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1 Definition of the problem, scope and structure of the 
thesis, research methodology used 

 

1.1 Introduction 
 
Quality is an important issue in software industry, - good quality is more and more a 
condition of staying in the market – therefore most software companies try to do some 
improvement in order to deal with this challenge. Many books and articles describe various 
approaches towards this complex subject, some of them presenting solutions working in a 
certain, peculiar situation, while others try to give generally applicable methods, models, 
approaches1.  
This chapter presents some basic ideas, definitions and problems about the term quality and 
about the term software quality. Basic orientatio ns in defining software quality are presented 
to emphasize the importance of the subject ever since software appeared. Five widely 
known quality definitions - those of Garvin - are described.  
Next, we describe the basic problems a software organization is facing when it starts to deal 
with software quality. We identified these problems while trying to build up and introduce an 
efficiently working quality system at a Hungarian software company. As this thesis aims to 
give solution to the problems, we present its scope and structure, as well as the research 
methodology used. 
 

1.2 About the term “quality” 
 
The term quality, as "degree of excellence, relative nature or kind of character, class or 
grade of thing as determined by this, general excellence"2 has, both in philosophy and in 
ordinary speech, a long history. The word appeared in English as a translation of the Latin 
qualitas, a word coined by Cicero to translate the Greek word ποιοτεσ (“poiotes”)3. This 
Greek word had itself been coined by Plato - it appears in his work “Theaethetus“-, and it 
was employed as a technical term by Aristotle in his doctrine of categories.  

The meaning of quality has changed over time, according to the mentality of people, but 
"good quality" has always had something to do with the product's capability to satisfy the 
needs of the users or functionality according to the product's designation. (Product- for 
some people meaning a thing, for others meaning a result of mental activity.)  
Requirements for quality have changed as well. While quality has denoted for centuries 
mostly an outstanding, rather unusual matter, "a matter of conscience"4 and seldom an 
expressed need of some, wealthy groups, nowadays it is rather a condition of staying in the 
market. 

                                                 
1 For instance: [Basili95a] is about SEL's software improvement program, [Humphrey95] presents valuable ideas about a 
well-organized software engineering process, while in [Pfleeger95/2] the basics of setting up a metrics program is 
described.  
2The New Oxford Illustrated Dictionary 
3 Encyclopedia Britannica, vol.18. 
4 E.g. in case of artists, scientists: when doing “high quality” work, they satisfied their own needs for creating something 
“good”, and they did this in most cases without expecting they would be paid for it 
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Quality requirements have evolved, and the rate of evolution has been accelerated mainly in 
the 20th century5. Due to growth of quantity in production, world-wide market-competition 
led to a change in purchasers' value judgment: they begun to calculate in life-cycle costs, so 
quality comes into prominence regarded to price. 
Beginning with the 1950's many quality organizations and bodies have shown up, some of 
them becoming of national or international importance. Due to the work of these 
organizations many standards and prescriptions regarding quality have been issued, and 
nowadays market-position of companies highly depend on the application of these 
standards. 
The concept of quality - as generally used nowadays in connection with production of goods 
- means those elements of the goods, which contribute to satisfying the needs of those who 
use the goods. This - rather general - definition is made more precise by the definitions used 
in national and internatio nal standards and laws. 
 

1.3 Quality of software 
 
Software is "intellectual creation comprising the programs, procedures, rules and any 
associated documentation pertaining to the operation of a data processing system6 ". A 
software product is the "complete set of computer programs, procedures and associated 
documentation and data designated for delivery to a user" [ISO 9000-3]. 
The concept of software as used today exists since the NATO conference organized in 
1968, in Garmisch Partenkirchen, so it is far from being a novelty. Due to the increasing 
number of software users, quality is now of the same importance in software development, 
use and maintenance as in the similar activities regarding any other - material or intellectual - 
products.  
While in the case of material products quality can be defined in a rather precise and 
measurable way, quality of software is a concept hard to define, basically because of the 
difficulties arising in finding adequate quality-criteria, attributes and proper quality-measuring 
methods and tools. 
 

1.4 Different focuses over time 
 
If we take a look at the development / change in software quality definitions, we notice three 
basic orientations.  
In the "heroic age" of computer science the programs were written in most cases by 
mathematicians, by physicists or by engineers, and were usually concerned with the solving 
of some scientific problems (numeric approach of solutions of equations, inverting a matrix 
etc.). These programs were dealing with simple mathematical operations that had to be 
performed many times. A program was considered to be "good" if it was able to run - 
at least once-, to terminate running after a time - the length of running-time was not 
really important-, and to produce results similar to those expected. 

                                                 
5 In fact, during the last hundred years: the first product responsibility trial was registered in 1852 in New York 
(purchaser's rights had to be defended versus a company using improper inscription on chemical substances). 
6Software is independent of the medium on which it is recorded. 
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In the early seventies - mainly due to the appearance of assembly and high level 
programming languages and operating systems - the dimensions of the problems to be 
solved increased, and there was a need for programs to perform the same operations 
thousands of times a day. It was the age of "tricky" programmers, quality being 
characterized by the so-called "micro-efficiency". A program was said to be "good" if its 
use was cheap in a certain hardware-software environment, and it handled the given 
resources of the computer in an optimal way. 
Beginning with the eighties the concept of quality has started to mean "macro-efficiency". 
Programs are being used in various hardware-software environments by many people 
among whom the percentage of "ordinary users" (not informaticians) is increasing. Due to the 
development of hardware there is in fact no point in "saving resources". A "good" 
computer program is therefore portable, its use can be learned by common people, and 
it is highly user-friendly. 
Nowadays complex program-systems are being developed. The question isn't the 
correctness of a certain program any more, but the correctness, reliability, integrity, 
interoperability etc. of the whole system . We usually think of a good system if its 
documentation is complete and understandable, if it interacts with other - computer 
aided or classic - data-processing systems in an optimal way, if its maintenance can be 
done at low costs, if it is able to cooperate with new software-hardware tools and so 
on.  
Prescriptions for coding aren't enough any more: complex organizational frame, well-
organized team-work are needed to ensure the correct and optimal sequence of all 
activities performed in the development of such systems. 
Beginning with the eighties structured systems' analyzing and developing methods and 
methodologies have been worked out and complex computer-aided tools have been 
developed, which are more then simple testing tools: they provide help for transforming the 
logical model of a system into the physical one. 
A next step in system-development is the use of embedded intelligence. Programs are 
"living" in the electronic circuits - they become organic elements of machines. Testing such 
programs obviously needs techniques that completely differ from ordinary testing techniques. 
Working out such testing techniques and tools is a new challenge for informaticians. 
An important approach towards quality (not only software quality) is the one proposed in 
the eighties by W. Edwards Deming (see [Deming89]): Total Quality Management (TQM). 
The goal of TQM is "to create a system of management procedures that focus on customer 
satisfaction". Deming defines quality as “an overall philosophy, an attitude, a way of life, 
almost a religion, based on the premise that if you make quality your number one 
objective, properly manage toward that objective, and continually improve, good things will 
result.”   
Working according to Deming′s philosophy means a strong management-oriented 
approach. The company should revise its culture to focus on the customer, all activities 
should be guided to improve quality, service and cost. According to [Fenton&97], three 
critical elements of TQM are: customer expectations, full participation, and continuous 
process improvement.  
 

1.5 Different approaches to software quality 
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As resulting from the previous section, quality of a software is determined by a composite of 
many characteristics, the definition, number and importance of which highly depend on the 
user, environment, historic period etc. The meaning of software quality has been subject to 
important changes over time. As software and hardware evolved, new items have been 
added to the concept of software quality, while other quality characteristics operate 
nowadays with a changed meaning. (For instance, the characteristic “user-
appeared only after punched cards had been replaced by interactive terminals; the meaning 
of “reusability” is today - in the age of object-oriented programming - different from what it 
was meant by it by the COBOL-programmers.)  
Elements taken into account when talking about software quality,  can differ according to the 
concrete (specific) situation, to the user, to the developer, to the quality framework offered 
by the literature and taken into account by the software engineer, to the popular trends of 
the moment in software quality management and so on. According to those mentioned 
previously, software quality definitions themselves can differ in different situations. 
Among the many software quality definitions we present those described by Garvin , in his 
famous article “What does software quality really mean?” [Garvin84]. 
Here are Garvin’s  5 quality definitions: 
• The transcendent definition says that quality is absolute and universally recognizable, 

despite the fact that it cannot be defined precisely. Only experience can teach to 
recognize quality. 

• According to the user-based definition, quality is "fitness for use". This definition starts 
from the assumption that the individual customers have different needs and those goods 
that best satisfy their needs are considered to have the highest quality.  

• The product-based definition regards quality as a precise and measurable variable, as 
an inherent characteristic of goods. 

• Manufacturing-based definition identifies quality as conformity with specifications. It 
focuses on the supply side. 

• Value-based definition defines quality in relation to costs. A quality product provides 
performance at an acceptable price or conformance at an acceptable cost. 

The product-based definition of quality deals with objective quality attributes and their 
relationship. Quality attributes7 are defined, their interaction is shown by tables of 
correlation. We can observe that using the product-based quality definition involves 
some effectiv e measurements on the software product (e.g., number of comments in a 
program, number of errors, number of failures, etc.). This definition is classified (e.g. by van 
Genuchten [Genuch91]) as being an objective one, together with the manufacturing-based 
definition, while the transcendent, the user-based and the value-based definitions are said to 
be subjective ones.  
The product-based definition is one of the most used. The first quality models - those of 
Boehm  and McCall (see 4.3.2.1 for a short description of these models) - were founded on 
the product-based definition. As it became obvious that defining objective software quality 
characteristics (and measuring them) was far from being a simple job to do, other quality 
definitions became more popular. The  9000 standard series, for example, which determined 
the directions to deal with quality for quite a number of years, used a process-oriented 

                                                 
7 Like: correctness, reliability, efficiency, integrity, usability, maintainability, testability, flexibility, portabilit y, 
reusability, interoperability ... 
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approach, somehow similar to the manufacturing-based definition. (See 3.3 for a 
presentation of ISO 9000.) Although this approach seems to be easier to apply, it made the 
software product itself to be neglected. In our opinion, this shortcoming of the ISO 9000 
series was the main reason to "come back" to product quality, by introducing ISO 9126 
(details in 4.3.2.2). 
A more detailed description of the approaches offered by the literature as well as their 
advantages and shortcomings are presented in the thesis. This far it is important to 
understand that software quality is a complex issue which can be approached from 
many sides. Different approaches to quality might be used taking into account  
different products (one-of-a kind, mass production etc.), different types of supplier-
client relationships (production for one, known client, anonymous production), as well as 
the characteristics of the software's life cycle. Software engineers have to choose the 
right quality approach in each case - although this selection is not easy at all. The 
quality approach used can shift during the life cycle of the software, as well.  
 

1.6 Definition of the problem 
 
We dare state that starting to deal with quality is basically a matter of decision, and might be 
considered an act of courage, especially in organizations situated on low maturity levels. In 
literature one can find enough proof (e.g. [Rahardja96], [Bíró97], [Paulk95]) that most of 
software organizations still are on a low maturity level. 
Once the decision to deal with quality is taken, activities should be started. 
The question is: which activities? What exactly to do and in which sequence?  
It seems that two extreme approaches exist: either to look to the literature, forcing the 
organization to use an already existing approach to the problem, or develop everything from 
scratch, taking into account the situation existing at the company in case. 
Starting by looking to the literature is a top-down approach, which has the advantage that 
the thinking effort of other people who did a similar work can be reused. It may have the 
huge disadvantage that the solution, perfect for the described case, will not fit at all the 
concrete company’s needs. (The ”Bibliography, references” part of this thesis is, in fact, 
the list to what we looked in literature in order to find answers to our questions regarding 
”what to do and in which sequence?” when starting to deal with software quality.) 
Starting from the everyday practice means working bottom-up, and has the advantage that it 
is sure that the strengths and weaknesses of your own organization are taken into account. 
Working this way, one will learn first in an unstructured way, from small experiments. This 
(extreme) approach can have the disadvantage of redoing work already done, without being 
sure that something important hasn’t been missed. (Besides the description found in this 
thesis – chapter 3 -, we described our own experience of working ”bottom-up” in 
[Balla94], [Balla96], [Balla97b]). 
Our opinion is that the best solution to start quality work lays probably somewhere between 
the two extremes: it would be wise to use results of people who already did a similar 
work, while taking into account the concrete company’s own needs.  
To do this, one should understand at least the objects software industry is operating with, 
should identify them for the own company, should be able to see their components, their 
important attributes and their relationships. After a careful examination of a software 
producing organization ( this stands for both descriptions found in the literature and an 
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analysis of a concrete company) one will usually understand that the basic elements such an 
organization is operating with are: software products, processes which produce the 
product, resources involved in the production, management issues which assure the 
needed resources, quality attributes of the objects involved and metrics to measure 
the quality attributes. (The importance of the mentioned elements results, among many 
others, from [Fenton92], [Gillies92], [Pfleeger95/2].) 
Literature offers a large variety of models, approaches, guidelines, standards, methods and 
methodologies, descriptions of best practices and techniques to deal with important elements 
of software production. For instance, [Boehm78], [McCall77] and [ISO9126] tell about 
modeling software quality taking into account the software product and its characteristics. 
The CMM model of SEI, described, for example, in [Paulk95], suggests that software 
quality should be approached by looking at the processes and the organization by which 
the product is developed. The ”process-oriented approach” is basis for many other 
software quality models, also for the popular ISO 9000 standard series and its component 
for software production ([ISO9000], [ISO9001], [ISO9000-3]). Some books and studies 
concentrate on the  (human) resources involved in the software process (e.g. [Weinberg92], 
[Develin93]). Project management methodologies, such as the one described in 
[PRINCE91], focus on the managerial aspects of producing software. There are models 
that emphasize on the importance of measuring different attributes of different aspects of 
software (e.g. [Basili95], [Humphrey96], [Pfleeger95/2]). Other articles, books and papers 
describe approaches developed or even used in certain cases by taking into account 
combinations of elements mentioned this far or a certain customization of existing models 
(e.g. [Fuchs95], [Dion92], [Györkös94], [Kusters&93], [Pfleeger&94], [Trienek&94]). 
The problem with the mentioned models, approaches, guidelines, standards, methods, 
methodologies, descriptions of best practices – beyond the fact that the important concepts 
are usually not or not enough clarified - is that every approach focuses on one certain or on 
some certain elements described in the previous paragraph, while missing – partially or 
totally – other elements. 
For instance, standard ISO 9000 suggests a strong process-oriented approach, but does 
not say much about the product itself. Product quality characteristics are described in ISO 
9126, but using exclusively this approach, the company will be confused when asked about 
its processes. Both ISO 9000 and ISO 9126 lack managerial aspects, so using these 
standards will not convince the customers that the company’s projects will fit time and cost 
limits. CMM model focuses on software process improvement, but says few things about 
low maturity level organizations, does not give solutions for starting to defeat the chaos, and 
assumes that certain activities can be done only (or mainly) on a certain (higher) maturity 
level. Applying GQM might be useful to do measurement on different objects, but, as setting 
the goals is the company’s task, there is practically no guarantee that a company on a low 
maturity level will set realistic goals; it might do totally inefficient or misleading 
measurements, the results of which might not be understood and remain isolated. 
Summarizing: in the literature one can find a large diversity of approaches towards software 
quality, each of them dealing with just a part of the important elements of software 
production. There is no balanced approach which takes into account all important 
elements. No approach tells a company situated on a low maturity level how to begin 
dealing with software quality. The approaches are too generic, do not take into 
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account local specificity of a company. The existing approaches are often expensive, and 
thus problematic to use in small organizations. 
There is no approach (model, method, standard) which can answer the questions put 
by any organization getting started in dealing with software quality (assuming even 
that a careful analysis of the concrete situation has been made): how to start? ; into 
what direction to go?; which model to take into account? 
With other words: the known approaches remain basically on a conceptual level (the 
concepts used are often not or not enough clarified), without providing guidelines 
which help using them.  
On the other hand, a structural problem exists in the descriptions found in literature: the 
concept of “process” appears in many cases, but this word means both technical processes 
and project management processes, leaving a certain degree of confusion when discussing 
the different aspects, attributes of the processes. 
Summarizing: 
There are two main problems which need a solution  (this results from literature research and 
IQSOFT8 case): 

• Problem 1: there is a large diversity of approaches in dealing with software quality, 
while a unified , balanced view is missing  

• Problem 2: there is a structural problem in descriptions used by the different 
approaches; they all describe processes or products but there is no clear distinction 
between the different types of processes (e.g. managerial, technical).  

 

1.7 Goal of this thesis 
 
The goal of this thesis is to give an approach to deal with the problems mentioned before. 
For this purpose a reference framework and a reference process model are developed and 
made operational. The framework and the model resulted from own experience, while trying 
to build up and introduce an efficiently working quality system in a Hungarian software 
company. The work done is presented in a case study that lasted 8 years (1993-2000). In 
this period 5 phases could be distinguished. Each phase is analyzed in the thesis while 
following the same structure, namely: basic starting points, key problem areas, literature 
consulted, activities and design executed, reflections on what and why happened. The 
lessons resulting from this structured analysis of the case have been formulated as a number 
of guidelines which we feel are applicable by any low maturity software development 
organization embarking on a product or process quality improvement endeavour. These 
guidelines are developed around a simple framework containing the basic objects of 
software production (project management, technical processes and products). The 
guidelines advocate a careful step by step development of definitions, quality characteristics, 
metrics related to these objects while at the same time developing and introducing the 
associated processes. 
The framework and the model developed help a software organization situated on a low 
maturity level to start dealing with software quality issues and improving software quality. In 

                                                 
8 IQSOFT is a Hungarian software company, where a case study has been carried out. The case study - which happened 
to last for almost 8 years - is described in detail, and its results are used in the thesis. 
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fact they offer to the company support in working out its own method to deal with quality in 
a unified, balanced way.  
The unified, balanced view offered by the framework and model means that results of 
research and approaches presented in the literature are taken into account, while concrete 
experience also plays an important role. 
The reference framework and reference model can be used by companies situated on higher 
maturity levels, as well, helping them to do continuous improvement. 
The reference framework and model is called QMIM (Quality through Managed 
Improvement and Measurement). 
It is important that – unlike the approaches found in literature - QMIM takes into account 
all the important elements of software production already on low maturity levels. Of 
course, it is not possible to look to all elements in the same degree of detail, but as the 
maturity of the company evolves, more and more elements will become more detailed.  
We can state that QMIM is like a pair of glasses that helps in looking to both the abundance 
of literature-approaches and the components of a peculiar situation in a structured way. 
Having a good and well-understood structure of important elements to deal with is of real 
help when steps towards improvement of any kind are made. 
 

1.8 Research methodology used 
 
Participative (action) research was the basic methodology used. How the problem 
manifests itself in real life has been experienced during a longitudinal case study, run at a 
Hungarian software company over a period of 8 years. Reflections on the case study have 
been done in a structured way.  
In [Jönsson91] we find the following definition of participative (action) research: “Action 
science is an inquiry into how human beings design and implement action in relation to one 
another. Hence it is a science of practice.” In the same article, the author shows that, by its 
nature, action research is low on control, as research situations are here designed to 
challenge some of the constraints of real life conditions. Action research projects are unique 
experiences. “Their output mainly consists of concepts, models of thought that seem 
applicable to other situations, clues to new hypotheses, and convincing stories about what 
went on.” 
Trying to place action research in relation to other approaches to research, Jönsson argues 
that it is interpretive or critical.  
An important aspect of action research is “to help participants discover new ways of seeing 
and designing their own action. “ Thus, it is close to the critical approach to research, 
which has the central idea that “all social phenomena are historically created and 
conditioned.” The structures and the individuals have unrealized potential, due to limiting 
conditions “in terms of position, tradition, resources, power”. If the individuals are made 
aware of these limits, they can act to influence structures and improve possibilities to realize 
their potential. Jönsson sees the main values of the critical approach in the fact that it makes 
us aware of the historical inertia in an organization and of the interactive character of all 
organizational change.  
A weakness of the critical perspective may be that it “tends to emphasize underlying forces 
that drive in one or another direction.” 
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The interpretive perspective assumes that reality is produced and reproduced by human 
beings through their action and interaction. Interpretive researchers believe that “there is 
order in organizational interaction”. The strength of interpretive research is that it forms 
concepts and meanings. The researchers describe processes and phenomena with the 
intention of understanding connections and wholes.” 
If accepting the definitions and ideas presented before, we can state that the author of this 
thesis did both interpretive and critical action research. The processes of a software 
organizations were observed (the author was first a “guest”, afterwards a “host” of the 
activities), described and analyzed. The results of the analysis resulted at the beginning of the 
case study in criticizing the actual situation. Afterwards, it generated intervention. As the 
case study progressed, the author was able to describe generalizable results (resulting in a 
reference framework and a reference process model). 
However, the results of the research described in the next chapters were not applied in 
different organizations. One must see the limits of the work described in the thesis (as 
Jönsson says: “action research rarely produces generalizable knowledge, it interferes with 
the object of research, and it usually has no control over independent variables”). Still, our 
belief is that the model constructed can help other software organizations. The fact that there 
are many software organizations facing problems similar to those described in the beginning 
of the case study is not only a belief, but it is underpinned in the thesis.  
The description of the case study phases in the next chapters is done with the same logic. 
The following issues are addressed: 
1. Assessment of the existing situation at the company in the given moment of time. This 

assessment is done taking into account the existing sense of: 
• Priority: what priority did the quality – oriented activities have among the other 

activities of the company? 
• Time: was there an allocation of a well-defined time-interval to the quality-oriented 

activities? 
• Purpose: did anyone state the purpose of the quality – oriented activities? Was it a 

single purpose? Was there a consensus about the purpose? 
• Structure: did the organization (management, engineers, quality department) 

understand what exactly did the organization need? 
We present the important stakeholders: management, customers, engineers, quality 
department, competitors. In case of each stakeholder the level of motivation, 
understanding and capability are analyzed. 

2. Given the previously described situation, solutions offered by literature have been 
consulted. The literature consulted reflects the needs, the approach of the certain phase. 

3. Description of what happened in the phase. The activities performed started from the 
existing situation in the beginning of the certain phase and the literature consulted. 

4. The results of the activities performed in the phase. These results are important primarily 
for IQSOFT Ltd. 

5. Lessons learned in the phase. These reflect a wider view and understanding of the 
results and are considered to be applicable for other software companies, too. 

Being integrated in the environment in which the case study was run, the author took part 
actively in all software quality related work of the company, in most of the time also planning 
and managing it. As a Ph.D. student in the beginning of the case study, the author did 
important literature research to understand the different approaches offered by various 
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models, standards, best practices. The analysis done in the phases of the case study is based 
on literature research.  
Induction was basic in reorganizing the framework built initially as result of literature 
research, while findings of the longitudinal case study came to complete the framework.  
Regrouping and completing the framework resulted in a reference framework and a 
reference (process)  model. 
 

1.9 Structure of the thesis 
 
This thesis consists of 8 chapters.  
Chapter 1 describes the problems encountered while starting quality oriented work in a low 
maturity level software company. Chapter 2 presents the environment of the activities done: 
the Hungarian software company IQSOFT Ltd. Chapters 3, 4, 5, 6, 7 describe a case 
study run over 8 years (1993-2000) at IQSOFT Ltd. Based on all previous chapters, 
chapter 8 describes the solution to the problem mentioned in chapter 1., while chapter 9 is 
the conclusion of the work done. 
The short contents of the chapters is the following: 
 
• Chapter 1:  Definition of the problem, scope and structure of the thesis, research 

methodology used 
This chapter presents some basic ideas and definitions about the terms of quality and 
software quality. There were different focuses over time to define what “good” software 
meant. Five widely known quality definitions - those of Garvin - are described.  
Next, the basic problems encountered while starting software quality oriented work are 
described and the goal of the thesis is identified. The chapter ends describing the 
research methodology used by the author, as well as the structure of the thesis. 
 

• Chapter 2: IQSOFT Ltd., the environment of the case study 
This chapter is dedicated to present the environment of the case study: the Hungarian 
software company, IQSOFT Ltd. Short history of the company, its stakeholders and 
basic activities are shown. The evolution of the company is described, in terms of 
organizational structure, growth in number of employees, income and activity types 
executed. The presentation places IQSOFT Ltd. in the Hungarian software market. In 
the end of the chapter the case study is sketched. 
 

• Chapter 3: Case study, phase 1: “The enthusiastic dart at dealing with quality” 
In this chapter we present the first phase of the case study (1993-1994). Taking into 
account the situation existing by that time at IQSOFT, we describe the literature 
consulted, the activities executed, the results of these activities and the wider “lesso
learned in this phase. The approach IQSOFT Ltd. was focusing on was and exclusively 
process oriented one: ISO 9000. 
 

• Chapter 4:  Case study, phase 2: “Seeking new ways and means”  
This chapter presents the second phase of the case study (1995). This phase was an 
extremely important one, although it concentrated on literature research, on learning 
about and understanding the existing approaches, models used in software quality 
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management. No concrete result has been produced (nothing was “built” in terms of the 
company’s quality management system), but important lessons have been learned. These 
lessons contributed to a change in the way of thinking about software quality. In this 
period a serious amount of literature has been consulted (CMM, Bootstrap, Boehm and 
McCall models, ISO 9126). Important was to learn about Fenton’s entities, 
understanding that software quality can be approached from the side of products, 
processes and resources. These entities have to be well defined. The quality of the 
entities is characterized by the quality attributes. We came to the idea that the entities, 
definitions and quality attributes can be placed in a quality framework. 
 

• Chapter 5: Case study phase 3 : “The successful recommence” 
This chapter shows a successful recommence of the quality-oriented work, and a series 
of lessons learned. The phase (lasting from late 1995 to mid 1997) consisted of a project 
run at IQSOFT Ltd. with the scope to build and introduce a project management system. 
Therefore, literature about project management approaches has been consulted in this 
phase. Besides the planned results, the case study phase described in this chapter 
produced a series of side-results, spin-offs. Basic was the recognition of the fact that the 
company’s activities can be separated into project management activities and activities 
needed to successfully complete technical goals. These findings were more important 
than the planned ones regarding the company's long-term interests. 
We present the most important such ideas and definitions finalized within the case study, 
that have taken us to build an own quality framework. This quality framework has project 
management processes, technical processes and products as objects of software 
production. The need for a precise definition of the objects emerged. 
 

• Chapter 6: Case study, phase 4: “The new ISO 9001 approach” 
The phase of the case study described in this chapter was about a project started in 
August 1997 to get the company ISO 9001 certified. The project was successful: the 
company got registered in 1998 according to ISO 9001.  
It is important that – unlike the first phase of the case – IQSOFT Ltd. did the activities 
needed for certification having a solid theoretical basis. We understood that working 
according to ISO 9001 was just a step in quality management. The project described in 
this chapter used the results of all previous phases, especially those of phase 3: the 
structure of the ISO 9001 – conform quality management system had the already 
functioning project management system as a basis.  
The results of the activities done in this phase contain the structure and documents of the 
ISO 9000-conform quality management system. Important lessons have been learned 
about the place and characteristics of such a quality system in the wider software quality 
oriented framework. The own quality framework remained unchanged, and some 
guidelines have been formulated. The guidelines help in taking a company from the 
chaotic level close to the defined level  - speaking in CMM terms. 

 
• Chapter 7: Case study, phase 5 – “Process Improvement at IQSOFT Ltd.” 

This chapter describes IQSOFT’s activities done after being ISO 9001 certified, with the 
scope of improving the company’s processes, its quality management system.  Gathering 
and structuring data about the usage of the quality management system was one 
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important activity. Importance of using metrics came into our attention, therefore 
literature about software metrics is described in this chapter. Testing was an other 
important issue introduced at the company. Changes requested to be ISO 2000 conform 
were also taken into account.  
Regarding the lessons learned in this phase, the own quality framework has been 
completed with the metric element – important from the point of view of the objects’ 
quality. Having the understanding and results of all previous phases, it was possible to 
place all the approaches offered by literature and taken into account or learned in the 
previous phases into the own quality framework. Analyzing the data gathered helped in 
structuring them, obtaining a high-level model for a quality-oriented database of the 
company. 
 

• Chapter 8: QMIM - Quality through Managed Improvement and Measurement 
Based on the experience in software production and on the research done in the field of 
software quality (summarized in the previous chapters) a reference framework and a 
reference model were built, offering a possible solution to the problem mentioned in 1.6.  
This chapter presents the elements QMIM: the reference framework and the reference 
model. The elements of QMIM are described, and guidelines are provided to make it 
applicable in other software organizations. QMIM is not “a best solution” for software 
companies, but it can help a company in choosing its own way to deal with software 
quality, while taking into account all the important elements and approaches. Using the 
guidelines means that each company can choose its own direction of growth in terms of 
quality. The choice will always be a conscious one, as analyzing the current situation is 
extremely important in any circumstances. 
 

• Chapter 9: Summary of the work  done 
This chapter summarizes the results described in the thesis, pointing out possible 
directions to continue the work done this far. 
 

• Appendixes 
As the case study described in the thesis has been completed in Hungary, for its better 
understanding we consider it worth to mention some aspects of the software quality 
oriented work done in Hungary.  
Some concrete results of the case study are also described here. 
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2 IQSOFT Ltd., the environment of the case study 
 

2.1 Introduction 
 
This chapter contains some basic information about a Hungarian software company, 
IQSOFT Ltd. This company was the environment in which an 8-years long case study has 
been carried out in the domain of software quality management.  
Presenting data about the company is important to understand its characteristics, to be able 
to place it among the Hungarian and international software companies. 
The case study itself is described in the next chapters. 
 

2.2 Short history of IQSOFT Ltd. 
 
 
IQSOFT Ltd. (IQSOFT Intelligent Software Computing Technology Manufacturing and 
Trading Co. Ltd.) is one of the main representatives of software industry in Hungary. The 
company was formed in early 1990 from part of a large state organization, The Theoretical 
Laboratory in the Computer Technology Co-ordination Institute (SZKI).  
The controlling interest of IQSOFT was maintained by SZKI until June 1993, when the 
IQSOFT management and employees purchased these shares. The ownership remained 
until the beginning of 1999 largely in the hands of the management and employees through 
IQ Management Ltd. (54%), with minority shareholdings by Dataservice - a fully owned 
daughter company of Bank Austria (25%) -, and ISB, a German Software Company 
(10%).  
In spring 1999 IQSOFT Ltd. jointed the huge KFKI Computer Technology Group and the 
shareholders are as seen in Table 2-1. 
 

Shareholder % of shares owned 
KFKI Computer Systems Corporation 51% 
IQ Management Kft (IQSOFT management and employees) 34 % 
IFS Industrial and Financial Systems (Sweden) 7% 
Private persons (Hungarian) 4% 
Private persons (foreign) 4% 

Table 2-1: Shareholders at IQSOFT beginning with 1999 

The main sources of income in comparison with the early years changed with diversification, 
to include project partnership with the Austrian Zentralsparkasse (now Bank Austria) and 
the exclusive distribution of ORACLE Database Management Systems within Hungary. For 
several reasons over the years these two connections have become weaker, but they had a 
significant determining influence on the development of  IQSOFT. 
IQSOFT was the sole distributor of ORACLE products in Hungary until May 1993. This 
fact enabled the company to achieve a leading market position for ORACLE Database 
Management Systems and quickly expand its presence in the Hungarian IT marketplace 
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during the early years. In 1993, ORACLE decided to establish ORACLE Hungary, and in 
anticipation of this IQSOFT began to diversify into a variety of product lines.  
To take advantage of its market presence and knowledge of ORACLE products, IQSOFT 
chose to focus on the advanced information systems market segments, establishing an 
extensive partnership network and systems application expertise.  
Regarding basic products and activities, IQSOFT continued diversification of its product 
portfolio in 1996. The basic function of the company - the database tools distribution - 
has remained a very important activity with a change of emphasis over the years. In 1996 
the operation of the company focused on the application development and distribution. 
All activities were present in previous years as well but the growth in 1996 is substantial 
especially in the field of application developments, with an increase of 80%. Image 
processing has also grown substantially, increasing by 45%. It is worth mentioning that 
while these two activities generated 47% of the net income in 1995, this has changed in 
1996 to 60%. Although research and development has not increased in 1996, its 
significance and effectiveness has remained, it still gives 13% of the increased net income of 
the company. The company did training services and distribution of other products. 
Although the income generated by these activities is only 11% of the total net income, the 
company considers training a very important function that can enhance other business 
potential. The above mentioned results generated a substantial increase of profit in 1996. In 
1994 and 1995 there was an increase of business without an increase of profit. In 1996 the 
most profitable activities have become the application developments which are based on 
database management systems and which satisfy individual specialist requirements. The rate 
of growth of these activities contributed most significantly to the 300% growth of profit. 
IQSOFT is not simply a software distributor. As an information systems house it undertakes 
many other projects from software adaptation and localization to the implementation of 
complete information systems. For a number of years IQSOFT’s largest project client was 
Bank Austria and for more than four years the company carried out different development 
tasks for them. A large number of development projects have been successfully completed 
(for the state organizations, pharmacies, banks, local councils and the ministries), partly 
through being Microsoft Solution Providers. IQSOFT has been successful in co-operating 
with several large companies, has become their "personal deliverer" in the important field of 
information technology, gained experience from getting to know the whole company and 
from the interaction of the individual fields. Such a relatio nship is formed for example with 
MATÁV (the Hungarian Telephone and Telecommunications Company), Westel 900 
GSM, the Hungarian Statistical Office and National Bank of Hungary. Table 2-2 presents 
some figures about the performance of IQSOFT between 1990 and 2000. 

Year Staff Revenue (milHUF ) Profit (milHUF) Dividend (%) 
1990 35 77 8 15 
1992 43 246 12 25 
1994 58 340 8 20 
 1996 70 551 25 20 
1997 74 681 27 20 
1998 74 711 20 20 
1999 74 975 67 34 
2000 90 1500 200 53 

Table 2-2: Company performance  (1990-2000) 
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IQSOFT Ltd. functioned always in rented offices.  Figure 2-1 shows the growth of the 
office spaces in the different locations of the company (in m2). To be noted that each 
location (referred to in the picture by the name of the street) was of higher quality in 
comparison with the previous one.  In present IQSOFT functions in a huge office building, 

with rooms for 2-5 people, plus two training rooms.  

Figure 2-1: IQSOFT’s rented office space  

The hardware used by the company contains two Sequent 2000/250  servers with 6 
processors, SUN SPARCserver5  and SUN Ultra Enterprise 2 with 4 workstations, 80 
586/486  based PC workstations / PC servers, 50 586/486/386 based PC’s in employees 
homes, 5 Notebooks, an in Focus VGA projector, HP printers, MO, CD, scanners, etc. 
The software used is UNIX, Windows NT, Windows 98, Novel, C, C++, MS Exchange, 
MS Office, ORACLE, CENTURA, MProlog, ObjectStore, P+, Rational Rose, Rational 
Clear Quest, Rational Clear Case.  
Outward access to Internet is realized by a leased line. The internal mail system is MS 
Outlook, with connections to external mail systems and a fax gateway. The network is 
complemented by HP laser printers. 
"Since people are considered to be IQSOFT’s most important asset, the firm actively seeks 
to recruit and retain the high quality well motivated staff. An attractive remuneration 
package is provided along with a safe and friendly work environment." ([***IQSOFT96]) 
This focus on human resource management has resulted in a very low employee turnover 
and has enabled IQSOFT to maintain its strong competitive position in the Hungarian 
market. The distribution of the staff by age, function, qualification and gender can be seen in 
Table 2-3.  

AGE   FUNCTION  
20-29 23  Management  5  
30-39 21  Technical  51 
40-49 24  Commercial 9  

Above 50 6  Administrative 9 

TOTAL 74  TOTAL 74 

 
QUALIFICATION   GENDER  
University Graduate 64  Male 43 

Secondary Certificate 10  Female 31 

TOTAL 74  TOTAL 74 
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Table 2-3: The distribution of IQSOFT staff by age, function, qualification and 
gender 

 

Figure 2-2 shows the fluctuation of the personnel in the 10 years of IQSOFT’s existence. 
We can see a peak in “employees left” in 1993, explained by the fact that this was the year 
when Oracle established its Hungarian subsidiary, hiring the people working before at 
IQSOFT in Oracle distribution.  

3 7
4 3

5 3 5 3 5 7
6 6

5 9
6 5 6 9

7 4

3
8 4

1 6
6 7 1 0 7 1 3

1 91 6 1 4

1 3
8 1 1 6

1 4 1 9 2 1

0

2 0

4 0

6 0

8 0

9 0 9 1 9 2 9 3 9 4 9 5 9 6 9 7 9 8 9 9

Y e a r

N
r.

 o
f 

e
m

p
lo

y
e

e
s

A v e r a g e  n r .

Left

En te red

 

Figure 2-2: Changes in the number of employees 

 
IQSOFT's company structure has changed over time. Looking to the first diagram (see 
Figure 2-3) drawn in 1991 (on paper!) we can see that the technical activities were 
organized in projects, and the project organization was the only one that could have been 
identified in this period.  

Managing 
director

Technical
director

Oracle product 
manager

Commercial 
director

Financial
director

Oracle 
technical team

Commercial
section

Financial
section

Secretary

Project
leader 1

Project
leader n

Project
leader 2

Pr team 1 Pr team 2 Pr team n
 

Figure 2-3: IQSOFT’s organizational structure in 1991 
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From this project organization, in 1996 eight functional departments have been organized 
and  IQSOFT began to function as a matrix organization. (People basically belong to a 
functional department, and project organizations can overlap the functional structure.)  
It is interesting to observe the changes in the officially declared company structure. At the 
beginning of 1996 the eight departments were (see Figure 4-2):  

• Database Department (referred to as ADA) 
• Company Informatics Department (referred to as AVA) 
• Library Informatics Department (referred to as OLI) 
• Document Administration Department (referred to as IMA) 
• Research Department (referred to as KUT) 
• Service Department (referred to as SZO) 
• Training Department (referred to as OKT) 
• Marketing Department (referred to as MAR). 

The profile of each department was indicated by its name, except for the task of the Service 
Department. This department maintained IQSOFT’s hardware and software stock, 
network services and provided the customers with hardware and basic software support. It 
was also responsible for ensuring the quality of service.  
Besides the functional organization, IQSOFT activities were based on project 
organization. "Although each project fundamentally belongs to one particular department, 
they often overlap between departments. The cohesion results in the general quality of 
standards and is supported by the fact that the Technical Director supervises all the 
departments from a technical and resource viewpoint, while the Marketing and Sales 
Director supervises from a commercial and marketing viewpoint" ([***IQSOFT96]). 
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Figure 2-4: IQSOFT company structure as in 1996 

In early 1997 IQSOFT management has reorganized the company structure. The functional 
activities were very similar to those in 1996, except that there were now three categories: 
1. Five entrepreneurial departments (OBT, AVA, IMA, OLI, OKT). These were judged 

on their profitability. 
2. Five service departments (RGZ, MIN, MAR, TIT, GAZ) judged on the fulfillment of 

their functions. 
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3. Two mixed function departments (KER and KUT) where a certain net income was 
expected alongside their other functions. 

The abbreviations of the departments mean: 
• AVA Enterprise Information Software Department 
• GAZ Accounts Department 
• IMA Document Administration Software Department 
• KER Commercial Support Department  
• KUT Research and Development Department 
• MAR Marketing Department 
• MIN Quality Management Department 
• OKT  Training Department 
• OLI Library Information Department 
• OBT Object Oriented Technology Department 
• RGZ System Support Department 
• TIT  Secretariat 
To be noted that a separate quality management department has been created. Although this 
department was composed by one employee  (who was subordinated to the technical 
director), creation of a separate department shows the importance given by the management 
to quality-oriented work. 
In May 1997 the former managing director of IQSOFT has moved to the board of 
directors. A young employee of the company has been elected managing director. The 
change in management resulted in changes in emphasis on the different activities and a 
somehow modified business policy of the company. 
The company structure did not undergo major modifications until the beginning of year 
2000. (Figure 2-5 shows the company structure as in 2000.)  
In spring 2000 the AVA department left IQSOFT, because IFS company formed its 
Hungarian subsidiary. This caused the loss of one of the important activities of IQSOFT. 
At the same time, the management decided to merge the Object Oriented Technology 
Department and the Research and Development Department, forming the Application 
Development Technologies (AFT) department. The number of the employees of this 
department has doubled during year 2000, basically by hiring new specialists. This decision 
of the management shows that the need for application development on the Hungarian 
software market has grown again. 
In April 2000 a testing group has been organized, first as part of the quality department (one 
employee).  The task of this group was declared to develop testing techniques and try 
testing technologies, and do the testing of the different products. 
A human resource management (HR) department has been created. This department had 
the task to find possible new employees, organize and conduct the interviews, do the 
selection among the candidates. IQSOFT was always looking for “the best” specialists, 
now emphasizing and advertising this issue. The company hires young graduates every year. 
It is common that IQSOFT supports graduate and Ph.D. studies of 3-5 students, year by 
year. 
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Figure 2-5: IQSOFT's organizational structure in spring 2000 

With reference to the financial situation of the company, The Financial Statement, the 
Balance Sheet and Profit and Loss Statement ([***IQSOFT96]) clearly show the continuos 
growth of IQSOFT in the extremely competitive Hungarian market, where in the last couple 
of years most of the largest multinationals of the IT market launched their aggressive 
activities. 
IQSOFT’s own capital has undergone major changes over time. Figure 2-6 shows these 
changes, counting the capital in 1000 HUF. 
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Figure 2-6: IQSOFT’s own capital 



 20

 

2.3 About the case study, in a nutshell 
 
IQSOFT Ltd. started to deal with software quality in 1993. The immediate cause of 
deciding to do quality-oriented work was the declaration of a potential foreign customer, 
who preferred to work with ISO-certified partners only. Wishing to get the contract, 
IQSOFT decided to go for ISO-registration as soon as possible.  
The aim of the company was, of course, not running a case - study, but introducing an 
internal software quality management system in order to obtain ISO 9001 
registration. However, by the time of beginning the quality-oriented work at IQSOFT, no 
Hungarian software company was registered according to ISO 9001. This fact, as well as 
the somehow particular situation existing at IQSOFT (some employees worked with some 
“software standards” before IQSOFT was established),  gave us the idea to look at the 
work done at the company from a "higher" perspective and to record the evolution of the 
"ISO 9001" project in order to use the results for the research done in the subject of quality 
management. So, the case study begun by recording the activities done. The author was 
convinced that it would end in maximum one year. 
Life has proven again to be more complicated than planned and expected: the first attempt 
to get the company ISO 9001 registered, failed. The term "failure" is, in fact not the right one 
in this context, because as the quality-oriented work progressed, the company's goals 
changed. From the wish to get the company registered at any price a switch could have 
been observed. The scope of the quality-oriented activities turned into building and 
introducing a quality management system customized according to the company's own 
needs.  As we understood software quality more, we decided to take into account the 
world-wide results obtained in software quality management and to concentrate not only 
on the processes (as suggested by ISO 9001), but also on other objects of software 
production. With all up-and-downs of the quality-oriented work done at IQSOFT, by the 
beginning of 1996 an official viewpoint was formulated. The scope of all quality-oriented 
work at IQSOFT was declared to be "bringing order in all fields of the company's 
activities, starting with project management and including software production as 
well as the totality of activities done at the company". Obtaining ISO 9001 registration 
has been regarded as a possible outcome of these activities, a desirable, but not a primary 
one. 
This way, the case study continued, and it happened to last for 8 years. The activities 
performed, the changes in the organization and in the way people were thinking about 
software quality, the better and modified understanding of interconnections, our widened 
view on the approaches used by others resulted in a division of the case-study into five main 
phases. The phasing was not planned, it “just happened”, but it is fully justified by the 
content of each phase. 
We present the main phases here, while the detailed description of each phase can be found 
in chapters 3, 4, 5, 6 and 7. 
• Phase 1 may be called "the enthusiastic dart at dealing with quality" . This phase was 

characterized by the trials to build up and introduce a software quality management 
system based on standard ISO 9001. It lasted between 1993 and the end of 1994. The 
company learned about ISO 9000 standard family, and tried to build a software quality 
management system based on it. This phase was characterized by the belief that the 
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standard ISO 9001 was enough as a basis of the quality management activities, and if 
applied properly, will solve all quality-oriented problems of the company. 

• Phase 2 may be named "seeking new ways and means". Lasting - fortunately - rather 
short (beginning of 1995- end of 1995), this phase can be characterized by the finding 
that ISO 9001 was not enough to build an efficiently working quality management 
system. There was no guide to help a quality manager in the sequence of dealing with the 
models, standards and prescriptions, in guiding the work of selecting the appropriate 
elements which, all together, would cover all fields of the activities done at a software 
company. Moreover, some elements of the many fields of the work done at a software 
company were missing from the standard prescriptions. Case studies, new models and 
new approaches (e.g. CMM, Bootstrap, ISO 9126) have been searched in order to 
understand the interconnections in more detail.  

• Phase 3 - "the successful recommence" (late 1995-mid 1997): In December 1995 
IQSOFT won an EU-PHARE tender. This opportunity was used to introduce a 
company-wide project management system. Although the whole project was referring 
only to project management, new ideas about re-organizing the quality-oriented work 
were spin-offs of the project. 

• Phase 4 - " the new ISO 9001 project" - has begun in May 1997 with the decision of 
IQSOFT’s management to start a new project in order to obtain ISO 9001 registration. 
The idea was to build the internal quality system taking into account all former results and 
failures, all new ideas that came through during the period presented here as phases 2 
and 3 of the case study. This phase ended in April 1998, when IQSOFT successfully 
passed the ISO 9001 audit and got registered. 

• Phase 5 – “process improvement at IQSOFT Ltd.” started after getting the company 
ISO 9001 certified, and lasts until the present moment (October 2000). This phase is 
about gathering data connected to the usage of the quality management system. Some 
metrics programs were started, and software product quality was emphasized, giving high 
importance to testing.  

 

2.4 Conclusion 
 
In this chapter we presented some basic data about IQSOFT Ltd., a Hungarian software 
company. This company was the “scene” of diverse software quality oriented activities 
during 8 years. Failures and successes, seeking new ways and better understanding of 
software quality – all the happenings of the years 1993 to 2000 – became parts of a case 
study run at IQSOFT and recorded by the author. The basic elements and the phasing of 
this case study were described in the actual chapter. 
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3 Case study, phase 1: “The enthusiastic dart at dealing 
with quality” 

 

3.1 Introduction 
 
 
The first part of the case study shows the beginning of the quality-oriented work done at 
IQSOFT. This phase is characterized by the trials to build up and introduce a software 
quality management system based exclusively on ISO 9001 standard prescriptions. This 
phase, which lasted between 1993 and the end of 1994, meant for the company getting in 
touch with the quality oriented and software quality oriented theory, learning about ISO 
9000 standard family and building a software quality management system based on it. This 
phase was characterized by the belief that standard ISO 9001 was sufficient, and if applied 
properly, would solve all quality-oriented problems in the company.  
The actual chapter presents the situation existing at the company in 1993, taking into 
account the principal stakeholders, the sense of priority, time, purpose and structure. 
Afterwards, the literature consulted in this period is described. We continue by presenting 
the activities performed in this phase, their immediate results and the  lessons learned. 
 

3.2 Assessment of the existing situation  
 
By the time of beginning the quality-oriented work at IQSOFT, no Hungarian software 
company was registered according to ISO 9001. This fact was known by all the important 
stakeholders, who attributed different meanings to the same information. While IQSOFT 
management considered it a challenge, a possibility to become the first registered 
Hungarian software company, IQSOFT employees were rather skeptic about this 
perspective.  
The management was highly motivated to get registered by a potential foreign customer, 
who declared that all his partners have to be ISO-certified.  
This was the immediate cause that made IQSOFT management to start quality-oriented 
work at the company.  The directors were determined to get the company registered, 
without knowing exactly what this meant. The management knew that there was no 
knowledge about standardization and software quality issues, that the existing capacity was 
not enough. But it was convinced that “learning” the ISO 9000 standard family will be 
possible in short time and will make it possible to build the quality management system. 
There was no understanding of what needs to be done. The existing situation has not been 
analyzed or understood.  
Although the management’s slogan “we will make order at the company by using ISO 
9001” seemed to be a very precise indicator, it caused confusion and fear in the employees: 
no one could tell how this was going to happen.   
It’s worth to note that many IQSOFT employees have been implicated in the former9 
software-quality-oriented research (see 10.1. about the software quality oriented work done 

                                                 
9Former = before 1989/1990; characterized mainly by isolation from world-wide trends. 
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in Hungary before 1989 and its comparison to the worldwide trends). Regarding the 
presence of actual IQSOFT employees in the overall former software-quality-oriented 
research see Table 3-1.  
 

Year Theme  Researchers  
1973  test -data generators Várkonyi Zsolt  
 test bed Soós Klára* 
1975 Qualisoft – system  Szentes János 
1976 Formal description of software components by Structured Abstract 

Models  (+VDM)  
Dömölki Bálint* 
Sántáné, Tóth Edit* 

1976 Verification of programs Várkonyi Zsolt  
1977 Basic Quality Requirements for Software  SZKI ** 
1978 Qualifying user-programs according to their source code listing Beiczer Ödön 

Szentes János 
1978 Applying correctness-measurer transformations for program 

synthesis and program optimization 
Farkas, Zsuzsa* 
Sántáné Tóth, Edit* 

1979 Software metrics  Varga László  
Kozma László  

 SOMIKA - An Automated System for Measuring Soft ware Quality SZKI**  
1984 Methodology for pre -validation of programs Bánné 
1985 KAF - program sets for official institutes, qualifying programs Kepler Károly  

Gáspás Mátyás 
*    working now at IQSOFT  
** SZKI = Computer Technology Co -ordination Institute; has run large projects; people working now at IQSOFT were 
involved in the projects 

Table 3-1: Implication of IQSOFT employees in the software quality - oriented  
research in Hungary, 1973-198510 

One can understand that a part of the IQSOFT employees have been formerly familiarized 
with the concepts and importance of software quality.  
The existing knowledge reflected the former general Hungarian concept: approaching 
software quality through the product-characteristics. Negative experiences have been 
added to this knowledge: results of the formerly done research have not entered the “every-
day life” of software developers, trends for test-automation and validation seemed to fail. 
The formerly existing process-oriented approach (e.g. using prescribed steps and 
documents in programming) also seemed to give no results.  
The elements presented before were - most probably - the reasons why in 1993 most 
colleagues were rather skeptic regarding the usefulness and real help provided by a software 
quality management system.  
However, everyone seemed to agree to the management’s decision to obtain ISO 
certification, but, at least for the beginning, the majority of colleagues believed that software 
quality management is a “needed hurtful thing” to be done in order to keep the company in 
the market. 
At IQSOFT no formal quality management department has been established, the quality 
manager was not an employee of the company (in fact the company had no quality 
manager). 
The case-study began in September 1993; by that time - as result of obtaining the 
scholarship offered by IQSOFT - I started my work at the company11. Working 3 days a 

                                                 
10Further references given in [Balla94] 
11 References to my person have been included only because I consider that the company’s attitude towards me reflected 
its attitude towards qua lity management. Of course, not my person is important in the ”story”, and could have been 
replaced by anyone else doing the quality-oriented work at IQSOFT. 
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week at IQSOFT, I was a Ph.D. student at the Technical University Budapest, having the 
subject of research "Software quality management in Hungary". My initial scope was to do 
literature research about Hungarian situation in software quality and compare it to the world-
wide trends. I considered that a case study that - I presumed - will end in about one year by 
getting IQSOFT ISO-certified, would successfully complete my thesis. Therefore I asked 
for, and obtained the agreement of the management to record all activities to be done in 
order to build up the quality management system. 
As we mentioned in the beginning of this chapter, in 1993 no Hungarian software company 
was registered. (The first Hungarian software companies - ”ASK Kft”. and “Geometria 
Térinformatikai Rendszerház” have been registered according to ISO 9001 in January 
1996.) The step of IQSOFT management was therefore an important one also from the 
competitors’ point of view. In the situation when no other Hungarian software company 
was thinking about ISO - registration, this main representative of the Hungarian software 
industry guided the attention towards the importance of quality management, making the 
competitors believe that IQSOFT will be registered in maximum one year.  
The situation described before and the attitude of the company’s management explains the 
sense of priority given to the quality-oriented activities. ISO registration was considered 
important, but mainly because of the potential foreign customer’s need. No special priority 
was given to the quality-oriented activities. This is partly result of the lack of understanding 
of the situation, and is proved by the fact that no quality department has been established.  
No employee was made quality manager, the activities connected to ISO registration were 
supposed to be executed by a Ph.D. student, working part time at the company.  
Regarding the sense of time, about one year has been allocated to get the company 
registered. This interval of time was not set formally, no formal project has been started. To 
be noted that the one-year-period was the amount of time declared by registering 
companies as necessary to build up, introduce and register a company of IQSOFT’s size. It 
was accepted, without knowing anything about the requirements that have to be fulfilled 
when starting such a job.  
IQSOFT management had a very precise sense of purpose: IQSOFT had to do the 
activities to get the company registered. The company wanted to use the certificate to obtain 
an advantageous contract with a foreign customer. This sense of purpose was very 
restrictive: the management did not consider any real improvement of the activities at the 
company.  
The sense of structure was also missing. The organization did not understand properly 
what was needed. The belief was that ISO 9001 registration was possible to obtain, 
therefore a quality system that conforms to ISO 9001 prescriptions should be built. There 
was no precise idea about what such a quality management system should contain, and no 
idea about how to start the activities, in which sequence to perform them. 
 

3.3 Literature consulted in this phase  
 
Given the attitude of the stakeholders, the scope of the quality oriented work and the level of 
understanding of the problem (described in 3.2) it is normal that the only literature consulted 
in this period was the ISO 9000 standard family. In this chapter we present some basic 
ideas about it. 
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3.3.1 The ISO 9000 standards  
 
As software became a subject of commercial transactions, provably good quality became a 
necessity: users wanted to be sure that the software they invest in is of proper quality. At 
the same time, software producers recognized that they need instruments to ensure their 
customers about the quality of the software developed. 
The same necessities arose in other sectors of international and national trade, too, and the 
International Standard Organization came to answer them: standard series ISO 9000 has 
been issued, offering a framework to deal with quality. Software developers and 
customers have been helped by a special "member" of the ISO 9000 family: ISO 9000-3 
was issued to explain how to apply ISO 9000 for software production. 
Although ISO 9000 is "just an approach" towards (software) quality among the many other 
process oriented ones, it marked the software market for a couple of years, mainly due to 
the registration process offered. As "getting ISO 9000-registered" became by the end of the 
nineties a condition of staying in the (software) market, we dare state that the approach 
offered by this standard series is the most known one among the software companies. This 
fact justifies the somewhat more detailed presentation of the standard made in the actual 
chapter. 

3.3.1.1 The main concepts of ISO 9000 

 
ISO 9000 series operates with many concepts, among which some important concepts are: 
• Quality: the totality of features and characteristics of a product or service that bear on 

its ability to satisfy stated or implied needs12. 
• Quality policy: the overall quality intentions and direction of an organization as regards 

to quality, as formally expressed by top management. 
• Quality management: that aspect of the overall management function that determines 

and implements the quality policy. This activity is done by following some quality 
management principles. 

• Quality management system: the organizational structure, responsibility, activities, 
capabilities and resources that together aim to ensure that (software) products will 
satisfy stated or implied needs. 

• Registration/ certification: the assessment of a company's quality system by a third 
party - a quality system registrar. 

One of the most important features of ISO 9000 is that it provides a third-party auditing 
model to review, certify and maintain certification of organizations. The declared goal 
of ISO 9000 is building up and introducing a quality management system for the activities 
of a company, ensuring a well-organized, controlled and documented working frame which 
will lead to error prevention during planning and development instead of error 
correction in the end of the development process.  

                                                 
12The following definition was suggested by [Geiger93]: Quality = Realized totality of characterist ics and their values 
of an entity in relation to requirement for quality. The definition proposed at the meeting of the ISO TC 176/SC 1 
(1991) was rejected with the argument that the whole world is used to taking the existing definition. 
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Registration is done by ISO-certified registration bodies, following the prescriptions of the 
standard series (ISO 10011: Guidelines for auditing quality systems).  
Nowadays different organizations, consulting companies provide aid for building up an ISO-
conform quality system. Questionnaires are also available for self-assessment, which can 
help in discovering the non-conformances before the real audit starts. 
The ISO-certificate obtained as result of the registration is the document that is presented by 
the company to business partners, therefore it is an important one. However, one shall not 
forget that registration certifies the quality management system developed according 
to ISO 9000, not the outstanding quality of the products. Of course we would expect 
that a product developed using a well-organized, documented and controlled quality system 
is more probable to be a good-quality product, but things are far from being that simple. As 
shown by the Japanese example quality can be produced without having a registered 
quality management system - and takes us to the idea that ISO 9000 registration is not 
always the guarantee for outstanding quality.  

3.3.1.2 Structure of ISO 9000 
 
The ISO 9000 standard series is composed of more standards, which bear different 
numbers. Some of the standard numbers can differ from 9000, but, due to their contents, the 
standards are to be considered members of the ISO 9000 family. Most of the ISO 9000 
standards have been developed by ISO TC 176. 
ISO 8402 defines the concepts used by the whole ISO 9000 family. Standard ISO 9000 
provides a guide for selection and use of the standards of the series. Standard ISO 9001 is 
the most comprehensive of all standards: it explains what a buyer must do to ensure that the 
supplier conforms to design, development, production, installation and maintenance 
requirements. ISO 9002 and ISO 9003 are subsets of ISO 9001, presenting two quality 
assurance models (ISO 9002: “Model for quality assurance in production, installation and 
servicing”, ISO 9003: “Model for quality assurance in final inspection
is in connection with non-contractual situations, presenting quality system elements used in 
quality management. The series has been completed with other standards, among which 
there is a standard (ISO 9000-3) explaining the usage of ISO 9001 in case of software 
development (further details about ISO 9000-3 in 3.3.1.3).  

3.3.1.3 Applying ISO 9000 for software development 

 
As software is subject of contractual activities (it is developed by a supplier to be sold to a 
purchaser), the business terms used in case of any other industrial product apply to software 
as well. In conclusion, ISO 9000 standard series, especially ISO 9001 is applicable to 
software production. However, software development differs from that of most other types 
of industrial products in some aspects. For instance, a software quality management system 
has to refer to both activities connected to product life cycle and activities not connected to 
product life cycle. While copying / replication is a rather difficult activity in case of material 
products, in case of software all replicated items will be exactly the same as the original one 
(of course, if there is no hardware error). Contrary to the former case, measurement can be 
done on material products (measuring, calibrating tools exist), but in case of software finding 
the right metrics, doing the right measurement is not at all simple. 
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Taking into account all the specific features of software development, TC 176 issued Part 3 
of standard ISO 9000, known as ISO 9000-3 [ISO9000-3], which offers guidelines for 
application of ISO 9001 to software. ISO 9000-3 is used as the interpretation of ISO 9001 
for software development in most of the countries. In the United Kingdom, ISO 9000 
certification is performed under the auspices of the TickIT program, and there is a 
comprehensive TickIT Guide to interpret and elaborate on the concepts and application of 
ISO 9000.  
TickIT13 is a registration scheme for information technology (IT). It was formulated by IT 
professionals, led by the TickIT project office of the UK Department of Trade and Industry 
and supported by the British Computer Society.  
The objectives of TickIT are: "to ensure that ISO 9000 series is applied for software in an 
appropriate way, to ensure consistency of certification within the IT industry, to enable 
mutual recognition of registration across the IT industry”. [TickIT90].  
The TickIT auditors use the TickIT guide, which is based on ISO 9000-3, and wishes to 
suggest how to implement the standard in case of software development. 
In fact, TickIT is one more prescription to map ISO 9001 prescriptions into software 
development. While formerly the use of TickIT was limited to the United Kingdom, 
nowadays some certifying organizations verify a software quality management system not 
only according to ISO 9000-3 prescriptions, but to TickIT prescriptions as well. Therefore, 
TickIT becomes more known in countries differing from the UK. Some of the certifying 
companies audit software quality systems taking into account both ISO 9000-3 and TickIT 
prescriptions. 
The nature of software development is such that some activities are related to particular 
phases of the development process, while others may apply throughout the process. These 
guidelines have therefore been structured to reflect these differences. ISO 9000-3 is 
structured and organized based on the premise that associated with each software 
development project is a life cycle consisting of a set of phases. It assumes no particular 
life cycle but it does assume the existence of some life cycle with phases.  
Standard ISO 9000-3 presumes that a software product is produced as result of a 
contractual agreement between two parties, and it emphasizes the importance of 
cooperation between the purchaser and the supplier. One of the basic ideas of ISO is, in 
fact, that supplier and purchaser should define, implement and control the quality elements 
during the whole life cycle of the product.  
ISO 9000-3 consists of 22 clauses. These 22 clauses of 9000-3 are grouped into three 
major sections. Section 4 ("Quality system - Framework") describes activities connected to 
quality management that do not depend on projects or life- cycle phases, but persist across 
projects. This section offers, in fact, the general principles that should be taken into account 
when quality management is done in a software company. 
Section 5 ("Quality system - Life-cycle activities") presents the quality - related activities that 
should be done in different phases of a product's life cycle. The quality-oriented activities are 
described grouped into the following life cycle phases: contract review, purchaser's 
requirements specification, development planning, quality planning, design and 
implementation, testing and validation, acceptance, replication, delivery and installation, 
maintenance. 

                                                 
13 TickIT  is the juxtaposition of the British word for the American check mark (a tick mark) and IT. 
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Section 6 ("Quality system - Supporting activities (not phase dependent)") presents general 
quality management - related activities which should be done independent of the life cycle. 
These supporting activities refer to: configuration management, document control, quality 
records, measurement, rules, practices and conventions, tools and techniques, purchasing, 
included software product, training. 
As one can observe, even the mapping of ISO 9001 to software development provides only 
general prescriptions regarding the different activities to be done. For instance, regarding 
the testing activity ISO 9000-3 recommends that 
 " Special attention should be paid to the following aspects of testing: 
a) the test results should be recorded as defined in the relevant specification; 
b) any discovered problems and their possible impacts to any other parts of the software 

should be noted and those responsible notified so the problems can be tracked until they 
are solved; 

c) areas impacted by any modifications should be identified and re-tested; 
d) test adequacy and relevancy should be evaluated; 
e) the hardware and software configuration should be considered and documented." 
One can see that only general recommendations are given, and an inexperienced quality 
manager will not understand much about the difficult problem of testing from these 
recommendations. 
Software quality managers might be helped by many articles and books that aim to specify 
ISO 9001 and ISO 9000-3 prescriptions in more detail, but experience is needed to apply 
ISO 9000 standards for software in an efficient way. 
According to [Schmauch94], for example, existence of the following items will provide a 
controlled software development process and satisfy the requirements of ISO 9001 for 
software development: quality policy; quality manager; quality manual; documented 
processes and procedures; project plan, which should include: project definition, project 
organization, project schedule, project management, related items; build plan - used to plan, 
track and control the various parts that compose a software product; test plan; service plan 
which should include: maintenance procedure, what types of problems will be corrected 
under the maintenance procedure, who will do that, how errors will be reported, how 
maintenance will be provided, response criteria, what information will be collected, 
reported, analyzed and fed back to design/ development; quality records; training records; 
internal quality system audits; library control system. 
In another book about ISO 9000-3, [Kehoe&96], we find some ISO-based suggestions 
about a very important slice of software quality: the use of metrics to prove that the quality 
of a certain product or process is really of the expected level.  According to the authors, the 
following are examples of the type of measurements that ought to be considered: number of 
defects, test coverage, bad fixes, number of requirement changes, work effort, 
documentation errors.  
However, no one without a solid basis in metrication theory will find enough guidance in the 
ISO 9001 or ISO 9000-3 standards about using metrics in software production.  
 

3.4 Activities performed at IQSOFT 
 
Having almost no knowledge about quality standards, the first approach to the problem was 
the trial to understand ISO 9000 (especially 9001 and 9000-3) terminology and 
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prescriptions. Trying to understand the actual situation at IQSOFT and identifying the real 
needs followed. A survey about ISO certification-process in Hungary has been made, 
obtaining proposals from different registering companies about certification. Feeling that 
IQSOFT management would like to get the company registered the soonest possible, we 
strongly (and exclusively) focused on applying the prescriptions of the standards. 
In Table 3-2 the handbooks and documents of the internal quality system are given, as 
developed by January 1995.  
 
Title: Final issue: 

IQSOFT Quality Organization 26. Aug. 1993. 
Standards, Techniques and Tools used at IQSOFT 20. Oct. 1993. 
Internal and External Quality Certification at IQSOFT 12. Nov. 1993. 
Introducing a Quality Management System at IQSOFT 15. Nov. 1993. 
Quality Reviews at IQSOFT 15. Nov. 1993. 
IQSOFT's Quality Management Handbook 2. Feb. 1994 
IQSOFT-Quality Management System Glossary of 
terms 

2. Apr. 1994. 

IQSOFT Software Documentation System January 1995. 

Table 3-2: Quality management system handbooks in Phase 1 of the case study 

Most of the work has been done by own initiative, without being formally integrated in 
IQSOFT organizational structure. Discussions with the technical director and 4 other 
colleagues were of a real help.  
It is normal to declare that a theoretical background would have been needed when starting 
quality-oriented work, but the theoretical approach only followed the practical one. The 
theoretical approach in the first phase of the case study consisted in reading everything that 
was connected to ISO 9000 (see 3.3.1): its terminology, its applicability to software, 
possible checklists, the procedure of auditing, case studies about getting software companies 
registered.  
The most difficult problem we were facing by that time was the standardization of the 
different activities run by the different software-developer groups at IQSOFT. The trial to 
identify a generic life cycle model (applicable for all developer groups) did not give the 
desired results. Although a model has been built, it was not reflecting the real needs of the 
different groups working at IQSOFT: each project run at the company seemed to be 
totally different from all other projects, seemed to use some standards, but the 
standards seemed to differ from project to project. 
Feeling that our basic problem was the definition of the development procedures, we 
focused on the necessity of using structured system-development and project management 
methodologies, together with their computer-aided tools. The reason of focusing on them 
was the belief that using a structured, well documented way of working, having a well 
defined process life-cycle-model (which covers the entire life-cycle, not only the parts being 
present in a structured system-development and a project management methodology ) will 
lead to the introduction of the concepts of quality management, at least in ISO-terms. 
To be noted that system development and project management methodologies and their 
tools were available in Hungary already in 1993. Particularly, at IQSOFT Oracle*Case 
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Method and SSADM14 (system development), respectively Artemis Prestige (actually 
having the name Artemis Project View) and MSProject (project management) 
methodologies were available, together with their computer-aided tools. Majority of the 
IQSOFT employees were familiar with the concepts of these structured methodologies, and 
some elements were sometimes used (further details in [Balla94]). 
In about half a year it became obvious, that a software quality management system, but not 
even a structured system-development or project management methodology can be 
introduced at once, at least not at IQSOFT. Applying every prescription would entirely 
change the company’s activity, causing financial and moral crisis.  
However, it seemed that there were some elements in software quality management (and in 
ISO 9000 prescriptions as well) that could be introduced in a software company without 
major changes, thus being more easily accepted by software developers. These elements 
were considered to be: configuration management (concept and plans), test plans and test 
journals, journals of project-related activities and documents; (mainly informal) quality 
reviews; concept and use of an informational system; existence and use of different 
document-templates with prescribed outline and contents. (For a more detailed description 
of these ideas see [Balla94].)  
Afterwards it became obvious that it was not possible to pick up some elements of a (quality 
management) system and make them work without understanding the ”whole”, the 
interconnections and dependencies. ”Picking up” something from the ele ments of a quality 
management system is possible only if done consciously: one has to know, what elements 
can be and worthwhile be picked up on a certain level of maturity! 
In the beginning of 1994 we heard about a possibility to assess a software company: the 
Bootstrap assessment. By that time we knew nothing about this assessment process, except 
the fact that it will assess the company without the possibility of failure. Moreover, being its 
first introduction in Hungary, the Hungarian Bootstrap Institute offered the assessment for 
the first companies to be assessed with an essential discount in price. 
With the reasoning described before, IQSOFT decided to use the Bootstrap opportunity. 
As we knew nothing about the method or the model behind it, we did not describe it in the 
actual chapter. We consider it appropriate to present this methodology in the phase of the 
case study where we understood it. Therefore it is described in detail in 4.3.3.3. 
Here it is important to mention that in April 1994 a Bootstrap-assessment has been carried 
out at IQSOFT. Two projects and the overall organization have been assessed. The results 
pointed out that the whole organization was situated on level 1.25 while some of the 
activities (such as detailed planning, project management and usage of development model) 
raised above level 2. The assessment pointed out the lack of some activities, such as testing 
and configuration management . 
This assessment result may seem very vague, but by that time this was all what we 
understood from it. 
 

3.5 Results 
 

                                                 
14SSADM has been translated into Hungarian and  become the  recommended system development methodology in 
Hungary. 
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In January 1995 - as part of an international Tempus project - an analysis of the quality-
oriented work done at IQSOFT has been made. The analysis ended with the conclusion that 
things were not going in the right direction at IQSOFT. This idea resulted in considering the 
first phase of the case study ended, and starting a new one (without knowing exactly what 
the new phase will result in). 
In Table 3-3 and Table 3-4 the successes and failures of the quality oriented work done at 
IQSOFT between September 1993 and January 1995 are presented, as seen in January 
1995. (The tables are part of [Balla95], where the elements are described in more detail.) 

Nr Activities Results  
1. Identifying and describing a general 

process life-cycle model by analyzing 
different life-cycle models used at the 
company. The model has both system 
development and project management 
elements, offering a “menu” from which 
one can select elements considered to be 
important in the concrete case. 

Elements being used from time to time by 1-
3 teams15. The model has been worked out 
using the MSProject tool. The general 
project life-cycle, the pre-defined resource 
pool etc. are helpful in project plans worked 
out with the same tool. Not enough 
feedback for improvement.  

2. Identifying and organizing a directory 
structure for the projects. Mainly 
following previously mentioned model. 
Help files provided for every document 
needed. Help provided for the sequence 
of activities to be done. 

Elements being used by 2-4 teams. There 
seem to be many unused elements. 
Continuously improving. 

3. Building document templates for the 
most important documents (12 available). 
Help facilities embedded. 

Being used (partly or entirely) by approx. 8 
employees. Feedback-based improvement.  

4. Building and filling in data in an internal 
information system (based on Doktár 
product), reflecting the structure of 
project steps and documents connected 
to each step as described above. 

Being used. Offers a rapid way for the 
management to get up-to-date information 
about projects. By the beginning of 1995 
approx. 15 projects having some or the 
entire information in the system. Some 
(technical) problems related to the 
maintenance of the database. 

5. Writing documentation for describing: 
-Configuration of hardware and software 
used at the company. Methods and 
(internal) rules regarding software and 
hardware maintenance. Customer and 
supplier list 

Being used. Writing down helped to clarify 
current situation, suggestions came during 
description. 

6. Bootstrap-assessment, carried out in 
April 1994. 2 projects and the overall 
organization assessed. 

Pointing out lacks, missing elements of 
quality management system: lack of testing / 
testing done in an arbitrary way; no risk 
management, no use of metrics. 

7. Software quality management courses 
organized by IQSOFT for outsiders, 
based on own experience in introducing 
quality management system. (The 
lectures have been prepared by myself.) 

Employees of the company were also 
interested in these courses. IQSOFT starts 
to be known for it’s quality-oriented 
activities in the Hungarian market. 

                                                 
15At IQSOFT “teams” are formed mainly for carrying out a specific task, and are rather small (1 -5 people).  
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Table 3-3: Successes in developing and introducing a software quality management 
system at IQSOFT- as seen in January 1995 

As one can observe from Table 3-3, the very fact of doing certain activities were considered 
to be successes. The usage of the existing quality management system elements was rather 
low. Anyway, the fact that some of the employees became familiarized with the concepts of 
ISO 9000, that they contributed to building the quality management system / developing the 
documents, was really benefic. Meetings were organized where employees had the 
opportunity to tell their opinion about working style at the company, their needs regarding 
document templates etc.  
 
Nr Activities Results  
1. Quality management system handbook Too general, concentrating too much on ISO  

prescriptions. Hard to understand and thus 
frightening to people not familiarized to ISO 
terminology. 

2. Description of methods and tools used 
at IQSOFT 

Just a first-cut description exists. Mainly 
because of try to find and the difficulty of 
finding methods/ methodologies and tools 
possible to be used by every team/for every 
customer.  

3.  Description of internal organization, 
functions, role s and responsibilities 

Does not exist. 

4. Bootstrap-assessment carried out in 
April 1994. 2 projects and the overall 
organization assessed. 

One of the two assessed projects (A) 
followed prescriptions of the existing quality 
management system, the other (B) didn’t. 
(A) has been qualified being 0.25 “better” 
than (B). Although reaching level 3 from 2 
in the CMM is a huge step, this difference 
was not enough to show the usefulness (in 
ISO or CMM terms) of the quality 
management system. Reason for (B) almost 
equaling (A) (in terms of CMM) can be 
found in the personality of (B) project 
manager, who is a “very good 
professional” 16. 

5. Itself the desire to introduce a quality 
management system overall the 
company. 

This, in fact, cannot be characterized as an 
“absolute failure”. It reflects the mentality 
of the management and the employees to 
accept only really helpful changes, despite 
the desire to get registered according to 
ISO. 

Table 3-4: Failures in developing and introducing a software quality management 
system at IQSOFT - as seen in January 1995 

                                                 
16This seems to correlate with results of research carried out in order to characterize “very good professionals”. See 
[Sonnen95]. 
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By carefully looking at Table 3-4, the following remark can be made: there was no 
management decision (and declaration) about making mandatory the usage of quality 
management system elements. 
The lack of the - very firm - management support had itself more causes. One of them was 
the recognition of the fact that working in a standardized way would lengthen the life cycles 
of the projects - at least for the first ones - , so it would produce a decrease in the income of 
the company (the customers probably would not be willing an extra pay for receiving a 
system developed in a standardized way). There was no - or, at least, no formal - 
agreement among the members of the management in this subject. The technical director 
was supporting the quality-oriented activities and was willing to get the company registered, 
but he did not enforce his opinion to the other members of the management. This way, 
quality management and ISO-registration became by the beginning of 1995 a kind of 
background activity, considered by most of the employees having no or almost no 
importance in comparison with the "serious" projects of the company. 
An other reason of the weak usage of the quality management system elements is to be 
searched in the - somehow particular - way in which IQSOFT employees were treated by 
the management. Due probably to the long time spent working together - also before 
IQSOFT was established - IQSOFT management hesitated in "bothering" some of the 
employees with the standard elements. The management considered that there were some 
colleagues who felt like working according to prescriptions, and others, who did not feel 
like. As the usage of the quality management system elements has not been made 
compulsory, the management expected the employees to use the prescriptions on a 
voluntary basis. This attitude led to the situation that different elements of the quality 
management system were used by some employees when they were not under time 
pressure, but were totally forgotten when time was pressing to finish the projects. This made 
the most important elements of the quality system to be neglected (change management, 
configuration management, reviews etc.). 
Finally, the probably most important cause of failure to introduce an ISO-conform quality 
system at IQSOFT is to be searched in the fact that IQSOFT, being a rather democratic 
organization, refused to accept any solutions but those about the efficiency and usefulness of 
which it was convinced. In many cases, ISO-prescriptions are not the most logic ones, and 
if applied in a very strict way, they indeed may hinder the work of software developers.  
 

3.6 Lessons learned in this phase 
 
The quality-oriented work done at IQSOFT in Phase 1 of the case study can be 
characterized as (almost) exclusively concentrating on the application of the prescriptions of 
ISO 9000 standard series. It did not start from the situation existing at the company, but 
from the requirements formulated by ISO 9000. The huge gap between the actual situation 
and ISO 9000 prescriptions was not taken into account. 
In this phase a basic shortcoming of quality management in ISO 9000-terms was noticed: 
ISO 9000 certifies the quality system used by the supplier, not the outstanding quality 
of the product. 
A theoretical background would have been needed from the beginning of the quality- 
oriented work done at IQSOFT, but, theoretical approach followed the practical one.  
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With the feeling that the software product itself disappears somehow in the “jungle” of the 
process, we tried to concentrate on some aspects considered to be elements in the process-
oriented approach connected in a way to the product (e.g. testing). 
Bootstrap methodology came by that time into our attention only because we heard about a 
possibility to "pre-assess" the company, obtaining good information about what needs to be 
done, without the possibility of failure. We were not able to understand the interconnections 
between Bootstrap  (CMM) and ISO 9000.  
We felt that ISO 9000 did not respond to our company’s needs, it did not show a direction 
of beginning the quality oriented activities. We still were lacking the necessary theoretical 
knowledge and understanding, but we started to be aware that some structure, guideline, 
framework would be needed to help us make order at the company.  
 

3.7 Conclusion 
 
This chapter presented the first phase of the case study run at IQSOFT Ltd. We described 
the situation existing at the company in 1993, analyzing its important elements. Afterwards, 
we gave details about the only literature consulted in this period, the ISO 9000 standard 
series. We described the activities performed in the phase, followed by the results obtained 
and the long-term lessons learned. 
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4 Case study, phase 2: “Seeking new ways and means” 
 

4.1 Introduction  
 
This chapter presents the second phase of the case study, called "seeking new ways and 
means".  The phase lasted from the beginning of 1995 to the end of 1995. 
In the beginning of the chapter the situation existing in 1995 at IQSOFT is analyzed. As this 
phase was characterized by the finding that ISO 9000 standards were not sufficient to deal 
with software quality, a huge amount of literature was consulted. We learned about the entity 
types taken into account when defining software quality, about process oriented and product 
oriented approaches towards software quality. We present the basic models, standards 
consulted in 1995 in part 4.3 of this chapter. 
In terms of the “story”, not much has been done to improve IQSOFT’s quality-oriented 
activities. Nothing was constructed, built, developed – still, this phase was extremely 
important for the company. We understood that there was no model, standard or approach 
which would be applicable “as it is” at IQSOFT. We became more and more convinced 
that the best solution has to be worked out in our company. We tried to understand the 
elements of and the interconnections among the many approaches found in literature, and we 
built a framework to represent these elements and interconnections. 
 

4.2 Assessment of the existing situation 
 
By the end of 1994 it became obvious that the trial to build an internal quality management 
system (presented in chapter 3) and register it according to ISO 9001 did not produce the 
desired results. This failure disappointed the stakeholders at IQSOFT. The fact that the 
cause of the failure was not understood, strengthened the confusion. Both the management 
and the employees became skeptic about the possibility of introducing an efficient quality 
management system. Everyone seemed to accept that ISO 9001 prescriptions cannot work 
in a software company, they only lengthen the processes, causing “useless paper work”. By 
the beginning of 1995 the potential foreign customer insisting on ISO 9001 registration 
disappeared, therefore the motivation to register the company, existing formerly at least on 
the management’s side, was lost. 
However, the quality-oriented activities were not stopped, but became a kind of 
background activities. The management kept these activities on the agenda probably 
because of marketing reasons.  
The quality department was still non - existent, the work connected to quality was done by 
the author, as a Ph.D. student.  The management did not formulate any requirements, so I 
did mainly literature research. Research done in the Netherlands, at the Technical University 
of Eindhoven was of real help, as well as getting in contact with the work and results of the 
software quality management workgroup at the Faculty of Technology Management at TUE. 
Although done without an impulse from IQSOFT, the research proved to be benefic.  The 
articles, books were showing that many other software companies in the world had 
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problems similar to ours. This was a good starting point to convince the management about 
the possibility to have positive experiences with software quality issues. The technical 
director was supporting the ideas found in literature, and made the other members of the 
management first to know, then to accept them, too.  
The customers of the company formulated no direct request about quality. Mainly because 
of the lack of knowledge in the subject, they did not wish to pay extra for quality 
management activities. 
The competitors were the other reason why IQSOFT’s management did not abandon the 
quality issues.  By the beginning of 1995 more Hungarian software companies started to do 
quality management in order to get registered. There was a change in the mentality of these 
companies, this change becoming an important driver for IQSOFT. While in 1993 no 
Hungarian software company was registered, by the end of 1994 one could hear more and 
more about software companies working on their ISO-conform quality management system. 
(However, the first 2 Hungarian software companies got registered only in January 1996.) 
IQSOFT’s management realized that being ISO -certified was not a ”novelty”, an 
”interesting” issue any more, but started to be a condition of staying in the market. Being 
ISO-certified was not necessarily an advantage, but not being registered started to be a 
serious disadvantage.  
The sense of priority regarding the quality oriented activities decreased after the failure in 
1994 of getting the company registered according to ISO 9001. Quality management was 
the last in the list of priorities of the company.  
Since there was no precise goal, the sense of time  was almost missing: no precise time 
interval has been allocated to the quality -oriented activities. 
With all the disappointment, the low priority given to the quality work, the sense of 
purpose of these activities started to take shape. From the wish to get the company 
registered at any price, a switch could have been observed towards building and introducing 
a quality management system that would help the work. The sense of structure  was not 
clear yet, it was not obvious what had to be done. “Bringing order into the company” was a 
goal, but it was not specified how this order-making will take place.  
Important was the recognition that we lacked the necesarry theoretical knowledge about 
software quality. The approaches offered by literature have shown that we have to build our 
quality system taking into account the worldwide results obtained in software quality 
management. We understood that we had to concentrate not only on the processes (as 
suggested by ISO 9001), but also on other objects of software production. The processes 
– addressed in the first phase of the case-study- were just one component of software 
quality, while products and resources also had to be taken into account.  
 

4.3 Literature consulted in this phase 
 
As mentioned before, a huge amount of literature was consulted in this period. Here we 
describe only those approaches that, in a way or another, were used later in IQSOFT’s 
quality-oriented work. We will present the elements of software production as defined by 
Fenton (4.3.1), then two basic software quality approaches are discussed: the product-
oriented approach (4.3.2) and the process-oriented approach (4.3.3). In both cases some 
well-known models or standards are described shortly.  
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4.3.1 Elements of software production and software quality definitions 
  
Reading [Fenton92] and [Gillies92] we understood that the first attempts to define software 
quality tried to approach it by characteristics connected to the software product itself. But, 
in software production other elements play important parts, as well. The product is 
developed following a development process. The product is developed by human 
resources, using other resources (hardware, offices etc.) The three aspects mentioned 
above - product, processes and resources - are the basis of the popular framework 
developed by Norman Fenton (see [Fenton92]). 
According to this well-known and widely accepted theory, the three classes of entities 
whose quality attributes contribute to the “quality of the software” are defined as follows: 
• Processes - any software related activities; they normally have a time factor. 
• Products - any artefacts, deliverables or documents which arise out of the process. 
• Resources - the items which are inputs to processes. 
Defining what we mean by "good quality" is complex enough already in the case we focus 
exclusively on the product, and introducing process-related and resource-related quality 
elements makes the problem even more complex.  
 
4.3.2 Product oriented approaches towards software quality 
 
The presentation of approaches included in this section shows that the first attempts to 
define software quality were studying it through the product characteristics. Two of the most 
known quality models are described here: those known as the “Boehm  
model”. These models introduced a series of ideas, elements and definitions that became 
organic parts of the software quality oriented research and have been used ever since, fact 
which justifies again briefly presenting these elements in the actual chapter. 
Although the product-oriented approach to software quality did not produce the desired 
results - it did not solve the software-quality problems in their complexity -, it remained one 
of the main subjects of research for the software quality specialists. The permanent 
awareness of the importance of the software product quality led to the development of a 
product quality related standard in the early nineties: standard ISO 9126 - presented in 
4.3.2.2- was developed using the ideas of the early quality models of Boehm and McCall. 

4.3.2.1 Early models for defining software product quality 

 
The elements defining software product quality and the relationships between these elements 
- as resulting from the trials done for some years - have been summarized for the first time in 
two software quality models developed in the USA, California, in the second half of the 
seventies. One of the models was developed in 1977 by a team of researchers, lead by 
Barry W. Boehm, working at a software house of TRW Systems and Energy Inc. 
[Boehm78]. The development of the other model is connected to the work done in 1978 by 
James A. McCall, who was a project manager of one of the information-systems related 
projects of General Electric [McCall78]. 
The two quality models - referenced as the "Boehm model" and "McCall model" for 
software quality - focus on the final product, and identify key attributes of the product, 
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called quality factors. The quality factors are high-level quality attributes, like reliability, 
usability, maintainability. Both models assume that the quality attributes are still on a too high 
level to be meaningful or to be measurable, therefore further decomposition is needed. This - 
lower- level of the quality attributes are called quality criteria . In a third level of 
decomposition the quality criteria are associated with a set of directly measurable attributes 
called quality metrics17.  
The models are briefly sketched in Figure 4-1. 
In order to understand the models, we have to make some agreements, as suggested by the 
authors themselves. Thus, we have to suppose that any software user is interested in the 
following questions when purchasing a new software: 
- Is the product usable in its present state? 
- How easily can the product be changed? 
- How will it be possible to transfer the product into an other hardware / software 
environment? 
According to the hierarchy reflected by the questions, the two models make use of the 
following three basic principles in classifying a product: 
1. Usability of the product in its present state (in the Boehm model: "as is utility", in the 
McCall model: "product operation"). 
2. Changeability of the product’s functions (in the Boehm model: "maintainability", in the 
McCall model: "product revision"). 
3. Portability of the product into an other hardware-software environment (in the Boehm 
model: "portability", in the McCall model: ”product transition"). 
Starting from the same principles, the two models use a different number of quality factors 
and criteria. Anyway, similarities can be found in the approach of the two models (see 
Figure 4-1). The most differences can be localized in the metrics proposed. 
The relationships among the factors, criteria and metrics can be put in correlation tables. 
These tables can be used in own quality - evaluation methods development. If rates of 
importance are given to the different quality attributes, the tables of correlation give a more 
complete picture about the software product. 
The Boehm and McCall models are typical of fixed quality models [Fenton&97]: we 
assume that all important quality factors needed are a subset of those published in the model. 
To control and measure each attribute, we accept the model′s associated criteria and 
metrics, and, most importantly, the proposed relationships among factors, criteria and 
metrics. 
As an other possible approach, the "define your own quality model" approach can be 
considered [Fenton&97]: we accept the general philosophy that quality is composed of 
many attributes, but we do not adopt a given model′s characterization of quality. Instead, we 
meet with prospective users to reach a consensus on which quality attributes are important 
for a given product. Together, we decide on a decomposition in which we agree on specific 
measures for the lowest - level attributes and specific relationships among them. Then, we 
measure the quality attributes to see if they meet specified, quantified targets. 

                                                 
17 It is worth to mention already at this point that software quality is closely connected to the metrics that measure it. 
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Figure 4-1: Boehm and McCall model for software quality
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4.3.2.2 ISO 9126 
 
For many years, the software users have been looking for a model that would define 
software product quality characteristics in a unique, unambiguous and universally usable 
way. Such a model would have the advantage that it makes it easier to compare a software 
product with another. In 1991 an international standard was proposed for software quality 
measurement: standard ISO 9126: "Software Product Evaluation: Quality Characteristics 
and Guidelines for their Use".  
Standard ISO 9126 was prepared by ISO/IEC JTC 1. (In the field of information 
technology ISO - International Organization for Standardization - and IEC -International 
Electrotechnical Commission - have established a joint technical committee, JTC.)  
The standard itself [ISO9126] explains in its Annex B. the need for a well-defined and 
widely accepted software quality model. It argues that since 1976 much work has been 
done to define a software quality framework: models by McCall, Boehm, the US Air Force, 
and others have been adopted and enhanced over years. However, it is difficult for a user or 
consumer of software products to understand or compare the quality of the software. For a 
long time, reliability has been the only way to gauge quality, but afterwards other quality 
models have been proposed and submitted for use. While studies were useful, they also 
caused confusion because of the many quality aspects offered. Thus, the need for one 
standard model came about. 
This standard is, in fact, a derivation of the McCall model (described in 4.3.2.1), 
decomposing software quality into six factors: functionality, reliability, efficiency, 
usability, maintainability and portability. See the definition used by the standard in Table 
4-1. 
 

Quality 
characteristics 

Definition 

Functionality A set of attributes that bear on the existence of a set of functions and 
their specified properties. The functions are those that satisfy the stated 
or implied needs. 

Reliability A set of attributes that bear on the capability of the software to 
maintain its level of performance under stated conditions for a stated 
period of time. 

Usability A set of attributes that bear on the effort needed to use, and on the 
individual assessment of such use, by a stated or implied set of users. 

Efficiency A set of attributes that bear on the relationship between the level of 
performance of the software and the amount of resources used, under 
stated conditions. 

Maintainability A set of attributes that bear on the effort needed to make specified 
modifications. 

Portability A set of attributes that bear on the ability of software to be transferred 
from one environment to another. 
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Table 4-1: Software quality characteristics as defined by standard ISO/IEC 9126 

Comparing the McCall quality model to the quality model offered by standard ISO 9126, 
we will notice that from McCall's 11 quality factors (usability, integrity, efficiency, 
correctness, reliability, maintainability, testability, flexibility, reusability, portability, 
interoperability) 5 are being used by the standard (reliability, efficiency, usability, 
maintainability and portability), while "functionality" is a new characteristic introduced by the 
standard. In Annex B3 of Standard ISO 9126 we find the requirements according to which 
the standard-preparing committee has chosen the six characteristics described. According to 
this annex, the requirements for choosing the characteristics described were: 
• To cover together all aspects of software quality resulting from ISO quality definition. 
• To describe the product quality with a minimum of overlap. 
• To be as close as possible to the established technology.  
• To form a set of not more than six to eight characteristics for reason of clarity and 

handling. 
• To identify areas of attributes of software products for further refinement. 
Characteristic Subcharacteristics  Definition of subcharacteristic 

Functionality Suitability Attribute of software that bears on the presence and appropriat eness of a 
set of functions for specified tasks. 

 Accuracy Attributes of software that bear on the provision of right or agreed results 
or effects.  

 Interoperability Attributes of software that bear on its ability to interact with specified 
systems. 

 Compliance Attributes of software that make the software adhere to application related 
standards or conventions or regulations in laws and similar prescriptions.  

 Security Attributes of software that bear on its ability to prevent unauthorized 
access, whether accidental or deliberate, to programs and data.  

Reliability  Maturity Attributes of software that bear on the frequency of failure by faults in the 
software. 

 Fault tolerance Attributes of software that bear on its ability to maintain specified level of 
performance in cases of software faults or of infringement of its special 
interface.  

 Recoverability Attributes of software that bear on the capability to re/establish its level of 
performance and recover the data directly affected in case of a failure and 
on the time and effort needed for it. 

Usability Understandability  Attributes of software that bear on the users’ effort for recognizing the 
logical concept and its applicability. 

 Learnability Attributes of software that bear on the users’ effort for  learning its 
application (for example, operation control, input, output). 

 Operability Attributes of software that bear on the users’ effort for operation and 
operation control. 

Efficiency  Time behavior Attributes of software that bear on response and processing times and 
throughput rates in performing its function. 

 Resource behavior Attributes of software that bear on the amount of resources used and the 
duration of such use in performing its function. 

Maintainability Analyzability Attributes of soft ware that bear on the effort needed for diagnosis of 
deficiencies or causes of failures, or for identification of parts to be 
modified. 

 Changeability  Attributes of software that bear on the effort needed for modification, fault 
removal or for environmental change.  

 Stability Attributes of software that bear on the risk of unexpected effect of 
modifications. 

 Testability  Attributes of software that bear on the effort needed for validating the 
modified software. 

Portability  Adaptability Attributes of sof tware that bear on the opportunity for its adaptation to 
different specified environments without applying other actions or means 
than those provided for this purpose for the software considered. 

 Installability Attributes of software that bear on the effort needed to install the software 
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in a specified environment. 
 Conformance  Attributes of software that make the software adhere to standards or 

conventions relating to portability. 
 Replaceability  Attributes of software that bear on the opportunity and effort of using it in 

the place of specified other software in the environment of that software. 

Table 4-2: Suggestions for definition of subcharacteristics given by Annex A of 
ISO/IEC 9126 

The standard claims that the six characteristics chosen are comprehensive: that is, any 
component of software quality can be described in terms of some aspect of one or more of 
the six factors. In turn, each of the six factors is defined as a "set of attributes that bear on a 
relevant aspect of software, and each can be refined through multiple levels of 
subcharacteristics". ([ISO9126], [Fenton&97]). 
The second level decomposition (decomposition of the quality characteristics into 
subcharacteristics) is left undefined in the standard. However, in Annex 1 of standard ISO 
9126- which is not an official part of the standard - some possible definitions of 
subcharacteristics are given (see Table 4-2). Comparing the second level of quality 
characteristics decomposition suggested by ISO 9126 with those suggested by the McCall 
model, we will observe that the standard uses completely other subcharacteristics than 
McCall's "criteria"; only "error tolerance" - given by McCall as a criteria for "reliability" has a 
correspondent in the standard as "fault tolerance", and associated as a subcharacteristic with 
the same "reliability". 
Evaluating product quality in practice requires characteristics beyond the set presented, 
and requires metrics for each of the characteristics. Standard ISO 9126 does not define 
these elements, but it gives some "Guidelines for use of quality characteristics". The standard 
"is applicable to defining software quality requirements and evaluating (measuring, rating and 
assessing) software products" [ISO9126].  
The standard also gives three possible views on software quality, offering this way guidelines 
for important quality characteristics to be chosen in case of evaluating software quality by a 
user, by a developer and by a manager (see Table 4-3). 
 

Viewpoint 
of... 

Interested in... Possible quality characteristics 

User ...using the software, its 
performance, effects of using the 
software 
...not interested in the internal 
aspects of software or how it was 
developed 

• Functionality, reliability, efficiency, 
usability, portability 

Developer ...intermediate product quality 
and final product quality 

• Quality characteristics and metrics 
might differ according to the phases 
of the life cycle 

• Maintainability 
• Final product quality characteristics 

have to be agreed with the user 
Manager ...overall quality 

...not a specific quality 
• Will need to assign weights, reflecting 

business requirements, to the 
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characteristic 
...quality improvement with 
management criteria (schedule 
delay, cost overrun) 

individual characteristics 

Table 4-3: Three possible views on software quality 

Standard ISO 9126 defines a process for evaluating software quality. The process of 
evaluation consists of three stages: quality requirement definition, evaluation 
preparation and evaluation procedure. This process may be applied in every appropriate 
phase of the life cycle for each component of the software product. 
 

4.3.2.2.1 Revision of ISO 9126 
 
Due to the appearance of other standards in the area of product quality evaluation, the 
necessity of revising ISO 9126 standard emerged. Responding to this request, further parts 
of ISO 9126 have been prepared. These are: ISO/IEC 9126-1; Information technology - 
Software quality characteristics and metrics - Part 1.: Quality characteristics and sub-
characteristics (1995) and ISO/IEC 9126-2; Information technology - Software quality 
characteristics and metrics - Part 2: External metrics (1999).  ISO/IEC 9126-3: Information 
Technology - Software product quality - Part 3: Internal metrics was issued in January 
1999. 
The new versions retain the six quality characteristics defined in 9126, but clarify their 
relationship to internal and external metrics.  
In standard ISO/IEC 9126-1.2 ([ISO9126-1.2]) further sub-characteristics have been 
introduced, based on those in the informative annex of the previous version of ISO/IEC 
9126.  
Standard ISO/IEC 9126-1.2 introduces the concept of Quality in use as being "the user's 
view of the quality of an environment containing software, and is measured from the results 
of using the software in the environment, rather than properties of the software itself." It is 
important to notice that "the quality in the user's environment may be different from that in 
the developer's environment, because some functions may not be visible to a user or may 
not be used by a user". The user evaluates only the attributes that are visible during actual 
use. In can happen that the software quality attributes specified by the end user during the 
requirements analysis phase no longer meet the requirements of the user when the product is 
in use. This happens if the user requirements are changing. Difficulty of specifying implied 
needs can also cause the difference. 
The attributes of quality in use are categorized into four characteristics: effectiveness, 
productivity, safety and satisfaction (see Table 4-4). 
 

Characteristic Definition 
Effectiveness The capability of the software product to enable users to achieve 

specified goals with accuracy and completeness in a specified 
context of use. 

Productivity The capability of the software product to enable users to expend 
appropriate amounts of resources in relation to the effectiveness 
achieved in a specified context of use. 
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Safety The capability of the software product to achieve acceptable levels 
of risk of harm to people, software, equipment or the environment in 
a specified context of use.. 

Satisfaction The capability of the software product to satisfy users in a specified 
context of use. 

Table 4-4: Quality in use as proposed by ISO/IEC FCD 9126-1.2 

Standard [ISO9126-1.2] states that "achieving quality in use is dependent on achieving the 
necessary external quality, which in turn is dependent on achieving the necessary internal 
quality. Measures are required at all three levels." 
4.3.3 Process oriented approaches towards software quality 
 
In this part we present elements of another possible way of approaching software quality: 
the process oriented approach.  
A well-known framework for process assessment is the Capability Maturity Model of SEI 
(4.3.3.1), and Bootstrap (4.3.3.3), an extension of the CMM developed by an European 
Community ESPRIT project. Besides Bootstrap, other process assessment methods have 
been worked out (see ([Fenton&97], chapter 13.).  

4.3.3.1 CMM 
 
Studying the software development process, the Software Engineering Institute (SEI) 
produced some reports from which resulted that some software development processes are 
"more mature than others" (see [Humphrey89], [Fenton&97]).  

Level Characteristics  Elements 
1. Initial The software process is characterized 

as ad hoc, and occasionally even 
chaotic. Few processes are defined, and 
success depends on individual effort and 
heroics. 

 ? 

2. Repeatable  Basic project management procedures 
are established to track cost, schedule 
and functionality. The necessary process 
discipline is in place to repeat earlier 
successes on projects with similar 
applications. 

Requirements Management 
Software Project Planning 
Software Project Tracking and 
oversight (in earlier versions: 
Project Management) 
Software Subcontract 
Management 
Software quality assurance 
Software configuration 
management 

3. Defined The software process for both 
management and engineering activities is 
documented, standardized and integrated 
into a standard software process of 
the organization. All projects use an 
approved, tailored  version of the 
organization’s standard software 
process for developing and maintaining 
software. 

Organization Process Focus 
Organization Process 
Definition 
Training Program 
Integrated Software 
Management 
Software Product 
Engineering 
Intergroup Co-ordination 



 47

Peer Reviews 
4. Managed Detailed measures of the software 

process and product quality are 
collected. Both the software process 
and products are quantitatively 
understood and controlled. 

Quantitative Process 
Management 
Software Quality Management 
 

5. Optimizing Continuous process improvement is 
enabled by quantitative feedback from 
the process and from piloting innovative 
ideas and technologies. 

Defect Prevention 
Technology Change 
Management 
Process Change Management 

 

Table 4-5: Characteristics and elements of software organizations situated on 
different levels of CMM 

While some organizations have clearly-defined processes, others are more variable, 
depending significantly on the people who work on the different projects. The SEI suggested 
that there are five levels of process maturity, ranging from ad hoc (the least predictable and 
controllable) to repeatable, defined, managed and optimizing (the most predictable and 
controllable). 
The Capability Maturity Model (CMM) was developed by SEI to assist the Department of 
Defense in assessing the quality of its contractors. CMM had its beginning in the process 
maturity model, where an organization was rated on an ordinal scale from 1 (low) to 5 
(high), based on 110 questions about the development process. If any of the questions 
required to a specific level was answered "no", then the organization was assessed at a 
lower level, regardless answers to other questions.  
The CMM has been subject to changes and updates. Actually, the companies situated on 
different maturity levels are supposed to have the following characteristics and specific 
elements (called Key Process Areas) (see Table 4-5, according to [Humphrey89], 
[Paulk95]). 
For most software companies levels 2 and 3 of CMM are very important ones: the 
majority of the companies are situated somewhere between level 1 and 3 in this 
model, trying to reach a higher level of maturity. This fact can be seen from the very fact 
that characteristics, elements of level 4 and 5 are much less complete, than those of levels 2 
and 3: there is little experience with level 4 organizations, and almost no experience with 
level 5 organizations. See [Fenton&95], and [Fenton&97] pp. 470., and Table 4-6 together 
with Table 4-7 taken from [Rahardja96].  

 
CMM- level Sites 

Initial 81% 
Repeatable  12% 

Defined 7% 
Managed 0% 
Optimizing 0% 

Table 4-6: Maturity profile of 58 sites in 1991 

 

CMM level Sites 
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Initial 73% 
Repeatable  16% 

Defined 10% 
Managed 0.6% 
Optimizing 0.3% 

Table 4-7: Maturity profile of 58 sites in 1994 

CMM level Sites 
Initial 34.9% 

Repeatable  38.2% 
Defined 18.5% 

Managed 5.5% 
Optimizing 2.9% 

Table 4-8: Process Maturity Profile of the Software Community, August 2000  

SEI annually produces a report about the process maturity profile of the software 
community. (The report can be found on the Internet address 
http://www.sei.cmu.edu/sema/profile.html). According to the 2000 August update of this 
report, 901 software companies have been assessed since 1996, having the maturity profile 
as seen in Table 4-8. 
To be noted that the number of the software companies situated on levels above 1 started to 
increase. 
As one can observe from Table 4-5, the CMM model suggests that measurement can be 
done beginning with level 4. However, it is argued (e.g. [Pfleeger95]) that measurement 
can be started on lower levels. We agree with this argument, because the levels of CMM 
reflect, in fact, the visibility of the process at a company. The better the visibility into the 
process is, the higher maturity level characterizes the organization. At level 2, for instance, 
the process is like a black box, and only input, output, constraints (such as budget and 
schedule) and the resources used to produce the final product are identified. Measurement 
started at this level (of course, selecting and collecting the right metrics) can help in a better 
understanding of the process, e.g.  in identifying the subprocesses.  

4.3.3.2 Projection of CMM on the human factor  

 
In this section we briefly present a theory which we consider interesting, because of the 
parallel that can be drawn with the CMM. The source where the whole theory is described 
is [Weinberg92].  
According to this theory, an organization has better chances to reach higher maturity levels 
if, besides those of the processes, the “maturity” of the human factor is analyzed. 
Studying the "human factor" that builds software products i.e. people involved in software 
production, the author identified six software subcultural (thinking) patterns. According to 
the author, the thinking patterns are in connection with the maturity of the organization in 
which the people do their work. The thinking patterns are characterized by the degree of 
openness they show. Thinking patterns consist of models. The name of the thinking patterns 
and their basic characteristics are given in Table 4-9. Although we are tempted to think that 
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only patterns 3-5 can be successful, Weinberg states that any pattern can be a success, 
given the right customer. 
The more mature a pattern is, the more openness it shows towards any kind of improvement 
/ change. An organization grows more mature as the thinking patterns of the people working 
in the organization change and grow more mature. As the goal is to change the thinking 
patterns of the human factor - in order to change the maturity level of the organization -, 
recognition of the existing thinking pattern and knowing the characteristics of the next pattern 
is important. The "new" model (i.e. the model characterizing the pattern next to the current 
on) can be used to change thinking patterns. 
Weinberg quotes Bill Curts (“The Human Element in software quality”, 1990), who noticed 
that a classification parallel to CMM could be made simply on the basis of the way people 
were treated within the software organization. Curts proposed a software human 
resource maturity model, with the following five maturity levels: 1. Herded, 2. Managed, 3. 
Tailored, 4. Institutionalized, 5. Optimized. 
 
 

 

Nr
. 

Pattern 
name  

Pattern characteristic Model of the pattern 

0.  Oblivious  ‘We don’t even know that we’re 
performing a process’ 

Is only open as the individual is 
open.  

1.  Variable  ‘We do whatever we feel like at 
 

Is open to exchange of 
information between developer 
and user. 

2. Routine  ‘We follow our routines (except 
 

Is open to information from the 
manager to developer and user. 

3.  Steering  ‘We choose among our routines 
by the results they produce’ 

Is open in all directions for 
information about the product. 

4.  Anticipating  ‘We establish routines based on 
our past experience with them’.  

Is open in all directions for 
information about the process. 

5.  Congruent  ‘Everyone is involved in improving 
everything all the time’. 

Is open in all directions for 
information about the culture. 

Table 4-9: Weinberg's thinking patterns 

This classification, together with Weinberg's thinking patterns, helps to identify the changes 
in the way people think in an organization. "When the thinking changes, the organization 
changes and vice versa" - states Weinberg.  
Knowing that changing the thinking patterns is necessary to move the organization to a 
higher level of maturity, an important question is when a pattern can be changed. The 
question can be answered by recognizing the necessity / existence of certain features of the 
human character. According to Weinberg, one can expect a change in the thinking patterns 
only if the people possess the necessary features. What is necessary to move from one 
pattern to another depends also on which move the organization is making. When moving 
from one pattern to another, the human character features presented in Table 4-10 are 
necessary.  
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Changing ... Necessary human character features 
from 0 to 1  Humility, produced by exposure to what others are doing. 
from 1 to 2  Ability, produced by technical training and experience. 
from 2 to 3  Stability, produced by quality software management. 
from 3 to 4  Agility, produced by tools and techniques. 
from 4 to 5  Adaptability, produced by human development. 

Table 4-10: Human character features necessary to move to a more mature 
thinking pattern 

In characterizing an organization, the way its managers are thinking is an important element 
to be considered. On the basis of the six thinking patterns presented, management 
patterns can be characterized. 
Weinberg states: "Patterns of software culture don’t just happen. They arise from the nature 
of software itself interacting with the nature of human beings. In particular, they arise from 
the struggle of human beings to control the software process." Hence, the name of 
management patterns. The different maturity levels of an organization are characterized by a 
certain management pattern. For example: in pattern 3, management’s job is to control a 
process that produces a desired product. Management plans what should happen, then 
observes what actually happens; management’s actions are designed on the basis of the 
differences between the planned and the actual result, then are fed back into the process 
being controlled. 
Management patterns are characterized by the way of observing and reasoning about 
errors. One of the reasons organizations have trouble dealing with errors is the many 
conceptual errors they make concerning them (e.g.: no clear distinction between fault, 
failure, defect...) Quality is not the same as absence of errors, but the presence of many 
errors can destroy any other measures of quality. 
Well-functioning organizations can be recognized by the systematic way they use faults and 
failures as information to control their processes. According to Weinberg, the most 
important thing is to catch the faults behind the failures. A mature organization will have a 
maturely thinking management. In such an organization the faults will be analyzed and the 
experience used in improving further processes. 

4.3.3.3 Bootstrap 

 
The Bootstrap methodology is an extension of the CMM, developed by a European 
Community ESPRIT project, between September 1991 and February 1993.  
The mission of Bootstrap was "to lay the groundwork for technology transfer programs in 
order to help software producers and users introduce new methods and tools for software 
development and maintenance" [Kuvaja&94].  
The purpose of the Bootstrap methodology is to provide a European approach for 
assessment based software process improvement. Bootstrap uses two main sources: SEI's 
CMM (4.3.3.1) and the ISO 9001 standard, together with its application guidelines for 
software, ISO 9000-3 (3.3 ). Of course, other standards (IEEE, DoD, NATO standards) 
are also referenced by Bootstrap. Since February 1993 the methodology is being managed 
and developed by European Economic Interest Group, named Bootstrap Institute. The 
Bootstrap process architecture identifies process areas, processes and practices that are 
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required both for the software producing unit (further: SPU) and for software projects. An 
SPU and its projects are the objects of the assessment activities. Both of these objects 
contain three process area categories: organization, methodology and technology (the 
order of enumeration reflects the rates of importance given by the methodology to the 
different categories: organization is the most important, technology is the less important 
category).  
The Bootstrap process architecture is structured as a tree, that identifies objects, main 
categories of process areas, process areas, processes and base practices which are then 
described from the perspective of the SPU and the software project.  The process 
architecture is shown in Figure 4-2. See further details in [Kuvaja&94], [Bíró97].  
The process area categories and the process architecture are reflected in the questionnaires 
of the Bootstrap methodology. There is a set of questionnaires for the SPU and a set of 
questionnaires for the projects. The Bootstrap assessment has as a main part answering to 
the questions of the questionnaires. 
A Bootstrap assessment is carried out by a specially trained and assessed group of 
Bootstrap-assessors. The assessment begins with an introductory presentation of the 
methodology, than the questions regarding the SPU are answered by a member of the 
management, while project-related questions are answered separately by the managers of 
the projects that are being assessed. The procedure continues with the evaluation of the 
answers and preparing the assessment report. The report contains the evaluation of the SPU 
and the assessed projects, associating capability maturity levels to both the entire SPU / 
projects and the different process area categories. The assessment report is presented to all 
participants in the assessment. The same time an action plan is presented, containing the 
analysis of the strengths / weaknesses of the SPU and the different projects, regarding the 
organization, methodology and technology aspects, as well as the improvement activities to 
be done in order to reach higher maturity levels.  
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Figure 4-2: The Bootstrap process architecture  

The Bootstrap assessment differs from an ISO-assessment mainly in the fact that there is no 
"passed" and "rejected" organization, but a certain maturity level is associated to the 
organization and the assessed projects. An important advantage of the Bootstrap 
assessment is the action plan for improvement, which helps the company in understanding 
its weak parts and thus in correcting the weaknesses. A Bootstrap assessment can help 
a company in evaluating how far from an ISO-assessment it is. Generally it is considered 
that companies situated around level 3 of CMM are likely to obtain ISO-certification 
(there is no formal equality or correspondence between ISO and Bootstrap!). However, 
Bootstrap is also helping software companies situated above ISO-requirements.  

4.3.3.4 ISO 15504 , SPICE 

 
ISO/IEC 15504 [ISO15504] has been prepared by Sub-Committee 7 of ISO/IEC JTC1. 
In June 1993 the SPICE (Software Process Improvement and Capability dEtermination) 
project was established with a mandate from JTC1/SC7 to assist the standardization project 
in its preparatory stage to develop initial working drafts, to undertake user trials in order to 
gain early experience data which will form the basis for revision of the published Standard 
prior to its issuing as a full International Standard,  and to create market awareness and 
take-up of the evolving standard.  
SPICE is intended to extend and harmonize the existing approaches ([Rout95], [Bíró97], 
[Fenton&97]).  In the following, ISO 15504 and SPICE are used by us as synonyms. 
ISO/IEC 15504 provides a framework for the assessment of software processes.  This 
framework can be used by organizations involved in planning, managing, monitoring, 
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controlling, and improving the acquisition, supply, development, operation, evolution and 
support of software.  
While CMM is applied to organizations and it is a staged model (it looks to certain key 
process areas on certain maturity levels only), SPICE focuses on individual processes and it 
is a continuous model [Hamilton2000]. In CMM there is, in fact, one process, which 
includes the people, technology, tools, and, on different CMM maturity levels certain key 
process areas are present. In SPICE, the “process” can be any process chosen by the user. 
See Table 4-11 for a list of possible process categories identified. 
 
Process category  Brief description 
Customer-Supplier Processes that directly impact the customer, support development 

and transition of the software to the customer, and provide for the 
correct operation and use of the software product and/or service. 

Engineering The Engineering process category consists of processes that directly 
specify, implement, or maintain the software product, its relation to 
the system, and its customer documentation. In circumstances where 
the system is composed totally of software, the Engineering processes 
deal only with the construction and maintenance of such software. 

Support Processes that may be employed by any of the other processes 
(including other supporting processes) at various points in the 
software life cycle. 

Management Processes that contain generic practices that may be used by anyone 
who manages any type of project or process within a software life 
cycle. 

Organization Processes that establish the business goals of the organization and 
develop process, product, and resource assets that, when used by 
the projects in the organization, will help the organization achieve its 
business goals. 

Table 4-11: Process categories used by ISO 15504 

The processes are decomposed into process components: inputs and outputs, process 
purpose, defined activities, roles and responsibilities, control points, process measures, 
performance expectations, required competencies.  
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Figure 4-3: The dimensions of the ISO 15504 (SPICE) reference model 

According to SPICE, any process can be assessed against the SPICE Capability Levels, 
which are: level 0: not performed; level 1: performed; level 2: predictable; level 3: 
established; level 4: managed; level 5: optimizing.  
Evolving process capability is expressed in terms of process attributes, which are in turn 
grouped into a series of capability levels.  Each capability level represents an incremental 
evolution in the management and control of the processes, so that the assessment models 
provide a road map for increasing capability [ISO15504]. The capability dimension defines 
a scale of five levels of capability characterized by a set of nine process attributes. Figure 
4-3 shows the two dimensional structure of the reference model defined in ISO15504-2. 
 

4.4 Activities performed at IQSOFT 
 
IQSOFT always searches opportunities to work in international projects. In January 1995 it 
was member in a Tempus project. The work done in this project - which was about 
software quality management - resulted in widening the understanding about software 
quality. It was not yet obvious what the wider look meant, but we started to understand that 
ISO 9000 was not the only and the best solution towards our problems.  
While discovering new models and possibilities to build a functioning software quality 
system, at IQSOFT the confidence in the success of any quality system started to decrease. 
The skepticism of the management resulted in a – not officially declared - disinterest 
regarding the whole quality management philosophy. 
On the other hand, the year 1995 was a consolidation of the theoretical basis in quality 
management. The literature presented in 4.3 was consulted.  
We learned that software quality was not about processes only. Products and resources 
have to be taken into account, as well. The definitions of software quality given by Garvin 
(1.5) were discovered, Fenton's entities (4.3.1) were understood, as well as the need to 
define their quality attributes, and the need to measure those quality attributes. 
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It became obvious that there was no universally applicable approach, and most 
probable, some combination of existing approaches should be taken into account. To have 
the necessary knowledge about existing approaches some kind of structure to understand 
them would have been needed, which would have made it possible to select the needed 
elements. Guidelines to help a good selection would have been an excellent aid, as well as 
guidelines that help applying the different approaches. Such guidelines would be needed as 
the approaches offered by literature were rather complex and in many cases they contained 
just a theoretical description. 
The shortcomings of the approaches suggested by the literature became obvious. The 
problem described in the introductory chapter of the thesis has been identified. 
 

4.5 Results  
 
Phase 2 of the case study consisted mainly in literature research. In fact, the biggest part of 
the documentation listed in the ”Bibliography, references” section of this thesis was 
consulted in this period. CMM characteristics ([Paulk95]), ([Pfleeger95/2]), ISO 9126 
([ISO9126]) standard were learned. It started to become obvious that the problem (building 
a useful quality management system that still respects the standards) was more complex than 
we thought.  
However, in this phase nothing was built in terms of IQSOFT’s quality management system 
and no visible step has been done in the quality -oriented work. 
 

4.6 Lessons learned in this phase  
 
The lessons learned in this phase were more important than the concrete results. 
We understood that software quality issues were related not only to processes but products 
and resources also have to be taken into account. Discovering Fenton's entities helped in 
understanding the shortcomings of ISO 9000: it strongly suggests a process-oriented 
approach, thus covering just a part of software quality issues.  
In the approaches found in literature the idea that the quality of the identified items can be 
defined in terms of quality attributes appears many times (e.g. [ISO9126] helps 
identifying product quality attributes). The case studies, ”caution tales”, best practices 
described in literature (e.g. [Bache&95], [Basili&88], [Basili95a], [Carr&93], [Clayton95], 
[Dion92], [Fuchs95], [Gintell&95], [Györkös94], [Hetzel95], [MacDonal&95], 
[Marzano&95], [Qiu95], [Weinberg92], [Weinberg93], [Weinberg94]) were also of real 
help, showing that many software companies face the same problems IQSOFT faced when 
starting to deal with quality. 
 Summarizing: according to literature18, there are many approaches, standards, models that 
deal with software quality.  These approaches  take into account different entities, detailing a 
certain aspect of software quality. 

                                                 
18 See, for instance: [Basili95a], [Bíró97], [Boehm78], [Dion92], [Fenton&95], [Fenton92], [Fuchs95], [Gillies92], 

-3], [ISO9001], [ISO9126], 
[Kusters&93], [McCall77], [Paulk95], [Pfleeger&94], [Pfleeger95/2], [Rahardja96], [Rout95], [Trienek&94], 
[Trienek92] 
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It is difficult to know and understand all the approaches about software quality described in 
literature, and more difficult to see the relationships among them.  Some common elements 
have to be found as a starting point. 
What results from all approaches is that when talking about software quality, it is wise to 
identify the entities that play an important part in software production, to identify 
their quality attributes and to be sure that quality attributes have values of the 
requested level.  It is suggested to evaluate quality attributes in one way or another. 
Measurement helps in evaluating quality attributes, and in literature we find suggestions to 
use metrics for this purpose. 
Having looked to many approaches connected to software quality, we will remark that 
every approach is basically connected to one or more of three types of entities. These three 
classes of entities whose quality attributes contribute to the quality of the software were 
described by Fenton in [Fenton92] as being: processes, products and resources.  
We think that for a good understanding of the subject the definitions of the three entities 
have to be given. The entities have quality attributes. 
We make the choice of inclu ding definitions and quality attributes among the 
important elements of the subject of software quality.  
According to these, we construct a matrix to place the important elements of software 
quality. 
Horizontally we place Fenton’s entities: process, product and resource . We call this 
dimension the “object” dimension. Vertically we place the items that “tell something” 
about the entities: definition, quality attribute. Due to the fact that all these elements 
are connected to quality specification, we call this dimension the “quality 

 
In consequence, we decided to put the basic elements that software quality is dealing with in 
the matrix presented in Figure 4-4. We call this matrix the "chosen quality framework". 
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Figure 4-4: The chosen quality framework 
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It is important to notice that in Figure 4-4 only the nodes bear a meaning. This way we have 
nodes of process definition, product definition, resource definition. We expect to have 
statements that tell what a process, a product or a resource is by definition. Fenton's 
definitions - presented in 4.3.1 - can be considered as starting point. 
On the second level of the quality specification axis the elements process quality attribute, 
product quality attribute and resource quality attribute are placed. Here the concrete 
quality attributes can appear. It is rather difficult to identify relevant quality attributes, but e.g. 
ISO 9126 does this for the entity "product". Other approaches found in literature may 
identify quality attributes of other entities. 
At IQSOFT it was difficult to keep in mind the information about all models, standards, 
approaches studied. We noticed the need of an aid that would help in approaching the 
elements found in literature in a structured way.  
An other thing we noticed was the fact that all models, approaches, standards found in 
literature cover just a part of software quality issues: a unified, balanced view on all 
the important elements is missing. There would be probably wise to select elements from 
more models and integrate them in the own case. The difficulty of selection among the many 
elements of the many approaches found is an other basic problem. The need for a set of 
guidelines emerged. The guidelines would tell a company just starting to deal with software 
quality what elements to pick up from literature, and would guide the company to make 
order, to achieve good quality in small steps.  
 

4.7 Conclusion 
 
In this chapter we presented issues connected to phase 2 of the case study run at IQSOFT 
Ltd.   
The description made started from the analysis of the existing situation. Afterwards, the 
approaches found in literature, consulted in this period were sketched. The activities 
performed at IQSOFT were described in 4.4, their results were written in 4.5. Important 
are the lessons learned in this phase (described in 4.6), as they provided the understanding 
to put IQSOFT’s all quality-oriented activities to a new basis. 
The problem formulated in 1.6 became clear by the end of phase 2. 
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5 Case study phase 3 : “The successful recommence” 

5.1 Introduction  
 
In this chapter we present the third phase of the case study run at IQSOFT Ltd.   
The phase called "the successful recommence" lasted from late 1995 to mid 1997, and, as 
seen from its name, it was successful.  
The situation existing (described in 5.2) at start of the phase was favorable to doing quality-
oriented work: in December 1995 IQSOFT won an EU-PHARE tender. This opportunity 
was used to introduce a company-wide project management system. As a consequence of 
the decision, the theory of project management methodologies was studied (see 5.3)  
Although the whole project (see 5.4 and 5.5) was referring only to project management, 
new ideas about re-organizing the quality-oriented work were important spin-offs of the 
project (details in 5.6).  
 

5.2 Assessment of the existing situation 
 
This phase had its origin in a lucky chance: in December 1995 IQSOFT won an EU-
PHARE tender connected to “Technology Development and Quality Management 
(TD&QM)". Itself the fact that IQSOFT participated in the competition shows that the 
management was wishing to continue quality-oriented work.  
Winning the tender, the obligation to plan and carry out a project, reporting its progress 
towards an international organization already induced a certain level of commitment of the 
stakeholders.   
IQSOFT management decided to use this opportunity for introducing a project 
management system at IQSOFT, and was strongly supporting the idea. A project was 
started to carry out the activities, thus insuring the participation of a number of employees in 
the work. The project was called IQpm²  (Process Improvement Experiment). 
The management declared the high importance of the project. Employees were kept 
informed about the evolution of the project, many of them being involved in the activities of 
the project. This fact gave them the feeling that they were allowed to construct the way they 
will be working, and there was no outside method enforced. From the hostile or indifferent 
behavior towards the quality oriented work, by the end of the project the negative attitudes 
started to change. The employees saw that it was possible to work out and use 
prescriptions that helped their work. 
During this phase a quality department has been established. It was formed only by 1 
employee, but the project run in this phase enforced the implication of top and middle 
management in the quality-oriented work. 
The customers and competitors were not taken into account when the project was started. 
The need to build a project management system was an internal one – although first 
generated by the opportunity of winning a tender in the field of quality management. After 
the project was started, customers and competitors were kept informed about it (e.g. in 
newspapers, conferences). Taking into account the feedback obtained, the project proved 
to be a good marketing element. 
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Regarding the sense of priority, building an internal project management system was 
declared a high priority activity. As a project was started to execute the activities, a project 
plan was made, containing precise timing (start date, end date, milestones, phases, 
activities). This made the sense of time  become obvious.  
The purpose was very clear, and formulated as the goal of the project started: to build up 
and introduce the company’s project management system. Although understanding the 
purpose was aided by the existence of the project, with all up-and-downs of the quality-
oriented work done at IQSOFT, by the beginning of 1996 an official viewpoint was 
formulated, independently from the Phare project. The scope of all quality-oriented work at 
IQSOFT was declared to be "bringing order in all fields of the company's activities, 
starting with project management and including software production as well as the 
totality of activities done at the company". Obtaining ISO 9001 registration has been 
regarded as a possible outcome of these activities, a desirable, but not a primary one. 
In terms of structure , the decision not to build an entire quality management system, but 
just a part of it, shows a certain level of understanding of the problems. We understood the 
need of taking smaller steps instead of trying to bridge the huge gap between ISO 
9001 prescriptions and our actual situation.  
The precise understanding of what was to be done was not there in the beginning. But the 
project had a phase of identifying the company’s needs, therefore it was ensured that we will 
have the necessary understanding. And we had it. After understanding the needs, the 
management and the employees had the capability to develop the project management 
system fitting the company’s own need. So, by the middle of this phase we had a well 
defined structure of a project management system, that was result of an analysis: the needs 
for project management standards and procedures was analyzed at the company.  
 

5.3 Literature consulted in this phase 
 
As the project started in this phase was about building a project management system at 
IQSOFT, it was normal to study the theory of project management methodologies. In this 
part we present some elements connected to this issue. 
 
5.3.1 Project management oriented approaches 
 
In many cases the activities done at a company are executed in projects. Although many 
different definitions of the term “project” exist, we consider that a project is the totality of 
activities performed with a well-defined scope, within time and budget limits, using 
certain resources. All activities have the basic target to produce a certain product or to 
provide services defined as scope of the project. The product or service must be of a 
certain quality level.  
Project management is a special type of activities done in software development: it is the 
totality of activities carried out for successful completion of the project. As the project is 
successful if it reaches its scope, that is: it produces the desired product or offers the desired 
service having the desired quality, we may state that project management activities are 
basically about quality. They have to ensure that quality issues are taken into account and 
satisfied.  



 60

Project management is concerned with things like project planning, monitoring and recording 
progress, with the project organization, budget and timing. Project managers are not always 
interested in detail in the technical activities of the project (e.g. is it a software development 
project or a system integration?); their task is to assure that a project will produce the 
desired results having the required quality, within the time and budget allocated. 
In the beginning of the age of computers project management was less needed: the 
developed programs were small and the teams working on a certain software development 
were formed of few people. As the size of the developed software grew, its complexity also 
evolved. Nowadays it is almost impossible to imagine that any software could be developed 
by single people. The importance of managerial aspects grew also due to the increased 
number of software users: it needs special effort and abilities to keep contact with the 
customers, to  develop and fulfil contracts. 
All the previously mentioned elements contributed to recognition of the fact that software 
projects have to be managed in a professional way. Experience gained and the needs 
formulated took the specialists to development of project management methodologies. 
These methodologies are, in fact, checklists, guidelines that specify what should be done and 
in which order to successfully manage projects. Using project management methodologies 
requires, first of all, changes in the way of thinking of a company. 
The basic elements any project management methodology is concerned with are: 
organization, planning, controlling, products (which, in this context are: plans, reports, other 
documents), management activities. 
The project management methodologies describe the phases of the project from 
management point of view, the activities associated to each phase, the organizational 
structure needed for the phase / activity, the inputs, outputs, documents for each phase / 
activity, the controlling mechanism of the phase and so on. 
One of the most known project management approaches is PRINCE (Project Run in 
Controlled Environment [PRINCE]). It was developed in 1991 by LBMS (Learmonth and 
Burchett Management Systems), as a recommendation of the Informatics Department of the 
British government, but it is used outside the government, as  well. PRINCE, by definitions, 
gives managerial support for projects using SSADM development methodology, and 
supports using configuration management and CRAMM (CCTA's Risk Analysis and 
Management Methodology). The methodology has chapters about organization, plans, 
controlling, products and activities, project documents. In case of processes / activities it 
describes the concepts used, the activities to be done, the input/output of the activities, the 
organizational structure required, the needed documents. 
Nowadays many project management methodologies exist. Some of them (like PRINCE) 
claim that they are applicable to any type of project, in any organization. Others have been 
developed to be used in a specific type of project (eg. software development projects - like 
the project management part of SSADM 4+) or at a specific organization (like PROPS -
Projected Project Steering- developed for the projects of Ericsson company).  
PROPS - according to [PROPS]- focuses on business for a multi-project environment. It 
gives comprehensive support from documentation and document templates, available both 
printed and online. PROPS enables the user to focus on business and achieve greater 
customer satisfaction by reducing lead-time, time-to-market and time-to-customer.  The 
methodology uses the interesting concept of "projectivity", which is a kind of measure of the 
level of maturity, in terms of project management, of a company. The word "projectivity" 
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expresses the fact weather a company is able or not to work in projects, achieving this way 
it's business and social goals. There are 6 key-elements of projectivity: working atmosphere, 
project culture, project management, organizational structures, development strategies, 
program management. The more elements are in place, the higher the projectivity of the 
organization is. 
An organization wishing to use a project management methodology can either use one 
existing methodology or develop its own methodology. In 5.4.1 we argue for the 
development of own project management methodologies, presenting an own experience in 
this field. 
In both cases the specificity of the company's activities has to be understood and the project 
management system has to be used in a customized way. 
 

5.4 Activities performed at IQSOFT 
 
In this part we describe the activities performed at IQSOFT in the third phase of the case 
study. In fact, we describe the Phare project started to build the company’s project 
management system. 
 
5.4.1 The IQpm²  project 
 
As mentioned before, IQSOFT’s IQpm²  (Process Improvement Experiment) project was 
executed as result of winning the EU PHARE tender "Technology Development and Quality 
Management (TD&QM)" 
As IQSOFT management was aware of the fact that the introduction of any kind of a 
methodology was difficult at once, the guidelines provided by a structured methodology for 
introducing a project management methodology were used. Taking into account the former 
co-operation with Lucas Management Systems and the knowledge in Artemis Project View, 
PM² methodology of Lucas Management Systems (UK) - later transformed into Artemis 
International - and distributed in Hungary by Metier Plancon (NL) was chosen for 
supporting the project. 
(Based on the experiences of an international network of more than 150 consultants, 
Artemis has combined a formalized set of workshops, training programs, and interactive 
sessions into a structured methodology, called pm²(Project Management Methodology). 
This experience is complemented by Artemis’ software products19.) 
The IQSOFT Process Improvement Experiment project, identified as IQpm² , started in 
February 1996 and finished on the 30th May 1997. The project team was composed by a 
project owner (the technical director of IQSOFT), a project leader (head of the service 

                                                 
19 To minimize the risks associated with implementation, Artemis has developed a Structured Approach  built around a 
comprehensive and complementary suite of services that take into account each aspect of project management, 
thereby ensuring alignment with the organization's strategy and business objectives. Artemis' pm² services bring focus 
and consistency to project management consulting, and each service delivers a set of documents which become essential 
elements of the total solution. The services have been designed as elements of a complementary suite enabling broad 
issues to be broken down into focused activities; however, the Structured Approach can be adapted to each 
organization's specific needs, and certain services can be delivered as discrete consulting assignments where appropriate. 
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department), one external consultant from Metier Plancon and several project members. 
The technical work was planned and executed mainly by the author20. 
The primary objectives of the IQpm² project were: 
• To implement a comprehensive project management system for software projects at 

IQSOFT Ltd., using Lucas Management System’s structured methodology pm². 
• To analyze and document the IQpm² results as they relate to quality and cost 

improvements. 
• To establish a project management system at IQSOFT (supported by a software tool; 

preferably Artemis Project View) which will provide a software industry model.  
• Gaining experience in the product “Artemis Project View” (IQSOFT Ltd. is a distributor 

for Artemis Project View and provides training and assistance for its customers.), related 
methodologies, and associated software tools. 

• Since IQSOFT Ltd. can be classified as a typical software company, the IQpm² results 
were probable to be transferable to other software companies. 

 
5.4.2 Evolution of the IQpm²  project 
 
The activities of the IQpm² project were performed in the sequence suggested by the pm² 
methodology. 
The basic phases (workpackages) were: 
• WP1: Awareness and Requirements Gathering 
• WP2: Project Management Standards and Procedures 
• WP3: Solution Definition and Implementation 
• WP4: Baseline Projects 
• WP5: Measuring and Evaluation. 
Adding milestones suggested by key events, the high-level project plan was the one 

presented in Figure 5-1. 
 

Figure 5-1: IQpm²  project plan 

                                                 
20 The existence of this project improved my position at IQSOFT. I was asked to work 4 days a week at the company, 
and my salary has been raised. (I continued to be a ”Ph.D. student” one day a week, until I finished my studies in July 
1997. I was hired at IQSOFT in January 1997, and became a full-time employee after finishing the Ph.D. studies.) 
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5.4.2.1 Phase WP1 

 
WP1 phase started on the 1st. of February 1996. and ended on the 5th. of May 1996. 
The scope of the phase was to awake consciousness in the members of the company 
regarding needs for project management issues and to define those needs. 
Phase WP1 started with Project Kick-Off, followed by a Project Management 
Awareness Workshop, held between the 1st to 16th of February 1996. The Workshop 
was run in concordance with the pm2 methodology guidelines, having the external consultant 
as leader and IQSOFT IQpm2 project team as participants.  
IQpm2 Project Proposal was finalized on the 19th of February 1996. This document was 
edited according to pm2 methodology guidelines, in a format that became a model for further 
IQSOFT-project proposals. 
Project Management Needs Analysis sub-phase started on the 19th of February 1996 
and ended on the 29th of March 1996. After a preparation (understanding the essence of 
the interview-technique suggested by pm2 methodology for data-gathering, preparing the 
interview-questionnaires) data collection followed. 
IQSOFT management (managing director, technical director, financial director, marketing 
director) and 8 project leaders were interviewed. Interview reports were produced, which 
were given to the interviewees for conformity.  
After finishing the interviews, their results were analyzed. The result of the analysis was made 
public in a Presentation (29th of March 1996.) 
Definition sub-phase started on the 1st of April 1996 and ended on the 19th of April. 
Although pm2 methodology suggests running another (more detailed) set of interviews, 
IQpm2 management decided to have less formal discussions instead, as practically all 
project-management-related problems and needs were defined in the Analysis sub-phase. In 
consequence, open questions and suggestions of the formerly interviewed persons were 
presented in a structured way to those interested and remarks, suggestions were taken into 
account.  
Project management needs definition was agreed by IQSOFT IQpm2 project team. This 
agreement can be considered as one of the main milestones of the project: consensus was 
obtained about the necessity and usefulness of a project management system, as well 
as about the basic contents of such a system. It also became obvious that a detailed 
description of roles and responsibilities at the company was needed.  

5.4.2.2 Phase WP2 
 
Phase WP2 was started after these agreements, on the 22nd of April 1996 and ended on 
the 21st of October 1996. Main goal of this phase was to develop and document 
IQSOFT’s own Project Management Standards and Procedures. The work was strictly 
based on results of WP1. Needs definition document was edited in first version on the 19th 
of April and finalized by the 6th of May 1996.  
In WP2- Project Management Standards and Procedures phase the following main 
results were obtained: 
The IQSOFT Project Management Standards and Procedures Handbook  was made 
public and was subject to discussions and comments. The Handbook was modified 
according to the comments. A presentation of the IQSOFT Project Management 
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Standards and Procedures was done on the 3rd of September 1996. On this presentation 
potential project - leaders of  pilot-projects were invited. At the end of the presentation the 
IQSOFT Project Management Standards and Procedures Handbook was accepted. 
Education and Training sub-phase started on the 7th of September. Implementation sub-
phase of WP2 started on the 16th of September and ended on the 21st of October. During 
this sub-phase selection of pilot projects were approved and their project teams were 
familiarized with all aspects of IQSOFT Project Management Standards and Procedures. 
Deliverable of this phase:  
• Description of IQSOFT organization, and position, function, role, responsibility of 

the staff, including complete list of skills and experience required to fulfill a certain 
position (this description was an important side-result of the IQpm2 project). 

• IQSOFT Project Management Standards and Procedures Handbook. The work 
done was based on Project management needs definition and discussions with project 
managers. The IQSOFT Project Management Standards and Procedures Handbook 
was made public and was subject to discussions and comments. The Handbook was 
modified according to the comments. To be noted, that  IQSOFT Project Management 
Standards and Procedures Handbook contained definitions for the IQSOFT projects, 
a classification of the typical IQSOFT projects. The Handbook offered guidelines for the 
project life cycle model to be used, describing the activities, participants, input, output, 
deliverables for each phase, and gives precise indications for project initiation, planning, 
execution and follow-up. The concept of project-management model and project-
type model was introduced. This made it possible to use the standards for all 
project-types being run at IQSOFT. This was probably the most important result 
obtained within IQpm2, because it affected the whole project-related and quality-
oriented work.  

• A set of needed documents was developed, which contained indications regarding the 
contents and outline of the documents: Project proposal, Draft project plan, Contract, 
Project initiation document, Detailed project plan, Draft system plan, Detailed system 
plan, Test plan, Test log, Defect log, User handbook, Maintenance handbook, 
Declaration of acceptance, Hand-over confirmation, User requirements - maintenance, 
Maintenance log, Project events log, Invitation for review, Review log, Management 
report, Change request, Changing the project plan, Project closedown document.  

The progress of the project encountered a delay of approx. 3 weeks in phase WP2, which 
did not affect the deadline of the project. The justification of the delay was as follows: 
During WP2, project management team came to the conclusion that a description of 
IQSOFT’s internal organizational structure was needed, as well as a rigorous description of 
the position, function, role and responsibility of the staff (employees), together with the 
description of the skills and experience required to fulfill a certain function. In consequence, 
project management decided to spend more time on phase WP2 in order to specify in more 
detail the above questions.  
Progress Report No.1. was delivered to The National Committee for Technological 
Development (OMFB) on the 28th of June 1996, according to the plan. The Report was 
made subject for professional and financial verification. It was accepted by OMFB at the 
end of August 1996. 
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5.4.2.3 Phase WP3 

 
Phase WP3- Solution Definition and Implementation - was initially planned for 
developing the IQSOFT -specific configuration and handbook for the software Artemis 
Project View. It should have been started on the 24th of June and completed by 3rd of 
August 1996. IQpm2 project management decided that project management standards and 
procedures should not be connected to any software, implementing Artemis Project View 
or any other software has not been made compulsory. Using MSProject was 
recommended. 
This phase started only on the 20th of August 1996 and ended on the 21st of October 
1996.  Project plans in conformity with the recommendations of the IQSOFT Project 
Management Standards and Procedures Handbook were worked out using MSProject. 
Possibilities to connect these plans to MS Exchange, Schedule+, MSAccess were 
considered and described. IQpm2 project team recommended to use these facilities for an 
integrated, in-house system for project planning and follow-up. 

5.4.2.4 Phase WP4 

Phase WP4 - Baseline Projects - started on the 11th of September and can be considered 
ended on the 30th of April 1997, although one of the pilot projects had its planned end on 
the 23rd of May 1997 and  encountered some delay, as  the other two pilot projects did. In 
all cases the delay was due to modification in the user’s organization, due to which formal 
project closedown could not take place, although the deliverables were handed-over in 
conformity with the plans.  
Justification of the delay in start of phase WP4 was the very fact that 11th of September 
was the start date of the first project which could have possibly been selected as baseline 
project. Afterwards, 2 other baseline projects were started. All baseline projects used the 
standards and procedures delivered in phase WP2. A reporting mechanism was worked out 
regarding the use of standards and procedures.  
The three baseline projects were: 
1. ÁÉTFWF - Developing an integrated workflow system for the Main Group of the 
Hungarian Capital Market  
2. TURUL2 - Developing an information system for Sodhexo Pass Hungaria, that fits the 
user’s requirements, using data-bases 
3. MÁV - Developing a data-recording system for the Hungarian Railways 
All pilot project managers were trained about the usage of the Standards and Procedures. 
The evolution of the pilot projects followed the standards’ prescriptions both in terms of life-
cycle and documents prepared. Besides the reports required by the standards, the project 
managers had the task to report about the usage of the standards and procedures. In these 
report they mentioned: elements of the standards and procedures which they used, elements 
considered useful / useless, elements that had to be changed etc. Important feedback 
became available regarding the standards and procedures. The MÁV project delivered 
quite a number of very interesting and useful remarks, even completing the existing standards 
with new elements. The opinion of the pilot-project leaders could have been characterized 
as positive (they considered that about 90% of the Standards and Procedures were useful). 
We mention that the pilot-project managers had the task to use the Standards and 
procedures in a flexible way, as it best helped their work. So, IQpm2 team could use the 
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feedback of the pilot projects in finalizing the Standards and Procedures, by making it best 
fitting IQSOFT’s needs. For this reason the documentation of the pilot projects were not 
perfectly uniform, specially not in the terms of documents used, but reflected the real needs 
of each pilot project.  
IQpm2 project management took the decision to close phase WP4 on the 30th of April 
1997, despite the fact that the pilot projects were not formally closed yet. Justification of this 
decision was the fact that in terms of IQpm2 all projects produced the expected results. A 
significant amount of the Standards and Procedures were used, as well as a big number of 
recommended documents. Feedback on Standards and Procedures was provided 
permanently, recommendations regarding changes in the handbook were made and taken 
into account. 
Progress Report No.2. was delivered to The National Committee for Technological 
Development (OMFB) on the 21st of December 1996, according to the plan. The Report 
was made subject for professional and financial verification. It was accepted by OMFB at 
the end of January 1997. 

5.4.2.5 Phase WP5 
 
Phase WP5: Measuring and Evaluation started on the 1st of May 1997 and ended on the 
30th of May 1997. As mentioned before, IQpm2 project management decided to start this 
phase on the mentioned date, although pilot projects were not formally closed. We 
considered that feedback provided in phase WP4 was a solid basis for doing measurement 
and evaluation regarding the effectiveness, completeness, usefulness of the Standards and 
Procedures. 
One important step in measuring and evaluation was the Bootstrap assessment carried out 
on the 5th and 6th of May 1997, regarding the overall organization and two pilot projects 
(TURUL2 and MÁV). 
According to the Bootstrap assessment, the overall organization had the maturity level 2, 
while the pilot projects reached 2.50 in CMM. (We remind that - according to the 
Capability Maturity Model of SEI - characterize a software organization, are: level 1: initial, 
level 2: repeatable, level 3: defined, level 4: managed, level 5: optimizing. See 4.3.3. for a 
detailed presentation of CMM and Bootstrap.) 
To be noted that the overall maturity level increased from the previous Bootstrap assessment 
made in 1994 (some data about the Bootstrap assessment in 1994 are described in 3.4).  
The Maturity tree of IQSOFT is presented in Figure 5-2. The increase in maturity can be 
observed mainly in the fields of project management and organization: see Table 5-1. 
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Maturity tree of BootCollector
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Figure 5-2: Maturity tree of IQSOFT Ltd.  

From the Maturity tree of IQSOFT Ltd. one can understand that the organization-related 
issues reach level 3: management responsibility and resource management are defined, a 
quality management system starts to be in place. Methodology issues reached level 2.5, with 
three components of the same level or higher. Life cycle functions were of level 2.5. This 
meant that some elements, like definition of requirements, architectural design, detailed 
design and implementation were in place, while testing, integration, acceptance testing and 
transfer had to be further completed. Life cycle independent functions reached level 2.75, 
meaning that configuration and change management, risk management, project management 
and quality management were rather well defined. Process related functions have been 
attributed level 2.75; this was about process description, process measurement and process 
control. Technology usage was considered to be of level B, which meant that technology 
was existent and effectively in use at IQSOFT.  
The Bootstrap assessment also gave an attribute profile compared to overall maturity level 
(see Figure 5-3).  
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Figure 5-3: The attribute profile compared to overall maturity level 

Figure 5-3 shows the maturity levels reached by all the attributes taken into account. The 
attribute profile shows the values compared to the overall maturity level of the company (2). 
Variances to this value are shown in the picture. First thing to observe is that all the attributes 
reached levels higher than 2 (except “Special purpose systems”, which were not developed 
at IQSOFT, therefore appear being of level 0, in fact “not applicable”). The attributes taken 
into account were:  
• Organization (3), composed of Management responsibility (3), Quality systems (3), 

Resource management (3). 
• Methodology (2), composed of: 

• Process related functions (2.75), with the components: Process description (3.25), 
Process measurement (3), Process control (3) 

• Life cycle independent functions (2.75), composed of: Project management (3.5), 
Quality management (2.75), Risk management (2.75), Configuration and change 
management (2.75), Subcontractor management (2.25) 

• Life cycle functions (2.5), composed of: Development cycle model (3), User 
requirements (3), Software requirements (2.5), Architectural design (2.25), Detailed 
design and implementation (4), Testing (2.5), Integration (2.25), Acceptance testing 
and transfer (2.25), Operation maintenance (2.5). 

Technology is not shown in this profile. 
Although all elements of the company’s profile were situated above level 2 (some of them 
above level 3 and one reaching level 4), the global maturity level was evaluated as being 
level 2. This fact was due to the Bootstrap-evaluation algorithm, which takes into account 
some basic elements absolutely required at a certain level, and, if 60% of these are not 
satisfied, the results indicating a higher level are not taken into account. 
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We considered an important result the fact that issues related to organization were situated 
on level 3, life cycle independent functions and process related functions reached level 2.75. 
It’s worth to note that Bootstrap assessment showed an increase - in comparison with the 
results of the assessment made in 1994 - in the maturity-elements which were subject of 
IQpm2 project: project management and organization. For instance: organizational issues 
increased from level 1.25 (former Bootstrap assessment) to 3; process description issues 
increased from 1.5 to 3; maturity of project management issues increased from 2.75 to 3.5; 
maturity of quality management issues increased from 1.5 to 2.75; maturity of detailed 
planning increased from 2.25 to 4. 
 

Attribute Results of Bootstrap 
assessment in 1994 

Results of Bootstrap 
assessment in 1997 

SPU 1.25 3 
Process description 2 3.25 
Process management 1.5 3 
Project management 2.75 3.5 
Development model 2.5 3 
Detailed design & implementation 2.25 4 

Table 5-1: Comparing the maturity of some attributes 

Bootstrap assessment has shown that the basic directions into which IQSOFT had to 
continue working in order to reach a higher maturity level were: management of 
subcontractors, testing, integration and architectural planning. 
It’s also worth mentioning that pilot project TURUL2 reached level 3.25 regarding the 
process related functions and level 4 in applying planning methods and tools. 
Pilot projects’ maturity profiles generally reached lower maturity levels than the overall 
organization. This is due to the fact that some parts of the existing standards and procedures 
have not been used yet. 
Evaluation of feedback was started practically before formal start of WP5. It consisted in 
analyzing the written and spoken feedback of the pilot-project managers regarding the usage 
of the standards and procedures. Required and justified modification were operated, both 
on the Handbook itself and practically on all document-templates. Exchange-folder structure 
was updated according to the expressed needs.  
An important result of phase WP5 was the preparation and documentation of the integrated 
way of using MSProject together with Schedule+ and Exchange, in order to plan and 
follow projects. 
According to the feedback, pilot projects needed the following amount of effort in order to 
apply the Standards and Procedures: 
 
 
Pilot project 

 
Total effort 

Effort spent on 
applying 
Standards and 
Procedures 

Percent of total effort 
needed for applying 
Standards and 
Procedures 

ÁÉTFWF - 
Developing an 
integrated workflow 
system for the Main 

4 man months 6-7 man days  ~ 8,8 %  
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Group of the 
Hungarian Capital 
Market  
MÁV - Developin g a 
data-recording system 
for the Hungarian 
Railways 

11 man months 23 man days ~ 10, 5 % 

TURUL2 - 
Developing an 
information system 
for Sodhexo Pass 
Hungaria, that fits the 
user’s requirements, 
using data-bases 

8 man months 10 man days ~ 6,2 % 

Table 5-2: Effort needed to use PM standards and procedures 

All pilot project managers considered the Standards and Procedures useful, especially in 
terms of introducing a more organized way of working. Standard document templates were 
considered useful as well, with the remark that some modifications still had to be made. 
IQpm² Project closedown took place on the 30th of May, 1997, with the participation of 
all project members. 
The results were made public on the 5-6th of June, on the regular IQSOFT meeting.  
As pilot projects did not formally end by 30th of May 1997, we planned a follow-up 
activity, which began on the 1st of June and ended in October 1997, when the last of the 
pilot projects ended. The scope of these follow-up activities was to gather further data and 
feedback about parts of Standards and Procedures that were used in this phase of the pilot 
projects (e.g. handing over of the results, final acceptance procedures etc.) 
 

5.5 Results 
  
In this part we present the results of Iqpm2 project, in terms of IQSOFT immediate goals. 
Some of the very concrete results (such as listing the templates developed) have been 
presented together with the activities that produced them, because we considered that they 
can be understood better in the context of the project evolution.  
Here we do an evaluation of the project, presenting its important side-results, as well. 
 
5.5.1 Evaluation of IQpm²  project 
 
IQSOFT's IQpm² project can be considered a successful one. It reached its planned goals: 
produced the overall project management system needed by the company, and its 
description. As it was an EU-PHARE project, partially financed by PHARE and having 
international contribution, it was considered to be a high-priority project within IQSOFT. 
The management and the employees were kept informed during the whole project life cycle 
and this emphasized again the importance of the project. Because of the fact that all 
members of the management plus 8 project leaders participated in the interviews defining the 
needs, more people had the feeling that they contributed to the development of the 
standards, therefore they were more receptive and interested about them. The leaders of the 
three pilot projects were even more involved in the work done.  
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We can state that IQpm² project changed the mentality about standardization of the 
majority of IQSOFT employees: seeing that it was possible to work according to really 
useful standards they became more receptive regarding the prescriptions. 
The results of the Bootstrap assessment made within IQpm² project convinced the 
management of the company that IQSOFT is not far from level 3 in CMM, level that is told 
to be compatible with ISO 9001 registration. In consequence, the decision to go for ISO 
9001 registration was taken. The details of the work will be presented in chapter 6, as 
Phase 4 of the case study.  
The Bootstrap assessment improved the image of the company on the Hungarian and the 
international market. 
 
5.5.2 Important spin-offs of the IQpm2 project 

 
Besides the planned results, IQpm² project produced a series of side-results, spin-offs. 
These were more important than the planned ones, regarding the company's long-term 
interests. 
We consider the most important subsidiary results the following : 
• the understanding of the activity-types carried out at the company, 
• defining the notion of "project" in this environment, 
• classifying the company's projects according to their characteristics,  
• building up a generic project model, and 
• placing the specific project models into the generic model.  
In this section we present the most important ideas finalized within the IQpm² project. These 
ideas were the basis of the model presented in Chapter 8.  
One basic idea which we came through during IQpm² project was the distinction between 
two different activity types carried out at the company: activities needed for a 
successful project management and activities depending on the type of the project, 
needed for successful completion of the project's technical goals. 
Our experience has shown that while technical activities differed widely in the software 
organization, project management activities were much more stable . Hence we came to 
the idea that project management could be regarded as a common framework for all of the 
company’s projects. 
This distinction between the activity types can be considered a milestone in solving the 
problem stated in the beginning of the thesis: project management is the domain with which 
standardization can begin. 
Projects at IQSOFT can be modeled according to both of the activity types mentioned in 
the previous section, that is project-management model (modeling the management 
activities) and project-type model (modeling the technical activities) can be constructed. 
The project management model is concerned with the aspects of project management. It 
shows the project life - cycle from the project management point of view, the activities and 
their sequence to be performed in each life- cycle phase, the input, output and deliverables 
of each phase / activity, the organization and the role needed for them, the way of reporting 
and recording progress, the quality objectives to be reached and the way of checking them.  
The project management model built at IQSOFT is presented in 5.5.2.2.  
The project type model is concerned with the aspects of the technical work done in the 
project. 
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At IQSOFT we identified the type models presented in 10.2.2. (development project, 
implementation project, system-integration project, research project, other project). 
Building the type model of a project has to do with identifying the basic technical processes 
which are carried out. At IQSOFT, the identification was done by looking at the process 
characteristics. In the same time, having an idea about possible software process models 
was of real help. The type model identified can be represented using concepts of well-
known models (waterfall model, V-model, spiral model etc.)  

5.5.2.1 Definitions used at IQSOFT 
 
In this section we give some examples of terms and definitions resulted from the IQpm² 
project.  
To see the importance of these definitions, it is to be understood that at IQSOFT many 
activities and activity-sequences are carried out, and - before starting IQpm²  project - it 
was not obvious which activity sequences were to be considered projects and which were 
only routine-activities. After defining the term of "project" it was not obvious, how many 
different project types there were: at a first glance it seemed that every project was different 
and it needed different standards and procedures.  
A careful analysis resulted in the following definitions: 
• Project: a sequence of activities consisting of more than one atomic activity, which is 

carried out with a well defined scope by two or more persons, having the value of x21 Mil 
HUF  or more.  

• Projects are carried out in certain time limits, but the time-element does not 
make some activities - which do not fit in the definition of the project - to 
become a project.  

• Standards refer to projects, but elements of the standards can be used in any 
other activities. 

• Project types:  
• The different project types are characterized by their goal, the activities to be 

performed and their sequence, the members of the project and the required 
project organization, the methodologies and the tools to be used, the result 
of the project. 

At IQSOFT the following project types have been identified: 
1. Development project: a project developing a new software system while using 

existing tools. 
2. Implementation project: a project which introduces existing software - 

developed by IQSOFT or by any other company - in conformity with the user's 
requirements. 

3. System-integration project: a project which integrates existing software 
(including operating systems, other basic software etc.) - developed by IQSOFT 
or by any other company - and hardware in conformity with the user's 
requirements. 

4. Research project: a project which is started on the company's own initiative or 
as a result of a contract with a scientific organization. It's goal is to do research in 

                                                 
21 The value of x should be modified  according to the rate of the inflation. 
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different areas (e.g. developing new software tools, introducing new methods and 
tools at the company etc.) and to produce experience which will be used in other 
projects.  

5. Other project: any project which does not fit in the first 5 categories (e.g.: 
project for producing a feasibility study, consultancy etc.) 

• The above mentioned project types generally do not exist "in their pure state"; it can 
happen, that in a project we find elements from more types. We define the type of the 
project taking into account the type of the project the elements of which are in largest 
proportion present in the project.  

• Generic project-team: is the organization which can be assigned to a project in the 
preparation phase. It has the scope of giving the possibility to plan the project in terms of 
preparing the proposal and the contract. The generic project team consists of the 
following members: 

Project owner 
Project manager (leader) 
Assistant project manager 
Team-members, in conformity with the (expected) type of the project, e.g.: 

(Analyst(s) 
System designer(s) 
Programmer(s) 
Tester(s) etc.) 

Subcontractor(s) (not mandatory) 
• Applying standards and procedures: 

• For the projects at IQSOFT Project management standards and procedures 
should be applied. General project management standards (the project 
management model) are to be applied for all projects. For the different project 
types the type-standards (project type-models) should be applied. If a project is 
a mixture of more types, the referring standards of each type should be applied in 
the desired place. Developing a project-type model and integrating it into the 
generic project model is, basically, the task of the project manager. We 
developed a first set of standards for development projects' type-model and a 
set of procedures, which, put in the required order, can help in developing type-
models for all the other project types. Standard application should be aided by 
software in all possible cases. 

5.5.2.2 Project management model at IQSOFT 
 
At IQSOFT any project has the following life cycle (in terms of project management): 
• Preparation (see Appendixes, 10.2.1.1) 
• Start (see Appendixes, 10.2.1.2) 
• Execution (see Appendixes, 10.2.1.3)  
• Conclusion (see Appendixes, 10.2.1.4)  
The project management model identified at IQSOFT is presented Figure 5-4. 
 



 74

Project -management model

Project-type model

• ...Configuration
management

Change
management

Preparation

• Formal specific.
• Organization
• Activity descr.
• Methods and
tools
• Input
• Output
• Documents
• Reporting,
validation
Proposal

• Contract

Start
• Detailed

project
plan
• ....

• Quality
 plan

• ...
• Kick-off

• ...

Execution
• Management and follow-up

• Organization
• Activity descr.
• Methods and tools
• Input
• Output
• Documents
• Reporting, validation

Conc-
lusion

• 
Evaluation

...
• Close-

down
• ...

 

Figure 5-4: The elements of the project management model at IQSOFT 

 
 

5.6 Lessons learned in this phase  
 
Phase 3 of the case study brought some new elements in our attention. We understood that 
the processes of a company can be - in our case: should be - divided into two distinct 
activity types: project management processes and technical processes.  
Project management processes are those concerned with the successful management of the 
project, regardless to what technical activities (e.g. system development, system integration, 
support etc.) are being done in the project. Technical processes are concerned with the 
technical work done in the project. 
Project management activities are more stable than the technical ones, fact which justifies 
again their separation.  
Following this argumentation, we regrouped Fenton’s entities into the following objects:  
• Project Management 
• Technical Process 
• Product.  
Basic reason for this regrouping was the fact that the objects we are talking about were not 
exactly Fenton’s “narrow” objects, but  more business objects.  
Fenton’s "resources" are incorporated into project management, because we consider that 
all resource-related subjects are addressed within the project management issues.   
The horizontal ("object") dimension of the matrix presented in Figure 4-4 will now have the 
elements: Project Management (PM), Technical Process (TP) and Product (P).(See 
Figure 5-5) 
The vertical “quality- specification” dimension remains unchanged. It will have the 
elements: definition, quality attribute. 
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 Figure 4-4 will be transformed into Figure 5-5. 
To be noted that in the framework (matrix) constructed only the nodes bear inormation. 

 

Figure 5-5: The own quality framework 

 
 
One basic element in the beginning of phase 3 was the change in management's 
commitment for getting things organized. The project described in this chapter was strongly 
supported by the management, thus being considered a very important one. 
The step we tried to make in 1993 was too big : from an almost chaotic organization we 
wanted to get ISO 9001-certified - that is, we tried to reach level 3 of CMM from level 1. 
Moreover, we did this without taking into account the particularities of the company.  
In phase 3 of the case study we (unconsciously) decided to take smaller steps. Instead of 
having the goal to organize, describe, standardize all our activities, a narrower part of 
activities (project management) has been chosen to organize. The organization was done 
after a careful analysis of the existing situation and of the needs existing at the 
company.  
We were aware that we were operating just with a small part of the software quality 
related issues. Having the information about other existing approaches made us 
conscious about the limits of the steps actually taken, but, at the same time, there was 
always an idea about possible next steps.  
We can conclude that the success of doing improvement on quality management activities 
depends on the moment of time chosen, as well as on the maturity of the company in 
case.  
We certainly would have been helped by a set of guidelines that would tell which elements to 
take into account, which activities to perform on low maturity levels, in order to achieve 
improvement and efficient quality management. We did not find such guidelines. However, 
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IQpm² project gave us some experience that can be helpful for other companies having the 
same problems. This experience helped IQSOFT in building its internal project management 
system that fits the company’s own needs. The experience can be summarized in the 
following statements: 
• At our software company the technical activities can be and should be separated from 

the management activities. 
• At our software company project management activities are the most stable ones (they 

differ from project to project much less then technical activities). 
• Therefore, standardization of any kind could be started by looking at the project 

management activities, by introducing an overall project management system. 
• Existing project management methodologies may not fit our company’s needs. 
• Therefore, working out our company’s own project management standards and 

procedures was more likely to be successful.  
• pm²  methodology of Artemis International successfully supported the working out and 

introducing of a project management system which fits our company’s own needs. 
• When describing a project management system, a project management model was made 

for our company. The model contained the elements of a project life-cycle in 
management terms. 

• This model had a link to the technical project models (“project type-  
• Integrating the two models, our company’s generic project model was built. This way, 

the difficult problem of having standards applicable for all projects at a company has 
been solved. 

 
 

5.7 Conclusion 
 
After the failures of the first two phases of the case study presented in the previous chapters, 
the actual chapter described the successful recommence of the quality- oriented activities at 
IQSOFT. From 1996 to mid 1997 IQSOFT run a project to define and introduce a project 
management methodology of the company. This project was successful, and, besides the 
planned results, produced a series of spin-offs. These spin-offs contribute to the 
understanding of the activity types at our software company, and gave us the impulse to do 
further work in order to get more organized. 
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6 Case study, phase 4: “The new ISO 9001 approach” 
 

6.1 Introduction  
 
This chapter presents phase 4 of the case study run at IQSOFT.  The " the new ISO 9001 
approach"  begun in May 1997 with the decision of IQSOFT’s management to start a new 
project in order to obtain ISO 9001 registration. This phase lasted until April 1998, when 
IQSOFT successfully passed the ISO 9001 audit and got registered. 
The chapter starts with an assessment of the situation existing in summer 1997 at IQSOFT 
(6.2.) Afterwards, the help found in literature is described (6.3). Presentation of the activities 
done (6.4), of their concrete results (6.5) and of the long-term lessons learned (6.6) follow 
in the chapter. 
 

6.2 Assessment of the existing situation 
 
The positive experiences of phase 3 of the case study, when a project management system 
was built, convinced the stakeholders  inside IQSOFT that it was possible to work out 
efficient standards and guidelines.  The management decided in summer 1997 to go for 
ISO 9001 registration. A project was started for this purpose, which we called “the new 
ISO 9001” project. The term “new” in the project name refers, on one hand, to the fact that 
there was a similar project in 1993-1994, phase 1 of the case study (3.4), but on the other 
hand it indicates the completely changed approach to the problem. While in 1993 we 
approached software quality exclusively through the ISO 9001 standard, in 1997 we had 
the knowledge and understanding of many other approaches, standards and models. The 
management decided to use all previous experience in building IQSOFT’s internal quality 
management system. 
This decision of the management was a logic consequence of the results obtained in the 
previous phase. As we presented in 5.4.2.5, IQSOFT reached a maturity level close to 3 in 
the CMM model. This level is said to be satisfying the requirements of an ISO 9001 
registration. 
The employees accepted that ISO 9001 registration has to be done, as it is best for the 
company. The project team was formed by a project owner - the technical director-, the 
author was declared project leader, and 10 project members - one of IQSOFT’s each 
department - spent part of their time working on the type-models of their departments. 
The estimated internal effort was 250 man-days. Official start date of the project was 
preceded by two trainings: an internal auditor course was organized for all project members, 
and a course attended by the top management and the leaders of the different departments. 
The quality department (still 1 person) had an extremely important role in the project: the 
quality manager was the project leader.  
The customers and competitors of IQSOFT were kept informed about the evolution of the 
project. We gathered information about the already registered companies, trying to 
understand the way they obtained the certificate. Information provided, for instance, by 
Recognita Ltd., were of real help in selection of the auditing company. 
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One can understand that the sense of priority was extremely emphasized. The 
management declared the project a top priority one, asking everyone to make efforts to 
bring it to success. The time factor was also important. The project had a detailed project 
plan, with precise phasing and timing (Oct. 1997- April 1998). The project plan was 
developed after a careful analysis of the existing situation and after understanding was to be 
done. So, it proved to be a well-defined plan: it was followed in every detail, did not need 
modifications. The project finished as planned. 
The purpose of the activities (project) started was very clear: to get the company registered 
according to ISO 9001, while taking into account IQSOFT’s all former experiences in 
quality management. The quality management system had to be customized according to 
IQSOFT’s needs. Building it around the project management system introduced as result of 
IQpm2 project, insured that it will fit the company’s needs. 
The structure (the ”scope”) of the quality management system was agreed by the 
management and the project team in the beginning of the project. The quality management 
system was built to cover all activities and departments of IQSOFT Ltd. (except Marketing, 
Financial and Research departments). The quality management system was to be built 
around the project model developed in phase 3, completing it with the type models. The 
non-project-related activities (such as commercial activities, training, system support) had to 
be standardized as well.  

 

6.3 Literature consulted in this phase 
 
ISO 9001 and ISO 9000-3 were the basis of doing the work in this phase. These standards 
have been described in 3.3.1. But, while in 1993 ISO 9001 was the only approach known 
by us, in 1997 we were able to place it among the many other approaches found in 
literature. We understood that ISO 9001 was a possible process—oriented approach 
towards software quality, and we made the conscious choice of using it in order to build a 
quality system that can be assessed.  
We were aware of the fact that the prescriptions of ISO 9001 have to be used in a 
customized way, in conformance to the company’s own needs. Literature proved that many 
companies were trying to use ISO standards in a customized way. In the following we 
shortly present such trials.  
 
6.3.1 Orientations for building customized quality management systems  
 
In this section we present some orientations about building customized software quality 
systems. The issues presented in this section are results of Dutch software quality specialists. 
(See [Kusters&93] [Trienek&94] [Trienek92].) 
In order to understand the models, the basic concepts they are operating with have to be 
shortly presented. 
The basic elements of the model have been identified as follows: 
I. Objects of software production: “things” or “artefacts” in that some party that is 
involved in software production is interested. A quality factor has to be interpreted as a 
property or a set of properties of a software production object. 
Objects can be classified in 3 distinct groups: 
a. Products: include final deliverable products 
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b. Processes: any activities of persons involved in the production of software 
c. Resources: any objects used by processes excluding products of other processes. 
A quality factor has to be interpreted as a property or a set of properties of software 
production objects. In  fact a software quality factor is an objectively or subjectively defined 
function over one or more “base” parameters, which are also called quality attributes  or 
quality criteria. Examples of quality factors for the above mentioned object-groups: 
a. Products: usability, reliability, maintainability 
b. Processes: number of errors of a specific type, effort, cost 
c. Resources: experience, skills like communicative ability etc. 
Each category of objects can be approached from three different perspectives. From each 
of these perspectives different approaches will be used to determine the quality factors of 
the different objects, and subsequently their “  and appropriate metrics. 
In Table 6-1 the different approaches of the distinct perspectives are shown.  

object 

perspectives 

 
Product 

 
Process 

 
Resource 

user user satisfaction based participation based interaction based 
engineer system based design based application based 
project manager project based control based allocation based 

Table 6-1: The quality framework, objects and perspectives 

II. The main categories of activities in quality-approach in software production are: 
a. Product modeling category: concerned with modeling the concepts relevant to producing 
a software system or the “What” to be done. 
b. Process modeling category: concerned with the modeling of the software production 
processes itself  or the “How”, the “When” and the “By Whom” of the software 
production. 
c. Managing the reuse of previous work 
In order to differentiate between the specific characteristics of work done in the software 
company, the typology for customer orientation from industrial production control research 
is adapted to the software industry.  
 
 Engineer from 

components  
Engineer from 
products  

Engineer from 
scratch 

 

 
 
 
 

Product{ 

Design and 
implementation 
specification 

Analysis, design 
and 
implementation 
specification 

Requirements, 
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and 
implementation 
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modeling{ Formal product 
components  

Informal product 
reference models  
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}Managing the 
}reuse 

 
 

Process{ 

Formal activity 
structures  

Informal life cycle 
reference models  

---- }of previous 
}work 

modeling{ Activity modeling  Life cycle 
modeling  

Life cycle 
modeling  

 

Table 6-2: Characteristics of the different types of software production 
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III. Based on the characteristics of the activities in the primary production processes three 
types of software production were defined in Holland, TUE, respectively:  
a. Engineer-from-components: product variety is restricted to a number of pre-selected 
families of products. Products or their components are market oriented developed instead of 
customer oriented developed.  
b. Engineer-from-products: software production is focused on specialization in specific 
application areas. Requirements of the client of the software product are restricted to a 
limited product range. 
c. Engineer-from-scratch: there is no specialization in typical products, purely production 
capacity is sold to the customer.  
Characteristics of the different types of software production are presented in Table 6-2.  

6.3.1.1 Designing a customized software quality management system 
 
After understanding the concepts and the possibility to apply them in the specific situation of 
a company, the basic quality requirements can be formulated and the design of the 
quality management system can follow. 
For defining the quality requirements, attributes suggestions can be found in [Gillies92] and 
[Fenton92].  
[Gillies92] presents a hierarchical model of quality. Quality factors have to be identified, 
each of them having one or more quality criteria. In order to implement quality, metrics are 
associated with each criterion. (See [Gillies92], chapter 2.) 
[Fenton92] gives a table (pg. 44.), in which software entities are presented, in connection 
with their (internal and external) quality attributes. 
Both approaches deal with too many attributes, the goal being the identification of the more 
possible quality attributes. In terms of “quality goal” such an amount of attributes can be less 
efficient, therefore we find very useful the approach suggested in [Kusters&93]. 
This approach uses the following main steps: 
a.  Quality control loop in the phase of a project: the main activities and their relationships 

shown in Figure 6-1. 

 
 

Figure 6-1: A new approach for dealing with quality requirements 

See description of the main activities in [Kusters&93]. 

1.
identifying
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To be noted that in this approach quality requirements will have to derive from the 
organizational context that the users in question operate in.  
Relating quality requirements to quality factors requires a translation between the 
requirements set out by the users in their terminology, and the factors that will have to be in a 
language that developers are familiar with. 
b. Tools and techniques suggested in determining quality factors:  
 - checklist, based on a questionnaire; 
 - a list with relevant prioritization criteria; 
 - a relation matrix (in order to link requirements to factors). 
c. Matrix depicting the relation between quality requirements and factors: 
The goal of this matrix is the visualization of the relationship between the quality requirements 
as vocalized by the users on the one hand and the quality factors needed by the developers 
on the other. The vertical axis of the matrix will contain the user requirements. The horizontal 
axis will contain the (technical) quality factors required by the developers. Details in 
[Kusters&93], pg. 8-9. 
A method / methodology similar to this approach has been worked out in The Netherlands 
beginning with 1992, as a result of a project financed by the Dutch Government22. One of 
the basic ideas developed in this project was the need of communication about quality 
(tools, methods, concepts), by involving the users. Questionnaires have been worked out to 
support the interviews. As results of interviews external attributes for software quality were 
identified (max. 3-5 attributes), followed by a translation into internal attributes. The 
developed methodology also gives  a description of each attribute. A very important result 
of this work is the fact that user and developer agree about meaning of quality in a specific 
case. 
For designing the quality management system, we have now the main concepts, we 
understood the specificity of the company’s activity and we understood - in common with 
the user - the most important quality attributes.  
Designing the quality management system will have to be done according to this knowledge. 
According to [Trienek92], quality management differs according to the type of the activity 
done at the company as shown in Table 6-3. 
 
Type of activity Quality Management characteristics 
Engineer-from-scratch 
software production 

Interaction-based approach to determine quality factors of human 
resources (eg. skills and experience of developers to stimulate co-
operation.) Strong capability orientation.  

Engineer-from-
products software 
production 

Product quality management is primary.  
Main indications for quality management could be derived from 
both a user satisfaction and a system based approach  of the 
determination of the quality factors. 

Engineer-from-
components software 
production 

Quality management based on the determination of process 
quality factors.  
Quality management will have a strong process orientation.  

Table 6-3: Characteristics of quality management for different types of software-
producing activities 

                                                 
22According to a discussion with dr. ir. J.J.M. Trienekens. Reference material [Heemstra&94] is available only in Dutch. 
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ISO 9000-3 doesn’t distinguish between different types of software producing 
organizations. By acknowledging different types of software producing organizations and 
based on their software production characteristics in [Trienek&94] different ways for 
addressing ISO 9000-3 elements are pointed out. For each ISO 9000-3 framework 
categories (quality system framework, life cycle activities, supporting activities) examples of 
interpretation and applications of standards are given.  
Concluding, we can state that ISO 9000 standards can be applied at software organizations 
only in a customized way, taking into account the specificity and the actual needs of 
the organization. 
 

6.4 Activities performed at IQSOFT 
 
The project started for getting the company registered can be called a ”new approach” 
project because of the fact that it had the scope of obtaining ISO 9001 certification using all 
former experience of IQSOFT in building a customized quality management system.  
The project had its preparation phase in July-September 1997, period in which a 
preliminary project plan was made. This plan included activities to be done (WBS), the 
estimated timing of the activities, as well as the estimated effort / cost needed to complete 
the project.  
The management of the company decided to do the work with the help of a consulting 
company. This decision was based on the belief that the very presence of such a company 
will emphasize the importance of the work towards the employees. The fact that the 
Hungarian Ministry for Industry, Trade and Tourism (IKIM) offered sponsorship for all 
those activities connected to ISO-registration, that were executed by a subcontractor (half 
of all money paid to the consulting or registering company was paid back by the Ministry), 
was one more reason for executing part of the work using a subcontractor.  
Several companies were contacted which offered consulting in building ISO 9001-conform 
quality management systems. On the basis of their offers the small consulting company called 
BBL Kft. was chosen. This company was the first private Hungarian consulting company, 
providing quality-related services since 1984. It was registered according to ISO by BVQI 
(Bureau Veritas Quality International), it was representing the British company Excel 
Partnership. The members of the company were registered auditors or lead assessors. BBL 
Kft. has (successfully) given consultancy for building up ISO 9001-conform quality systems 
in more than 25 Hungarian companies, among which to one of the main Hungarian software 
companies, Recognita, and was involved in preparing for registration an other well-known 
Hungarian software company, Graphisoft. 
BBL Kft. started its cooperation with IQSOFT in August 1997 by making a survey about 
the existing situation. The results of the survey were in concordance with the results of the 
Bootstrap assessment carried out in Phase 3 of the case study (see 5.5) and with those 
mentioned in 3.5 about the quality system documentation produced in Phase 1 of the case 
study.  
Taking into account BBL Kft.’s report on the existing situation, as well as the previous 
experience (Phases 1-3 of the case study), the detailed project plan was developed. The 
members of IQSOFT management and the leaders of the departments were informed about 
the new project, and the structure (the ”scope”) of the quality management system was 
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agreed. The decision of the management was that the quality management system should 
include all activities / departments of IQSOFT, except the Marketing, Accounts and 
Research department / activities. During the project the work of the Research department 
has also been included into the quality management system, but only with their development 
projects. This way, the quality management system referred to the activities: software 
development, software implementation and system integration. This meant that the 
departments OBT, IMA, OLI, AVA, KER, KUT, OKT, RGZ, TIT and MIN were 
affected. See Figure 6-2 for the proportion of the IQSOFT departments affected by the 
quality management system. 
As a next step, the project team was formed. Project owner was declared the technical 
director, the author was declared project leader, and 10 project members - one of each 
department - spent part of their time working on the type-models of their departments. 
The estimated internal effort was 250 man-days. The consulting company delegated one of 
its employees once a month to verify the work done, to give advice regarding the following 
work and to ensure that the quality management system built and its documentation was ISO 
9001 / 9000-3 conform. 
According to the plan, official start date of the project (6th of October, 1997) was 
preceded by two trainings. One - a 3 days internal auditor course - was organized for all 
project members, the other one - a 1 day course - was attended by the top management 
and the leaders of the different departments. 
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Figure 6-2: Departments of IQSOFT affected by the quality management system 
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On the 7th of October 1997, on a regular IQSOFT - meeting the managing director 
declared publicly the commitment of the management for building the ISO-conform quality 
system and getting the company certified. His speech was followed by that of the technical 
director's and a short presentation about the project. 
On the basis of the offers obtained from registering companies, SGS Hungária Kft. 
(Hungarian subsidiary of the SGS ICS AG, Switzerland) has been chosen as registering 
company. This company was widely recognized in Hungary and abroad. It has certified 163 
Hungarian companies and had good references in registering software companies (it was the 
registrar of Oracle Hungary and Recognita). The assessment at IQSOFT was made in 
conformance to ISO 9001, taking into account ISO 9000-3 and TickIT recommendations. 
According to the project plan, the development of the quality management system and its 
documentation ended on the 29th of December 1997. By this date we had a well-structured 
quality management system, with its complete documentation. (The elements of the 
documentation are presented in 6.5.2.) 
Building the internal quality management system was done following usual steps for such a 
project (planning the structure, writing the documents, obtaining feedback on the documents 
written, modifying the documents according to the feedback, training the employees about 
the new prescriptions, introducing the quality management system, pre-assessment, 
assessment). Therefore, we do not describe these activities in more detail.  
Introduction of the quality system started on the 26th of January 199823 - following a 
company-wide training-, and lasted until 19th of March 1998. By this date, feedback has 
been obtained and the necessary modifications on the quality systems and its documentation 
have been made. 
The quality management system was fully operational beginning with February 1998. BBL 
organized an audit on the 3rd of March 1998. After doing the required modifications in the 
system and the documents, the documentation was sent to SGS on the 27th of March 1998. 
This company organized a pre-audit on the 1st of April 1998, on which some non-
conformities have been found and corrective action took place. The final audit for the 
registration took place on the 27th - 30th of April 1998. The final audit was successful. 
 
6.4.1 Structure of the customized, ISO-conform quality management system 
 
The structure of IQSOFT’s internal quality management system follows the 
recommendations of the ISO standards, but it is built to fit the specific needs of the 
company. The basic document describing the quality system is the Quality Handbook. This 
manual references all the other documents which regulate at high level the company’s 
functioning, for instance: description of IQSOFT organization, positions, functions, roles, 
responsibilities of the staff, office security, fire protection rules etc.   
Following the introductory part (which contains IQSOFT’s quality policy, a short 
presentation of the company, the short description of the scope of the quality system), the 
Quality Handbook contains chapters corresponding to those of ISO 9001’s chapters.  
The basic idea around which the quality system is built is the recognition of the fact that 
at IQSOFT project- related activities and non project- related activities exist. We 

                                                 
23 Beginning with January 1998 the management of the ISO  9001 project was taken over by Péter Garami, as I went on 
maternity leave until March 1999. Description of the project progress and closedown have been written based on his 
opinions. I wish to thank him and the other colleagues who provided the informatio n needed. 
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grouped these into ”project- related processes” and ”non project- related processes”. 
Describing the ”non project - related processes” was easier: the processes related to sales, 
training, computer system administration, secretariat were relatively well defined already in 
1993. The problem in 1994-1995 was that each IQSOFT project seemed to be totally 
different from all other projects, fact that made impossible the description of procedures 
valid for all projects.  
In the actual approach, having the experience of the IQpm² project, we separated the 
project management activities from the technical ones24. This way, the company-wide 
standardization became possible: the project management standards - which were worked 
out earlier, within the IQpm² project - were valid for all projects. The differences were 
described in the so-called ”project type models”, which were the descriptions of the 
procedures related to the  technical activities.  
 Figure 6-3 presents the structure of the quality management system.  
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Figure 6-3: Structure of the customized, ISO-conform quality management system 
at IQSOFT 

 
All documents related to the quality system are kept in electronic format. The Quality 
handbook, the description of non project-related and project-related procedures, the 
Project management standards, the different project type models, the templates and 
document models are placed in a well defined folder structure, on a computer server 
accessable for all employees. The concrete, quality-related documents of projects and non 
project-related activities are kept in a folder structure on the Outlook system, while the 
project management and technical documents (e.g. code, test plans, test logs, configuration 
                                                 
24 The idea of the generic project model, project management model and project type model are described in detail in 
chapter 8. 
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descriptions etc.) are placed on different servers of the company. All the documents of the 
quality management system are listed in a so called Master list, that contains hyperlinks to 
master lists of the different departments. 
A more detailed description of the quality system documents can be found in 10.4.1. and in 
Appendixes, 10.3. 
 

6.5 Results 
  
6.5.1 Evaluation of the new ”ISO9001” project 
 
The ISO 9001 project has been evaluated to be a successful one. It reached its goals within 
the planned time and cost limits, and it produced the planned results. The total effort spent 
on the project was about 330 man-days (planned effort was 250 man-days), which 
generated a cost of 15.5 milHUF (by that time about 62 000 USD). Cost of the external 
consultants’ and the auditors’ work was of 2.6 milHUF, half of which was paid back by 
IKIM Ministry.  
Table 6-4 presents the official Project closedown document of the ISO 9001 project. 
 
 
Project name ISO 9001 certification 
Project identifier ISO 9001 
Project start date 01.07.1997. 
Project owner Dr. Langer Tamás 
Project leader Balla Katalin (until 31.12. 1997), Garami Péter (from 

01.01.1998.) 
Project members Registered internal auditors 
Project planned end 
date 

30.04.1998.  

Project real end date 30.04.1998.  
Cost of human 
resources 
 

about. 15.5  mil HUF 
In 1998 about 230 man days = 11.5 milHUF 
In 1997 about 100 man days = 4 milHUF 

Other costs 
(acquisitions) 

2.6 milHUF, IKIM pays back 1.3 mil HUF 

Profit - 16.8 milHUF 
Follow-up activities 
 

correction of the non-conformities found by SGS auditors 
marketing activities, continuous internal audits, technologization, 
unification, simplification of the procedures, continuous revision of 
the templates and models 

Project evaluation Successful project. It reached its scope within time limits, in the 
quality planned. 

Table 6-4: Project closedown document of the ISO 9001 project 

We can state that the success of the project was strongly influenced by the fact that the 
introduction of the standards was supported by the top management. The employees 
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accepted to work in a standardized way. There was no evident opposition from any 
departments, but in some cases passive opposition could have been observed (characterized 
mainly by the absence of cooperation). 
According to the evaluations, working in conformance with the prescriptions of the quality 
management system causes about 30% of extra effort in small projects, and about 10-20% 
in the bigger projects. If looking to the standard-application in the different departments, the 
following can be said: 
• AVA: had the most organized and technologized way of working also before 

introduction of ISO - they continue working in a well organized, documented way, 
taking into account standards’ prescriptions. 

• OBT: continuous efforts are made for the standardized way of working; the results of 
these efforts differ from project to project, as the number of the projects is very big; 
cooperative approach towards ISO prescriptions can be observed. 

• OLI: they have a large number of projects, but very few people to do the work; they 
haven’t enough capacity to respect the standards; although not declared, this department 
did not really understand and use the quality management system. 

• IMA: this department always did the administrative work in the projects in a good and 
organized way; they accepted the prescriptions, offering cooperation in working out the 
system. 

• PMS: they are partially reluctant to the system (in a declared way), but respect the 
prescriptions in most cases. 

• KUT: this department is a passionate and really interested user of the system.  
• KER: in the beginning tried to demonstrate that the system is not usable, afterwards they 

got used to it and now are using it with good results. 
• TIT: uses the system in an appropriate way. 
• OKT: during the audits it turned out that the usual procedures should be more strict. 

They accepted the modifications suggested by the auditors. 
• RGZ: uses the system in an appropriate way.  
All employees considered the developed templates very useful. However, the templates 
should be continuously improved, both in content and format. 
The critical parts of the quality management related activities are - continue to be - 
configuration management and testing. It can be stated, that the system is defined without 
taking into account the possibilities a software company is having. The actual quality 
management system is an MS Office- oriented system, while project management software 
tools, version management tools, validating and testing tools are used just locally (by some 
departments). These software tools - which, due to the specificity of IQSOFT - are 
available, are not parts of the registered quality management system. 
During the introduction of the system the basic principles did not change (the initial design 
has not been modified). Some modifications have been made in the case of support 
activities. The structure of the public and shared folders has been partially changed. 
 
6.5.2 An example of a set of concrete descriptions developed at IQSOFT 
 
In this section we present the set of documentation developed at IQSOFT. The 
documentation set reflects the structure of the quality management system, presented in 
6.4.1. The basic document is the Quality Handbook, which references all the other 
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documents. Part of the referenced documents regulate the company’s functio ning 
(description of roles and responsibilities, office security, fire protection) at high level. The 
Quality Handbook  contains chapters corresponding to those of ISO 9001. The processes 
of the company are described in the Process Descriptions. The processes are divided into 
project-related processes and non-project-related processes. Project related processes are 
described in the  Project Management Handbook (this is the description of IQSOFT’s 
generic project model and project management model), with reference to the type models. 
The type models for different project types are described in the Process type descriptions. 
A next level in the documentation is that of Description of working procedures. Each type 
model can reference one or more working procedures. The non-project related activities are 
also described in Process type descriptions, and can reference one or more working 
procedures. The lowest level of the documentation is that of Templates and document 
models. The quality system contains some external documents, as well. All valid 
documents are listed in so-called master lists. 
At IQSOFT the valid documents are kept in electronic format, on a specially dedicated 
server. A document’s validity is shown by the fact that it is stored in the mentioned place. 
Documents can be printed, but printed documents are not valid, unless this issue is specified. 
After writing a document, it is sent by e-mail to the person who will approve it. After reading 
the document, if approved, the approving person sends it back to its author and to the 
quality manager, mentioning that the document has been approved. The quality manager 
stores the valid document on the server and stores the approving message in a designated 
place.  
We present the list of the above mentioned documents (in fact the master list of the valid 
documents of the registered quality management system) in Appendixes, 10.3. 
In the actual structure, the data are divided into 2 parts: the valid handbooks, templates, all 
other prescriptions, standards, models used at the company are kept in a folder structure on 
a server (see Figure 6-4  ), while the quality-related documentation (e.g. audit plans, audit 
documents, nonconformities, problems raised by the employees, comments etc.) are kept in 
an Outlook-folder structure (see Figure 6-5). 

 

Figure 6-4: The prescriptive elements of the quality management system 
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6.6 Lessons learned in this phase  
 
This phase was result of the successful Phase 3 of the case study and it was strongly based 
on the results of IQpm² project. The scope of this phase was twofold: to get the company 
registered according to ISO 9001 and to do this by building a customized quality 
management system which takes into account the needs of the company as well as the 
results of theoretical research done in the field.  
 

Figure 6-5: Outlook folder structure, with the concrete documents of the quality 
management system 

IQSOFT management decided to continue working in a standardized way in terms of 
project management. Also, a decision has been taken to start a project in order to obtain 
ISO 9001 certification. Building a quality management system was now facilitated by the 
existence of the project management system, which was a common framework for all 
projects of the company. This way, one of the basic difficulties encountered in Phase 1 - 
namely: the difficulty of finding common prescriptions for the company’s projects due to 
their difference - has been surmounted. 
The work done in this phase used the results of the previous phases of the case study: in 
building the quality management system some of the results of Phase 1 were used (quality 
system handbooks, document templates), together with the documents produced in Phase 
3. On the other hand, the research results of Phase 3 were used to ensure that the quality 
management system was built according to the company′s needs.  

6.7 Conclusion 
 
This chapter presented the successful project started in 1997 to get IQSOFT registered 
according to ISO 9001. We showed that the situation existing in summer 1997 was optimal 
for re-starting the standardization activities. With the experiences of the former phases of the 
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case study, we were able to set the goals, understand the structure to be developed, 
develop it and make it operational. This understanding was the key factor that contributed to 
the success of the project.  
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7 Case study, phase 5 – “Process Improvement at IQSOFT 
 

 

7.1 Introduction  
 
This chapter presents the work in quality management done at IQSOFT after getting the 
company registered. We called the phase “process improvement at IQSOFT” because in 
the period 1998-2000 efforts have been made not only to maintain the existing quality 
management system, but to complete it with new elements. The new elements (such as use 
of metrics, use of testing tools and techniques) are not mandatory parts of an ISO 9001-
conform quality management system. Using them shows the management’s wish to improve 

 
In 7.2 we present the actual situation, 7.3 is about literature consulted in this period. The 
concrete activities executed at IQSOFT are described in 7.4, their immediate results are 
shown in 7.5. In the last part of the chapter (7.6) we present the long-term lessons of this 
phase. 
 

7.2 Assessment of the existing situation 
 
After getting registered in 1998, IQSOFT did not want to stop quality-related activities on 
ISO 9001 level. Therefore, new ways of improving quality are searched continuously.  We 
can state that, on the issue of quality management, there is a concordance in the attitude of 
the internal stakeholders . The management supports quality management activities, 
leaving the choice of choosing the direction of evolution to the quality manager. The 
employees got used to the idea to do their work according to standard prescriptions. They 
use the handbooks, models, templates, they cooperate in making them better. It’s worth to 
mention that usage of the quality prescriptions is mandatory at IQSOFT. Newly hired 
employees are being trained about the main elements of the quality system. The management 
sometimes checks the level of knowledge regarding the quality system. 
IQSOFT continuously makes use of the ISO-certificate as a marketing element. The 
customers and competitors are informed about the importance IQSOFT gives to the 
quality-oriented activities. All company-prospects, letters, official documents contain the 
picture of the certificate. Presenting IQSOFT’s quality oriented activities is done in all 
materials presenting the company. The quality manager participates in professional 
meetings, conferences, gives lectures about software quality as understood at IQSOFT. Due 
to the permanent presence of IQSOFT in the quality-related events in Hungary, positive 
feedback has been obtained from partners and customers. Some companies asked for 
more information about IQSOFT’s experience in the field. Two companies (Roll-Soft and 
Raiffeisen Bank) needed IQSOFT to assess their processes and write a report about their 
chances to improve them. IQSOFT’s management is considering to introduce consultancy in 
quality management as a new activity of the company.  
The quality-oriented activities (specially those connected to the maintenance of the quality 
management system, audits etc.) are given a constant priority. It is true that this priority is 
higher before the annual audits done by SGS, but it has a constant level during all the year. 
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The quality management activities are analyzed once a year in the board of directors. The 
quality manager’s ideas, in generally, are accepted by the management. The 
management invests in training of the quality manager: participation in trainings and 
conferences in the field of software quality management are almost mandatory.  
For the moment, there is a constant time allocated to the quality-oriented activities. This 
contains the work of the quality manager and of the employees working with the system. 
The main purpose of the quality-oriented activities is the maintenance of the existing quality 
management system. Completing it with new elements, not necessarily parts of ISO 9001-
requirements, is an other purpose of the work.  Modifying the system according to ISO 
9001:2000 is being considered. If the decision to do the modifications will be taken, a new 
project will be started. This will induce strengthening of the sense of time and priority. The 
management would like to include the Financial and Marketing departments into the system. 
Regarding the sense of structure , the management addressed several issues as possible 
“deliverables” of the quality-oriented work. One of them was the usage of metrics.  
The level requested by ISO 9001 does not address at all products and metrics, while the 
grade of detail of the elements “definition” and “quality attribute” vary according to the 
company’s level of understanding. IQSOFT has two direction of evolution: either start 
using metrics or concentrate on product quality.  
While using the quality management system, a large amount of data has been gathered. We 
came to the idea that these data could be placed in a data-base. Developing this data base 
could be an other direction of growth.  
 

7.3 Literature consulted in this phase 
 
In the similar sections of the preceding chapters we presented some fundamental ideas about 
software quality, as well as possible approaches to the subject, as offered by the literature. 
Here we focus on the importance of using metrics while dealing with software quality.  
The present section contains basic definitions used in measurement theory, as well as a 
description of the basic objects software measurement operates with. In the last part of this 
section possible approaches to measurement are presented. 
To be noted that measurement-related issues appeared in the former chapters, as well. For 
instance, the Boehm and McCall models (4.3.2.1) associate quality metrics to the quality 
criteria defined, while standard ISO 9126 (4.3.2.2) offers detailed descriptions of the 
metrics associated to the product.  
As ISO 9001:2000 has a chapter dedicated to the process of measurement and the analysis 
of the measurement results, we shortly present this standard in 7.3.2. 
 
7.3.1 Approaching software quality through metrics 
 
Any software organization trying to do some improvement on any part of its products or 
activities will come to the conclusion that doing measurement is rather unavoidable. 
Moreover, measurement is not only needed, but as it implies further benefits, it is a “good 
thing”: using metrics can help to understand the current situation, the weak parts of the 

e effectiveness of an improvement program. In conclusion: 
measurement can provide the key information needed to make things (i.e. quality) better. If 
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the right metrics are used, in the right order, on the right objects, by the right people. If the 
measurements results are analyzed in the right way. If the right corrective actions are taken.  
The many "if"-s suggest that doing measurement on any object attached to software 
production is far from being an easy issue. However, given the importance of measurement, 
we consider it proper to briefly present the basic concepts the measurement theory operates 
with.  

7.3.1.1 Some fundamentals of software measurement 
 
In one of the fundamental books in the area of software metrics, [Fenton92], we find the 
following definitions: 
"Measurement is the process by which numbers or symbols are assigned to attributes 
of entities in the real world in such a way as to describe them according to clearly 
defined rules." "Measurement can be made in direct or indirect way. Direct measurement of 
an attribute is measurement that does not depend on the measurement of any other attribute. 
Indirect measurement of an attribute is a measurement which involves the measurement of 
one or more other attributes." "A measure is an empirical objective assignment of a number 
(or symbol) to an entity to characterize a specific attribute." 
Emphasizing on the last statement, we quote another definition: "A software metric is a 
measurable property which is an indicator of one or more quality criteria that we are 
seeking to measure."[Gillies92] 
If we look to the definitions given for “measure” and “metric”, we see that the two terms are 
synonyms. In Fenton’s book [Fenton92], we find arguments against using the term “metric”, 
because, according to the author, it can have different meanings for different people.  
Measurement is always done on the basis of a theory25. From the definitions of “measure” 
and “metric” quoted earlier in this section we can conclude that before starting to measure 
we have to understand the object of measurement (what is it, what makes it having a 
good quality), determine its quality criteria and attributes, find measurable properties 
of the attribute, do the measurement (using a certain tool). 
According to the well-known and widely accepted theory of Fenton, in software there are 3 
basic objects: processes, products and resources (see 4.3.1). 
Fenton states: "Anything that we are ever likely to want to measure or predict in software is 
an attribute of some entity of the above three classes." 
The attributes of a software entity can be either internal or external. 
Internal attributes of a product, process or resource are those that can be measured 
purely in term of the product, process, or resource itself. An internal attribute can be 
measured by examining the product, process or resource on its own, separate from its 
behavior. (For example: those attributes of a software module which we can determine 
without executing the code, like: size, complexity, dependencies among the modules etc.)  
External attributes of a product, process, or resource are those which can only be 
measured with respect to how the product, process, or resource relates to its environment. 
Here, the behavior of the process, product or resource is important, rather than the entity 
itself. (For example, those attributes of a software module which we can determine only 

                                                 
25 Presenting the different theories is not subject of this paper. For a descri ption of the representational  theory see, for 
instance, [Fenton92] or [Fenton&97]. 
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when executing the code, like: the number of failures experienced by the user, the length of 
time it takes to search the database and retrieve requested information). 
Different people are interested in different software quality attributes. For instance, users and 
managers are more interested in external attributes, while developers may be more 
interested in measuring internal attributes. According to [Fenton&97], "it is sometimes 
difficult to define the attributes in measurable ways with which everyone agrees. But we do 
not always agree on what we mean by quality, and it is often difficult to measure quality in a 
comprehensive way." It is common that we try to define the high-level quality attributes in 
terms of other, more concrete ones, that are well-defined and measurable. This approach 
can be seen, for example, in the McCall model (4.3.2.1) and ISO 9126 (4.3.2.2). 
Metrics can further be classified into two types according to whether they are predictive or 
descriptive [Gillies92]. Predictive metrics are used to make predictions about the 
software later in the life-cycle. Descriptive metrics describe the state of the software at the 
time of measurement. 
Selecting the software quality attributes in the right way and associating the right metrics with 
them is a complex task. The job is made more difficult by the fact that there are no 
universally accepted models about selecting attributes and metrics. Existing models, 
standards, recommendations can be used as a starting point, but only experience can help in 
doing software measurement in the right way. 
In software measurement literature we can find several descriptions about "good metrics". 
Here are, for example, the seven criteria for a good metric, as presented by Gillies 
[Gillies92], meant to help us in metric selection (see Table 7-1). 
 

Criteria Explanation 
Objectivity The results should be free from subjective influences. It must not matter, 

who the measurer is. 
Reliability The results should be precise and repeatable. 
Validity The metric must measure the correct characteristics. 
Standardization The metric must be unambiguous and allow for comparison. 
Comparability The metric must be comparable with other measures of the same 

criterion. 
Economy The simpler and, therefore, the cheaper the measure is to use, the 

better. 
Usefulness The measure must address a need, not simply measure a property for its 

own sake.  

Table 7-1: Seven criteria for selecting a good metric 

All those who ever tried to do software-related measurements know that selecting the right 
"thing" to measure is the most difficult issue. If we accept Fenton's theory about the elements 
of software production (products, processes, resources), the selection of the metrics is 
somewhat facilitated.  
 

7.3.1.2 GQM and the Experience Factory 
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The nowadays very popular approach for setting up and conducting measurement programs 
in the software industry, the Goal / Question / Metric paradigm (further: GQM) is 
connected to the name of Victor Basili ([Basili85],[Basili&88], [Basili95], [Fenton&95], 
[Fenton&97]). Referenced in most cases separately, GQM is in fact one of the two tools 
used by an evolutionary improvement paradigm tailored for a software development 
organization, the Quality Improvement Paradigm (further: QIP). GQM is used as the goal 
setting step in QIP and is completed with an organizational  approach for building software 
competencies and supplying them to projects: the Experience Factory (EF).  
Although GQM is the most popular part of QIP, we consider it adequate to shortly present 
QIP itself and EF, besides presenting GQM in more detail. 

7.3.1.2.1 Quality Improvement Paradigm 
 
Quality Improvement Paradigm (QIP) is "an effective framework for conducting experiments 
and studies in software organizations" (Basili85), "an evolutionary improvement paradigm 
tailored for software organizations" (Basili95). 
QIP involves three major steps: planning, execution, analyzing and packaging, which are 
further refined into more concrete steps. We present the steps of the QIP. 
1. Planning: Is and iterative process, which involves: 

• characterization of the project and its environment, 
• setting quantifiable goals for successful project performance and improvement, 
• choosing the appropriate process model, supporting methods and tools for the 

project.  
2. Execution: Is a closed-loop project cycle that involves: 

• executing the processes,  
• constructing the products,  
• collecting and validating the prescribed data, 
• analyzing the data to provide feedback for corrective actions on the current 

project. 
3. Analyzing and packaging: Is a post mortem analysis of the data and information 
gathered  in order to: 

• evaluate current practices,  
• determine problems,  
• record findings, 
• make recommendation for future process improvement, 

and a packaging of the experience gained in the form of updated and refined models and of 
other forms of structured knowledge gained from this and prior projects and the storing of 
the packages in an experience base so that it is available for further projects.  
The QIP uses two tools: the Goal/Question/Metric Paradigm (GQM) and the Experience 
Factory Organization (EF). 

7.3.1.2.2 GQM paradigm 
The GQM paradigm was originally developed "for evaluating defects for a set of projects in 
the NASA/GSFC environment." ([Basili95]) 
Although GQM was originally used to define and evaluate goals for one particular project, 
its use has been expanded to a larger context. So it became a mechanism used in planning 
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phase of QIP, for defining and evaluating a set of operational goals using measurement. 
GQM provides a systematic approach for tailoring and iterating goals with models of the 
software process, products and quality perspectives of interest, according to the specific 
needs of the project and the organization.  
The GQM approach provides a framework for setting up and carrying out measurement 
programs, involving three steps:  

1, Listing the major goals for the project. 
2, Deriving from each goal the questions that must be answered to determine if the goals 

are being met. 
3, Deciding what must be measured in order to be able to answer the questions 

adequately.  
Using the GQM paradigm means that a general framework is followed when a metrication 
program is set up in an organization, therefore the success of the metrication program has 
higher chances than in case of measuring without knowing exactly why the measurement is 
done. However, using the GQM paradigm in an efficient way requires experience in 
software engineering and measurement. Even when the metrics are expressed as an 
equation or relationship, the definition is not always clear and unambiguous. The GQM 
paradigm does not tell how to measure a line of code or a function point; it only tells that 
some measure of code size is needed to answer e.g. a question about productivity. 
Additional work is needed to define each metric. In cases when no objective metric is 
available, the usage of subjective metrics is suggested ([Fenton&97]). 
As the process of setting goals and refining them into quantifiable questions is a complex 
subject and requires experience, Basili and Rombach developed a set of templates to 
support this process ([Basili&88]). These templates reflect the authors' experience from 
having applied the GQM paradigm in a variety of environments. The templates specify the 
essential elements: the object of interest (process/ product), the aspect of interest (cost / 
ability to detect defects), the purpose of the study (assessment / prediction), the point of 
view from which the study is performed (people-oriented, problem-oriented). 
Basili and Rombach also provide separate guidelines for defining product-related 
questions and process-related questions. Steps involve defining the process or product, 
defining the relevant attributes, and obtaining feedback related to the attributes. 
The GQM paradigm is a top-down approach to measurement. Other approaches to 
measurement are presented in 7.3.1.3. 

7.3.1.2.3 The Experience Factory organization 
 
The Experience Factory organization is an organizational structure that supports the activities 
specified in the QIP by continuously accumulating evaluated experiences. “The EF supports 
project development by analyzing and synthesizing all kinds of experience, acting as a 
repository for such experience and supplying that experience to various projects on 
demand” ([Basili95]). 
The EF assumes that there are two separate organizational structures: the  Project 
Organization and the Experience Factory itself (see Figure 7-1, according to [Basili95], pp. 
27.). The Project Organization focuses on delivery supported by packaged reusable 
experience supplied by the EF, and must use a software evolution model that supports 
reuse. In this sense, software development requires two logically different organizations with 
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different focuses / priorities, process models and expertise requirements.  EF represents " 
the group working on developing software engineering knowledge as a corporate asset”, 
while the Project Organization represents “the group whose job is to use that knowledge to 
produce the most advanced corporate products”. 
When a project begins, the Project Organization characterizes the project and its 
environment, sets the project's goals, selects the appropriate processes. These activities of 
the Project Organization are supported by the Experience Factory in sense that previously 
collected, analyzed and stored data are offered to the Project Organization in order to be 
customized according to the needs of the current project. During its execution, the project 
provides data, models and lessons learned to the EF, providing this way real-time feedback 
to the project. The feedback is analyzed by the EF, and the data considered useful are 
packaged, generalized and added to the data previously stored.  
QIP, GQM and EF are being used by many software organizations ( see [Basili95], 
([Fenton&95]).  
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Set goals
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Execute process
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Tailorable goals, processes, tools,
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Figure 7-1: The Experience Factory organization 
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7.3.1.3 Possible approaches to measurement 

 
Reading the literature about metrics and measurement programs, one will find different 
suggestions for starting such programs. Summarizing, we can state that there are three basic 
schools of tough in this field. 
Some specialists think that measurement should be done in a top-down approach. Their 
argument is that this approach ensures that the metrics collected are useful and relevant (see 
[Basili85], [Basili&88],[Basili95], [Pfleeger95]). Such an approach will require a clear 
understanding of the measurement goals at the very beginning, therefore applying techniques 
like that suggested by the GQM paradigm are suitable (see 7.3.1.2.2).  
Other software professionals think that measurement should be done in a bottom-up 
approach,  tailoring the measurement program according to the practical needs of the 
organization and to the local environment. There is a set of well-established metrics, as well 
as results of other organizations that can form the basis of the measurement program. In 
[Bache&95], for instance, we find a description about shortcomings of the top-down 
approach: setting goals can be difficult for poorly informed managers; effective measurement 
of any goal and question is not always possible; the construction of GQM hierarchies can 
lead to poor definition of attributes and metrics, etc. Instead, "a bottom-up approach" - 
argues Bache - "focuses our efforts on understanding the current development processes 
and products developed from them. Only when software developers understand their 
process, in measurement terms, can they begin to ask questions and set goals..." The author 
proposes that a bottom-up approach to the introduction of metrics has better chances of 
success in organizations using metrics for the first time and suggests an MQG (metric-
question-goal) approach instead of the GQM approach. The MQG approach can be 
summarized as follows: 1. collect metrics and analyze their results; 2. ask why the results are 
that, and if there is need for improvement; look for deviations from expectations and 
perceptions; 3. managers are then aware of problems and deficiencies and set the goals 
accordingly. 
The third trend in metrication can be characterized as a mixed approach, because it 
suggests that top-down and bottom-up approaches both can and should be present in 
measurement programs. Norbert Fuchs [Fuchs95] says the mixed approach is necessary in 
most environments to avoid stagnation and demotivation while the more ponderous 
machinery of a top-down program is put into place. He writes about an “evolutionary 
approach”, which means that a successful measurement program will start by a bottom-up 
approach. This will go more mature becoming a mixed approach, finally turning into a pure 
top-down approach.  
 
7.3.2 ISO 9001:2000  
 
The version of the standard series ISO 9001:1994 (further referred to as ISO 9000 in this 
paragraph) presented in 3.3 is the version that was the basic one in the nineties. Due to 
changing market requirements this version will be replaced by standard ISO 9001: 2000 by 
the end of year 2000. However, as the research and the case study took place in the 
nineties, we considered it important to leave the description of ISO 9000 in the thesis. The 
reader can understand the activities, decisions of the period described in the case study if 
knows the approach that was basic in quality management by that time. In this paragraph we 
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present the most important differences between ISO 9000 and ISO 9001:2000. The basis 
of the presentation is [ISO2000], Committee Draft 2 in May 2000.  
ISO 9001:2000 changes the structure of the standard series. The different standards forming 
the family (ISO 9000, ISO 8402, ISO 9001, ISO 9002, ISO 9003, ISO 9004) are 
regrouped as follows: ISO 9000 contains the basics and the dictionary, ISO 9001 is the 
(overall) system standard, while ISO 9004 contains guidelines to improve performance. 
Therefore, all registrations will be made according to ISO 9001. It seems that ISO 9000-3 
will stop existing. The basic changes in the contents of ISO 9001:2000 are connected to 
customer satisfaction and continuous improvement. The new version of the standard states 
that customer needs have to be identified (not only in terms of contracts, but including not-
explicitly-specified customer needs). The management should ensure that customer needs 
are well-known in the organization. Special attention should be given to communication with 
the customer. Customer satisfaction has to be followed and measured, using special 
measurement processes. The new version of the standard requires changes in the quality 
policy of the organization: commitment to continuous improvement should be included. To 
insure this, requires special issues concerned with the continuous improvement of the quality 
system.  
The structure of standard ISO 9001:2000 is also changed. The 4 chapters existing in the 
actual version are replaced by 8 chapters, which reflect the basic processes occurring at 
company more adequately. Chapter 1 states the subject of the standard, chapter 2 contains 
references, chapter 3 contains the items and definitions used. Chapter 4 defines the quality 
system requirements, chapter 5 is concerned with management commitment. Chapter 6 
contains totally new elements about resource management (e.g. requirements about human 
resources, information, infrastructure, environment). The process-related requirements are 
placed in chapter 7 (Defining the product and / or service). The basic change here is the fact 
that the company has to describe all its processes (contrary to the possibility offered by the 
actual version of ISO 9000, where the scope of the quality system could have been 
declared, and could have been made narrower than the totality of the activities of a 
company).  Chapter 8 is totally dedicated to measurement, analysis and improvement, 
specifying that the processes, the quality management system and customer satisfaction 
should be observed and measured, the collected data should be analyzed and corrective 
actions should be performed to achieve continuous improvement.  
Without entering into more details about the new version of standard ISO 9000, we can 
state that software companies will have to reorganize their quality oriented work to be ISO 
9001:2000 compliant. After the new version is issued, the registering audits will be 
performed according to it, while functioning quality systems will be given probably 12 
months to become ISO 9001:2000 compliant. 
 

7.4 Activities performed at IQSOFT 
 
In this section we present some basic activities performed at IQSOFT in the fifth phase of 
the case study. 
 
7.4.1 Using the existing quality management system 
The quality management system built in phase 4 is being used at IQSOFT ever since, 
without major changes. This fact is shown by the relatively high number of changes in the 
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prescriptions, templates, employees' propositions and problems raised in connection with 
the quality management system. The procedures are updated to fit the modified practice. 
New practice is being watched, and this gives new ideas to make things work better. 
According to the evaluations, working in conformance with the prescriptions of the quality 
management system causes about 30% of extra effort in small projects, and about 10-20% 
in the bigger projects.  
Some figures about usage of the quality management system in 1998, 1999 and 2000 are 
shown in Table 7-2.  
 

Activities / events / data related 
to the quality management system 

How   many of  them 

 In 1998 In 1999 In 2000 
new issue of the prescriptions 65 times 16 times 23 times 
new issue of the templates and 
models 

37 times 6 times 9 times 

number of external audits affecting 
the whole company 

3 1 1 

number of internal audits of the 
different departments 

23 25 27 

Nonconformities found:    
during external audits 8 2 0 
during internal audits 34 94 63 

ad-hoc 26 3 3 
purchaser reclamation 3 times 6 times 1 time 
Employees’ propositions and 
problems raised in connection with 
the quality management system 

72 87 22 

quality – oriented training About 30 man-
days 

About 30 man-
days 

About 30 man-
days 

all effort connected to quality 
management 

319 man-days 121 man-days 150 man-days 

Table 7-2: Some figures about usage of the quality management system in 1998, 
1999 and 2000 

Looking to this table one can see that in the first year of using the quality management 
system the number of new issues of prescriptions, templates and models was high, while in 
the next two years these numbers decreased. This shows that it took about one year to bring 
the prescriptions, models and templates to a level where they describe really useful 
procedures, accepted by the employees. To be noted that the modifications operated in the 
first year were, mostly, simplifying the existing procedures. In 1999 and 2000 a certain 
(lower) number of modifications on prescriptions, models and templates have been 
operated, aiming to keep them in line with the actual practice.  
The number of nonconformities found during external audits (performed by the certifying 
company) decreased (8 in 1998, 2 in 1999 and 0 in 2000), while the total number of 
nonconformities found in internal audits was relatively high each year. The nonconformities 
found in internal audits and ad-hoc were concerned mostly with documentation problems 
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(e.g. approval of certain documents were missing) and seldom with the absence of some 
mandatory procedures. For instance, in some cases the testing procedure was not 
sufficiently documented, but no audit discovered the absence of testing. 
In 1999 there was a high number (6) of purchasers’ reclamation. Analyzing them, we draw 
the conclusion that in 5 cases the subcontractors were the reason of purchaser’s discontent: 
the product developed by foreign companies and distributed by IQSOFT had errors.  
There were quite a number of employees’ propositions and problems raised in connection 
with the quality management system: 72 in 1998, 87 in 1999 and 22 in 2000. This shows 
that the people were concerned with the prescriptions, structure and functioning of the 
system, and made efforts to improve them. 
In all three years we spent about the same time doing quality training, while the total effort 
connected to quality management decreased after the first year. The decrease  can be 
explained by the fact that after having good procedures and prescriptions in place, quality 
management was done basically inside the quality department, while in the first year people 
from other departments (project managers, analysts etc.) were involved in effectively 
working on the prescriptions.  An other explanation of the same decrease can be that getting 
used with working in a standardized way took time in 1998, while in the following years the 
employees had to keep doing things already learned. 

 
7.4.2 Using metrics at IQSOFT 
 
In terms of metrics, IQSOFT used some project management metrics already for several 
years. These refer to the duration of the different activities (project related activities or not 
project related ones). All activities possible at IQSOFT are given a code, and the 
employees have to complete their daily schedule using the activity codes existing. The 
technical director keeps the evidence of the working time spent on different activities. 
Informed about possibilities and benefits of collecting metrics (on the basis of those 
presented in 7.3.1), the technical director decided in 1999 that a metrics program should be 
started. After an analysis of the actual situation (including a study of possible metrics) the 
decision to improve software estimation and productivity at IQSOFT was taken.  
The metric program was carried out using basically GQM paradigm. The goals have been 
identified by the technical director. On the basis of the goals, using examples found in 
literature, questionnaires have been worked out and given to 2 project managers to answer 
them. The questions referred mainly to planned and real values of project / phase start and 
end date, to the effort estimated and the effort really needed to complete the activities, to the 
planned and actual budget of the projects, to the complexity of the software developed, to 
the number of the requirements formulated in the beginning and the number of the 
requirements changed during the project's progress. 
The selected projects were medium sized (project team: 2-6 people, duration: 3-4 months). 
The analysis of the obtained data has shown that in both cases the effort needed has been 
underestimated and the project did not finish on the desired date .  
In case of Project 1 the underestimation of effort needed caused a delay of almost 2 months, 
and the costs of the project was of 12 mil HUF in comparison with the planned 7 mil HUF. 
The cause of the delay was probably the big number of requirements changed (from 125 
requirements formulated in the beginning 10 have been deleted, other 10 have been added 
and 40 requirements have changed during the project). During the project approximately 54 
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000 SLOC has been written. The project manager estimated that he worked on 
management issues about 10% of the total time allocated to the project.  
In case of Project 2 the underestimation of the effort caused a 1- month delay, but no cost 
increase could have been observed. The management hired subcontractors for some 
activities, which resulted in saving about 5 mil HUF in terms of project costs. In this case 
from the 104 requirements formulated in the beginning 3 have been deleted, 8 have been 
added and 14 have been changed. There are no information about the SLOC written. 
The technical director considered the data obtained interesting. Although no general 
conclusions could have been drawn, the management decided to conduct more metrics 
programs. The next such programs should have questions regarding the procedure of 
identifying the requirements in a project. 
 
7.4.3 New techniques and tools 
 
The management of IQSOFT would like to develop the existing quality management system. 
This development claims the usage of software tools which - taking into account IQSOFT’s 
specific activity: software development - are available at software companies. Configuration 
management, project management, validating and testing tools have to be integrated in the 
quality management system, to make it more specific to a software company.  
An other direction in developing the quality system is to deal with product quality, 
emphasizing the testing activity. A testing department has been established, connected to the 
quality department. In summer 2000 the testing produced good results. This activity is 
accepted by the employees and is considered a useful one. 
The structure of the quality system documentation will be probably reorganized. For the 
moment, an Intranet home-page has been developed, together with the Marketing 
department. The page contains a short presentation of all the quality-oriented issues, having 
links to the valid documents and folders. (See Figure 7-2) 
The existence of the Intranet page did not change the structure of the quality system 
documentation. The valid documents continue to be on the file server and the Outlook 
folders (as described in 6.5.2). 
In conformity with the ISO 9001 prescriptions, data related to the quality management 
activities are being recorded. We plan to do data gathering for a wider range of activities 
and events, specifying more precisely the quality attributes of the quality management 
system’s different elements. We plan to transform unstructured data gathering in a 
structured, consciously executed measurement of the different elements. The data gathered 
could be recorded in a data - base replacing the actual folder structure of the quality 
management system. 
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Figure 7-2: The Quality home-page on the Intranet 

 
 

7.5 Results  
 
The results of using the internal quality management system can be grouped in two parts: 
direct result and indirect results. 
The direct results refer to the visible outcome of the activities mentioned in 7.4. The number 
of errors, defects found in the quality system, the number of modifications done on the 
documents (see Table 7-2) are direct results. They show that the quality system is being 
used and modified to reflect the better practice. The figures obtained in the metrics program 
are also direct results. However, we were not really able to understand and use those 
measurement results. 
The indirect results cannot be directly seen, but they are reflected in the way of thinking 
about quality issues. The level of understanding has certainly progressed. IQSOFT is now 
aware of the fact that the quality-related activities performed cover just a part of software 
quality related issues: we gained visibility into our project management and technical 
processes. We are using a process-oriented approach towards software quality. The trial to 
do measurement reflected the wish to understand the processes in more detail. The fact that 
the measurement program did not produce the desired results (at least, we were not able to 
properly use the results obtained) shows that IQSOFT’ isn’t yet ready for this type of 
activity. On the other hand, the success and acceptance of the testing activities, of the testing 
team show that a move towards software product quality characteristics could be done.  
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7.6 Lessons learned in this phase  
 
With the experience of the entire case study, some important conclusions could have  been 
drawn at this moment. First, the quality framework constructed in 4.6 (see Figure 4-4), and 
modified in 5.6 (see Figure 5-5) has been completed. Afterwards, the literature approaches 
presented in the different phases of the case study ( 3.3, 4.3, 5.3, 6.3) have been placed in 
this framework. This way, the framework became an aid to look in a structured way to  the 
multitude of approaches, standards, models found in literature.  
 
7.6.1 Completing the quality framework 
 
In phase 2 of the case study we constructed a quality framework (see Figure 4-4). The 
construction was result of the understanding that three classes of entities whose quality 
attributes contribute to the quality of the software were: processes, products and 
resources. In phase 3 of the case study we changed these objects into project 
management, technical process and product (see Figure 5-5), because our experience 
has shown that these categories were better for our organization.  
A good understanding of the objects we are operating with requires precise definitions of 
the entities. The quality of the entities is described by quality attributes. Therefore, the 
vertical dimension of the matrix constructed had the elements definition and quality 
attribute. 
Going further, the theories, approaches described in 7.3.1 show that the quality attributes of 
the objects have to be of a certain level. Their level can be measured by metrics. 
Therefore, we consider that the quality framework has to be completed with the metric 
element on the vertical dimension. Here process metric, product metric and resource 
metric are placed. 
So, the third level on the quality specification axis is the metric level. The complete quality 
framework in presented in Figure 7-3.  
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Figure 7-3: The complete quality framework 
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7.6.2 The literature approaches related to the quality framework 
 
In the following we do a reviewing of all literature approaches consulted during the case 
study and presented in the thesis. We do this review by placing the mentioned approaches 
into the complete quality framework. This way, the framework helps in understanding the 
elements of the different approaches, fact that can help in choosing the best approach for an 
organization. 
We present the approaches found in literature as related to the own quality framework in the 
order they appeared in the previous chapters. 

7.6.2.1 ISO 9000 in the quality framework 
 
Once understood that ISO 9000 (see 3.3.1) is a strongly process oriented approach, 
placing it in the own quality framework results in Figure 7-4 .  
The standard series  - by definition - is concerned with the processes of an organization. As 
it involves defining all the processes of an organization, we consider that, in terms of the own 
quality framework, ISO 9000 is connected to both project management and technical 
processes. Although guidelines exist to help applying the standard to software production 
(e.g. ISO 9000-3, TickIT), we can state that ISO 9000 is a rather generic approach. It 
describes an ideal situation, therefore the gap between the actual practice and the standard 
requirements may be huge. The standard series has quality issues on the top, but it does not 
give concrete guidelines about defining, understanding and measuring quality, leaves the user 
do this. As the standard series states that it is about quality attributes of processes, we 
considered that it has week connection to the element of the own quality framework called 
"quality attribute". Definitions (of processes, quality attributes, metrics) are very generic or 
are missing. The standard states that quality attributes (of processes) should be identified 
and compliance with the identified quality attributes should be verified very strictly, e.g. by 
measurement. This is why we considered that ISO 9000 has weak connections to metrics.  
 

Figure 7-4: ISO 9000 in the quality framework 
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The ISO 9000 standards are written generically, that is they provide models, not 
specifications, they specify what as a minimum must be accomplished, without specifying 
how things must be done. Therefore, the standards must be really understood before a 
viable quality system can be built. In case of some specific activities (services, processed 
materials, software) specific guidelines have been worked out for the application of the 
standards. 
 
 

7.6.2.2 The Boehm and McCall models in the quality framework 

 
Having understood the models presented in 4.3.2.1, we can place them in the own quality 
framework built in Figure 7-3,  as shown in Figure 7-5.  
We can see that both models address product-related elements. Quality attribute of the 
product plays an important part in both models (fact suggested by the full-line arrow), while 
definitions and metrics related to products are also present (fact suggested by the plotted-

line arrows). 

Figure 7-5: The place of the Boehm and McCall model in the quality framework 

One can see from Figure 7-5 that the Boehm and McCall models do not address any 
software quality related elements but those connected to software product quality: they 
totally miss project management-related and technical process-related aspects. On the other 
hand, the elements present in the two models are not of the same degree of detail, in terms 
of quality specification dimension in the own quality framework. While software product 
quality aspects are basic - and thus well described in the models -, the definitions are rather 
weak (fact suggested by the plotted-line arrow). The importance of metrics is emphasized, 
but no concrete and detailed descriptions or guidelines about metrics to use in certain 
situations are given. The weak connection to metrics is suggested by a plotted-line arrow. 
 

7.6.2.3 Placing ISO 9126 in the quality framework 
 
Standard ISO 9126 (described in 4.3.2.2) can be placed in the quality framework built in 
Figure 7-3 as shown in Figure 7-6.  
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Like the Boehm and McCall models, ISO 9126 focuses on software product quality, 
without paying attention to other important elements, such as processes and resources. 
We can observe that ISO 9126 addresses exactly the same elements as the Boehm and 
McCall models: product definition, product quality attributes, product metrics. While in the 
case of the models presented in 7.6.2.2 the main focus is on software product quality 
attributes, in the case of standard ISO 9126 the elements " definition" and "metric" are of the 
same importance and degree of detail as the element "quality attribute" (we suggested this 
fact in Figure 7-6 by using full-line arrows). 

 

Figure 7-6: Placing ISO 9126 in the own quality framework 

  
Definitions of the quality attributes, characteristics and subcharacteristics are very precise in 
ISO 9126. The decomposition using six quality characteristics and their further 
decomposition into subcharacteristics has the advantage to simplify understanding product 
quality. Compared to the Boehm and McCall models, the decreased number of quality 
characteristics guides the user's attention towards the important aspects of software product 
quality. Still, a software product might have quality characteristics not covered by these 
decompositions, which might be a disadvantage of the standard. 
We can state that the metrics-related part of ISO 9126 in an extremely complex approach 
to the "software product metrics" subject. The metrics suggested are described and 
explained in detail. For each metric suggested measurement formula, interpretation, scale 
type and measure type are given. In addition, ISO 9126 offers guidelines to understand 
and use the metrics suggested, practical advice to evaluate product quality throughout the 
whole lifecycle of the software.  
ISO 9126 does not address process-related issues. 

7.6.2.4 CMM in the quality framework 

 
Placing CMM (described in 4.3.3.1) in the quality framework built in Figure 7-3 results in 
Figure 7-7. One can observe that in the terms of the quality framework CMM operates 
mainly on "processes", focusing on their "quality attributes". This is normal, since CMM 
classifies the software companies according to the maturity of their processes. In the context 
of the processes many details, important elements appear. For instance, CMM suggests to 
look to the project management processes, to the configuration management processes, to 
the software development processes, training programs, defect prevention, etc. Therefore 
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we consider that, in terms of the own quality framework, CMM addresses bot project 
management processes and technical processes. 
One of the key process areas on level 3 is Software product Engineering. Although CMM 
does not give much aid in identifying product quality characteristics and metrics, we 
considered that CMM has a weak connection to product quality attributes. 
CMM suggests to do measurement, but it looks to measurement as a certain process which 
needs to be defined on a certain maturity level. Therefore, we consider that in the own 
quality framework CMM has its basic connection to the quality attribute of the processes, 
and only weaker connections to the "metric" elements of the processes. We suggested the 
weak connections by using plotted-line arrows.  
Since CMM has the goal to classify the software companies according to their maturity, it 
does not give very precise definitions. In fact, it suggests that the definitions of the processes 
should be made by the companies using the model. Therefore we considered that CMM has 
weak connection to the element "definition". 
 

Figure 7-7: CMM placed in the quality framework 

 
 

7.6.2.5 Weinberg's theory in the quality framework 
 
Weinberg's theory about the maturity of the human factor (described in 4.3.3.2) in an 
organization focuses on human resources. In the own quality framework we included the 
“resource” element within the project management. Placing Weinberg’s theory in the quality 
framework built Figure 7-3 results in Figure 7-8. We can observe that this theory has strong 
connections to project management, in terms of definition and quality attribute, and weak 
connection to the metric element. 
Weinberg's theory is a complete one in terms of human resources, having its own definitions 
for the different elements that characterize a human being or a group of human beings. 
"Measuring" the maturity level of the way people are thinking in an organization is also 
present in the theory, but these measures, metrics are more or less empirical (no precise 
description is given about what a metric means and how to use a specific metric). Therefore 
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we considered that the connection of the theory to the "metric" element of the quality 
framework is weak. 
Weinberg's theory operates with the term "process" as well, but it considers the processes 
the result of different human maturity levels. The processes are not described in detail and 
not analyzed, therefore we decided not to take them into account in this context. 
 

Figure 7-8: Weinberg's theory in the quality framework 

7.6.2.6 Bootstrap in the quality framework 

 
Placing Bootstrap (described in 4.3.3.3) in the quality framework built in Figure 7-3 results 
in Figure 7-9. We can state that Bootstrap basically addresses processes.  
Bootstrap has many common elements with both CMM and ISO 9000. It looks basically to 
the processes of a company, requiring the existence of different processes on different 
maturity levels (project management processes, configuration management processes, 
software development processes, training processes, testing etc.). Therefore we consider 
that it has connections to both project management and technical processes. 
Bootstrap requires measurement procedures on a certain maturity level, as well. We 
consider that in the own quality framework Bootstrap is connected basically to the quality of 
processes, and only weaker connections to the "metric" and "definition" elements of the 
processes. 
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Figure 7-9: Elements of the quality framework addressed by the Bootstrap 
methodology 

 
Bootstrap does not give precise definitions (in any terms), but as it requires the existence of 
some definitions (e.g. a company has to define its processes), it guides the attention towards 
the importance of the definitions. Therefore we consider that Bootstrap has weak 
connection to the element "definition".  
 

7.6.2.7 ISO 15504 and SPICE in the quality framework 
 
Placing ISO 15404 / SPICE in the own quality framework, results in Figure 7-10. 
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Figure 7-10: ISO 15504 / SPICE in the own quality framework 

ISO 15504/ SPICE define themselves as a process assessment standard. As the 
organization is free to define, implement and assess any of its processes, we consider  that 
these approaches are connected to both project management and technical processes: it 
depends on the organization which processes are chosen. Even the possible process 
categories given in the standard can be grouped into project management processes 
(management, organization, customer-supplier) and technical processes (engineering, 
support).  
 ISO 15504 gives definitions of the possible process categories (Table 4-11), therefore we 
consider it having strong connections to the “Definition” element of the framework.  
As the processes are decomposed into  process components (inputs and outputs, process 
purpose, defined activities, roles and responsibilities, control points, process measures, 
performance expectations, required competencies), we can state that process quality is 
addressed by ISO 15504 / SPIC E.  On SPICE capability level 4 process measurement 
attribute is assessed, therefore we can state that process (both PM and TP) metrics are 
addressed.  
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Any process can be connected to products in a way or other, but as ISO 15504 / SPICE 
do not address products explicitly, we did not connect the approaches to the “product” 
element of the framework. 
 

7.6.2.8 Project management methodologies in the quality framework 

 
If we try to place project management oriented approaches (sketched in 5.3.1) into the 
quality framework built in Figure 7-3, Figure 7-11 results. Project management 
methodologies address basically project management processes, being concerned with their 
quality attributes and associated metrics. The project management methodologies, generally, 
do not give precise definitions, quality attributes or metrics to use. They focus on the 
necessity of the existence of precise definitions. Therefore we suggested the connections to 
the elements of the quality framework by using plotted line arrows. 
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Figure 7-11: Project management oriented approaches in the own quality 
framework 

 
As the basic goal of project management methodologies is to assure that the results of the 
activities are of the required quality, we can state that - in terms of the quality framework - 
project management methodologies can address any element of the framework. However, 
as the basic goal of project management methodologies is connected to project 
management, we did not take into account the possible resulting connections to other 
elements of the quality framework. 
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7.6.2.9 GQM in the quality framework 

 
Putting GQM (presented in 7.3.1.2) in the quality framework built in Figure 7-3 results in 
Figure 7-12. We can see that GQM is an approach that can refer to project management 
processes, technical processes and products, according to the needs / goals set by a specific 
company. It can offer a complex approach to quality if those who conduct the measurement 
program have sufficient experience and understanding of the subject. It's also worth to note 
that GQM provides guidelines helping in the usage of the paradigm.  However, GQM does 
not provide any concrete definition, quality attribute or metric. It emphasizes on the process 
of doing measurement, but it leaves it to the user to decide about the concrete elements. The 
templates developed to support GQM can help in identifying the elements needed to do 
measurement in a specific environment. 
We suggested the fact that GQM can refer to any object (project management, technical 
processes, products), can associate quality attributes to them and can measure the 
associated quality attributes by arrows to all these elements in the quality framework. The 
fact that the elements chosen depend on the user of GQM, is suggested by the usage of 
plotted lines. 

 

Figure 7-12: GQM in the quality framework 

 

7.6.2.10 ISO 9001:2000 in the quality framework 
 
Placing ISO 9000:2000 (presented in 7.3.2) in the quality framework built in Figure 7-3 
results in Figure 7-13 . 
We can see that ISO 9000:2000 focuses basically on processes. In terms of the own quality 
framework, we can state that it focuses both on project management and technical 
processes. Definitions are more detailed than in ISO 9000:1994 and a strong measurement 
focus can be observed (chapter 8 of the standard). The processes have to be understood 
and defined by the companies using the standard, and measurement processes also have to 
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be identified according to the concrete situation.  Because of the strong emphasis on the 
need for definitions and on the need for metrics we consider that ISO 9000:2000 has strong 
connections to definitions and metrics of processes.  
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Figure 7-13: ISO 9000:2000 in the quality framework 

 
ISO 9000:2000 does not give any concrete definitions of processes or metrics. However, it 
suggests a new way of thinking about quality-related activities. In our opinion ISO 
9000:2000 takes the process-oriented approach suggested by ISO 9000 closer to the 
TQM  ideas. 
  

7.7 Conclusion 
 
In this chapter we presented the fifth phase of the case study run at IQSOFT. The 
assessment of the existing situation referred to the period after IQSOFT obtained the ISO –
registration. We described the activities done in order to develop the existing quality 
management system. Two possible directions have been tried: to make use of metrics and to 
emphasize product quality characteristics by doing testing. The first trial (using metrics) did 
not give the desired results, but the testing activities seem to be successful. This shows that 
the level of understanding at IQSOFT still does not reach the level required to do efficient 
measurement. 
In the end of the chapter we presented some lessons learned in this phase. Most important 
was the completion of the own quality framework built in the previous phases of the case 
study. The approaches found in literature, consulted during the case study, have been placed 
in the own quality framework. This way, the framework offers aid in structuring the different 
approaches. 



 115



 116

 

8 QMIM - Quality through Managed Improvement and 
Measurement 

 

8.1 Introduction 
 
This chapter presents the solution to the problem described in 1.6: it offers an approach to 
deal with the variety of objects, approaches, standards, prescriptions regarding the 
elements of software quality management. 
The solution given is based on the construction of the quality framework throughout the 5 
phases of the case study, described in chapters 3-7.  
In 8.2 a short review of the problem is given. Afterwards, we describe the “QMIM 
idea”(8.3), and the QMIM reference framework and reference model is constructed step 
by step (8.4). In the following the elements of the reference framework are described (8.5). 
QMIM data model is described in 8.6. The elements of the reference process model are 
shown in 8.7.  In the end of this chapter a comparison is made between QMIM and some 
models, approaches found in literature (8.9).  
 

8.2 Short review of the problem 
 
As software became a component of everyday life and business, issues related to its quality 
started to be as important as in the case of any other product. The fact that producing 
software of a provable high quality became for the software companies a condition of 
staying in the market, enforced these companies to think about quality improvement 
activities. This is probably the cause why so many process improvement experiments and 
measurement programs are initiated, but - as literature shows (e.g. [Genuch91], [Hetzel95], 
[Pfleeger95], [Pfleeger95/2], [Schulen&95])- few of them are really successful. 
The final scope of improvement activities is, normally, to have higher quality products. As 
identifying and measuring software product quality characteristics is rather difficult, in many 
cases it is replaced by improving the processes that build the product. 
Analyzing a software producing unit, one will come to the conclusion that besides products 
and processes the managerial aspects, that assure the framework for the optimal 
functioning of the processes, are also important.  
Dealing with software quality means that quality attributes of all mentioned important 
elements should be identified. Software organizations trying to do improvement on any part 
of their activity will come to the conclusion that doing measurement on the different objects 
is compulsory and useful: measurement can provide the key information needed to 
make things better, to do improvement. 
So, it would be wise to define a company-wide improvement program, implement it and 
keep it operational: to do measurement and improvement on products, on processes, on 
managerial aspects, to make the (previo usly defined) quality attributes become better. These 
activities have to be done in a well-defined and controlled way: what needs to be done is 
managed improvement and measurement. 
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Anyone trying to define such an improvement program will soon come to the conclusion that 
this job is much harder than it seems. 
Literature offers a large variety of approaches, standards, methodologies, best practices, 
each of them dealing with just a part of the important elements. Given the abundance of the 
different approaches, and noticing that some approaches overlap, while others seem to be 
completely different, a low maturity level software organization does not find much 
help in literature when it starts dealing with quality. In literature there is no unified, 
balanced model to tell a company - specially to one situated on a low maturity level - 
how to start dealing with all important elements, in a way that seems realistic for the 
company in case, and will take it to the desired results (improvement).  
However, a starting point for the company’s improvement activities should be chosen! 
Our aim is to provide such a starting point with the model presented in the next sections. 
 

8.3 The “QMIM idea” 
 
In 1.6 we pointed out that there is a large diversity of approaches in dealing with software 
quality, while a unified, balanced view is missing. Moreover, many approaches speak about 
processes, without explaining what they mean by process, without a distinction of different 
process types. These problems are faced painfully by low maturity level organizations, which 
look for an aid to show them the direction to go. 
Our solution is a model, called “Quality through Managed Improvement and 
Measurement” (further: QMIM). The model is composed of a reference framework and a 
reference process model, has several, well-defined elements. The elements can be grouped 
into a database, too. As the name suggests, QMIM is not a universal solution to all software 
quality problems, it is just “reference”. However, we tried to build this reference 
(framework and process model) in the manner that contains all the important aspects to be 
taken into account when doing quality management. The software companies can compare 
their quality system elements and quality processes to the QMIM reference and decide in 
what direction to move. QMIM contains guidelines that help companies to build their own 
processes. 
QMIM can be used as an aid to structure the approaches offered by literature. It is not 
meant to replace any approach, standard or model found in literature. 
 

8.4 Constructing the QMIM reference framework 
 
In chapter 4, after showing that software quality is a complex subject and can be 
approached in many ways, we constructed a quality framework (section 4.6, Figure 4-4). 
We called it “the chosen quality framework”, because it was basically a matter of decision 
which objects to take into account. The framework is represented as a matrix, having on the 
horizontal dimension the objects of software production used by Fenton: processes, 
products and resources. Vertically, we placed elements that “tell something” about the 
objects. We made the decision to take into account the definition and quality attribute 
elements.  
This framework was changed in chapter 5, section 5.6 to what we called “the own quality 
framework” (Figure 5-5).  The elements of the vertical dimension remained unchanged, 
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while the objects of the horizontal axis changed to project management, technical process 
and product. The arguments for the change are to be found in our personal experience at 
IQSOFT, described in 5.5.2. We have seen that the processes of our company could be 
divided into project management and technical processes. This made us separate 
Fenton’s “processes”, while we included Fenton’s entity “resource” with the project 
management issues. We kept the entity “product” unchanged. 
In chapter 7, section 7.6 we completed the own quality framework (see Figure 7-3), 
obtaining “the complete quality framework”. The reason of this completion was the 
finding that metrics  are very important if we want to tell something about the quality of an 
object. Therefore, we included the “metric” element among the elements of the vertical axis. 
In the framework only the nodes of the matrix bear a well-defined meaning. They represent 
the definitions, the quality characteristics and the metrics associated, respectively, to 
project management, technical process and product. 
“The complete quality framework” was result of personal experience aimed to do efficient 
improvement on quality issues at a software company. We wanted to do improvement in 
software quality in a well-defined, managed way. We tried to take into account many 
existing approaches. We measured the results of the improvement activities, seeing if they 
were efficient or not (e.g. by Bootstrap assessments).  
Therefore, the framework resulting from these trials can be called the “QMIM reference 
framework”.  
 

8.5 The elements of QMIM reference framework 
 
In this section we give the detailed description of QMIM framework's elements. In the first 
part the basic elements, explicitly appearing, are presented (project management, technical 
process, product, definition, quality attribute, metric). Afterwards we present elements that 
resulted from the understanding of the basic elements and their interaction (activity types at a 
software company, project management model, project type model). 
 
8.5.1 Project management 
 
Project management (PM) is the totality of activities carried out for the successful 
completion of a project. These activities are concerned with assuring the frame, environment 
that makes it possible to complete the project within the time and budget planned. Using the 
available resources in an optimal way, in order to produce the planned result of the project 
with the desired quality attributes are further goals of project management. 
Project management is done by people,  who have the task to plan, follow and control the 
project. Project managers are not obliged to have detailed insight into the technical activities 
of the project.  
Project management can be aided by project management methodologies, which give 
guidance in the activities to be done to have a successful project, and the sequence of these 
activities. An organization can use existing project management methodologies (see 5.3.1), 
but can develop a customized methodology, as well. In 5.4.1 we argued for the 
development of an own methodology, which would take into account the specific situation of 
a company. 
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Literature and personal experience show that project management activities are the most 
stable ones in software organizations, therefore they can serve as a good starting 
point in the process of standardization. 
 
8.5.2 Technical process 
 
Technical processes are the processes that are connected to the technical work done in a 
software project. They can differ from project to project, according to the specificity of the 
work done. We consider technical process for instance, the process of a system analysis, 
the definition of the requirements, developing a data base system, making a system 
integration and so on.  
Technical processes (normally) are integrated in the project management processes. 
Technical processes are executed by the "technical people" (analyst, programmer, tester…). 
Technical processes can be aided by certain methodologies  (e.g. system development 
methodologies), which give guidance in the activities to be done, and the sequence of these 
activities. An organization can use existing methodologies, but can develop own 
methodologies, as well.  
 
8.5.3 Product 
 
We call software product "the set of computer programs, procedures and possibly 
associated documentation and data". "Products include intermediate products, and products 
intended for users such as developers and maintainers." [ISO12207]. 
In our opinion, the software products are the results of the technical processes. Project 
management takes care that the technical processes can be optimally executed, in order to 
produce the desired product, with the desired quality attributes. 
 
8.5.4 Definition 
 
The definitions specify what is meant by a certain concept or element of the QMIM 
reference framework. Definitions are needed to avoid ambiguity in case of the concepts, 
elements of the model. 
We gave the definition of project management in 8.5.1, the definition of technical process in 
8.5.2 and a possible definition of product in 8.5.3. The glossary of terms included in the end 
of the thesis includes all the important definitions used (explicitly or implicitly) in the thesis. 
 
8.5.5 Quality attribute 
 
"Quality is the totality of characteristics of an entity that bear on its ability to satisfy stated or 
implied needs" [ISO8402]. "An attribute is a measurable physical or abstract property of an 
entity" [ISO9126-1.2]. A quality attribute is a key attribute identified usually by the user as 
being important in defining the quality of the object in case, in the situation in case. 
Attributes can be internal or external. Internal attributes are those that can be measured by 
examining an object on its own, separate from its behavior. External attributes are those that 
can be measured only with respect to how the object relates to its environment 
[Fenton&97]. 
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In the QMIM reference framework internal and external quality attributes are not separated. 
However, it is up to the user of the model to define internal and external quality attributes. 
QMIM does not give lists of possible quality attributes, but encourages the user to define 
them, using approaches found in literature. 
It is important that in our approach quality attributes can be associated to any object in the 
model. In consequence, we speak about project management quality attributes, 
technical process quality attributes and product quality attributes.  
 
8.5.6 Metric 
 
In the definition given by [ISO9126-1.2] "a metric is the defined measurement method and 
the measurement scale".  
We consider that the quality attributes of the objects are measured using metrics. We 
consider the process of measurement as being straightly connected to the concept of 
metrics. 
Metrics can be of different scales (nominal, ordinal, interval, ratio, absolute), can be internal 
or external and direct or indirect. In the QMIM reference framework metrics are not 
explicitly separated according to their scale type, nor grouped as internal, external, direct or 
indirect metrics. 
Important is to understand that all objects have associated quality attributes which can be 
measured by metrics. Therefore, we speak about project management metrics, technical 
process metrics and product metrics.  
Selecting the right metrics and right measurement method is a difficult job. The aim of 
QMIM is not to give an exclusive list of metrics to apply, nor to tell which measurement 
method is the best. QMIM wishes to give guidance in selecting metrics and measurement 
methods based on what literature offers, and on own practice.  
Some concrete product metrics can be found e.g. in ISO 9126 (presented in 4.3.2.2.).  
 
8.5.7 Activity types at a software company 
 
One basic idea in the QMIM reference framework is the distinction between (two) different 
activity types carried out in software companies: activities needed for a successful project 
management and activities depending on the type of the project, needed for successful 
completion of the project's technical goals. 
Our personal experience (described in 5), as well as the literature consulted (e.g. 
[Schulen&95], [Humphrey89], [Weinberg92], [Smith&89]) show that, while technical 
activities differ widely in most of the software organizations, project management 
activities are much more stable in an organization. Hence the idea that project 
management can be regarded as a common framework for all the projects of a company.  
 
8.5.8 Project management model 
 
QMIM suggests that project management activities should be separated from the technical 
activities of the project.  
Modeling the projects from a managerial point of view, the project management model is 
built. (See Figure 8-1) 
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Project -management model

Project-type model

Preparation Start Execution Conclusion

 

Figure 8-1: Project management model 

 
This model is not concerned with the technical activities done in a project, but it shows the 
project life - cycle from the management point of view. Its aim is to define the necessary 
project management activities, as well as their sequence to be performed in each life- cycle 
phase.  
If approached exclusively from the project - management point of view, any (software) 
project has the following life cycle:  
• Preparation 
• Start 
• Execution 
• Conclusion. 
Our opinion is that the basics of this model can be used almost unchanged in many software 
organizations, and only minor changes in the model may occur. The different company-
models for project management will not differ in their life-cycle. They may differ slightly in 
the activities and their sequence to be performed in each life- cycle phase.  The input, output 
and deliverables of each phase / activity, the organization and the role needed, the way of 
reporting and recording progress, the quality objectives to be reached and the way of 
checking them might also be different in many organizations. 
In Appendixes, 10.2.1 we described in detail the elements of a project management model 
as identified at IQSOFT. 
 
8.5.9 Project type models 
 
Most of the technical processes are executed in the Execution phase of the project 
management activities. The project - type model is concerned with the aspects of the 
technical work done in the project. It shows the technical life – cycle: the activities and 
their sequence to be performed in each life- cycle phase. The input, output and deliverables 
of each phase / activity are also shown in the model, as well as the organization and the roles 
needed for them, the way of reporting and recording progress, the quality objectives to be 
reached and the way of checking them.  
While the project management models can be considered stabile in many organizations, the 
type-models will be different for different organizations, and within one organization 
there probably will be more project type-models. The outcome will be different for each 
organization and for each activity type, although - probably - common elements will be 
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possible to be identified. In Appendixes, section 10.2.2 we described some examples of 
type models identified at IQSOFT.  

8.6 QMIM data model  
 
While we execute the activities suggested by the QMIM reference framework, we will 
generate all kinds of data. We will describe the project management and the technical 
processes, we will identify different quality attributes and metrics to measure them, we 
will record data regarding evolution of projects, results of measurements etc. Therefore, 
we consider it appropriate to have a static  data model / view of QMIM framework, which 
will guide us in storing the different data. This is the QMIM data model. 
In storing the data, two directions seem to be possible. We might store specific data first 
(data related to a certain, concrete project, technical process or product), and,  after 
understanding the objects and their interconnections, we might want to record the generic 
data (which characterizes the overall, managerial and technical processes and the products) 
as well.  
An other direction could be to start by recording generic data of the field (related to the 
object) first understood and modeled in the framework, attaching specific data later. 
In any case the generic data will give us suggestions, guidelines in forthcoming practice, while 
the specific data will constitute valuable historical data. 
If the database will contain first specific data (which will be possible to use later as historical 
data), as we identify the generic data, it is wise to build an other database for storing them, 
but which has connections to the database containing specific data. The data bases are 
mirrored. 
In the data diagram we split these two views: we have one detailed data diagram for the 
generic level (Figure 8-2), and an other one for the specific level (Figure 8-3). 
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Figure 8-2:  Data model of QMIM. “Generic data” level. 
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Figure 8-3: Data model of QMIM . “Specific data” level. 

 
A concrete example of a functioning data model is presented in 10.4.1.  
 
8.6.1 Characteristics of the elements of the data model 
 
Related to the structure of the database, we have the following conventions (as resulting 
from the theoretical basis of the model): 
• One technical process follows exactly one development methodology (in fact 

“development methodology” is the set of prescriptions attached to a certain technical 
process =  process type model). 

• The concrete technical processes can differ (e.g. they use just a part of the 
methodology). 

• One development methodology is followed by exactly one (technical) process type  
(arguments same as before). 

• One project follows exactly one PM methodology 
• One PM methodology can be followed by more projects 
• In fact all projects follow the same PM methodology (unique for the company). 
• Concrete projects will not differ in terms of PM methodology (PM model) - all projects 

will have the same phases in terms of PM = structure from the generic project model.  
• A quality attribute can be measured by one or more metrics. 
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• A metric can measure one or more quality attributes. 
 
According to these conventions, data items of the QMIM database can be identified, their 
characteristics, relationships with other data and the type of the relationships should be 
described. In Appendixes, 0 we present the possible data items of the database by their 
name, characteristics, examples, relationships with other data and the type of the 
relationships. 
 
8.6.2 Remarks about building the QMIM database 
 
QMIM reference framework should be regarded as a possible solution that helps in 
providing a unified view of elements present in the software production. Of course, no 
one expects a company to build the database presented before exactly in the way we 
suggested. There is a high probability that elements of QMIM already exist in many software 
companies. In such cases the existing elements can be used, refined or extended using 
QMIM ideas. These ideas can also help in integrating different data types (eventually 
recorded separately about processes, products, metrics). 
We mention that there will be probably no need to build a database as the one presented in 
Figure 8-2 from zero: in different companies one will find some part(s) of it already existing. 
What we give is a suggestion to link our data coming from all domains of software 
production. 
 

8.7 QMIM reference process model 
 
In this section we present the elements that contribute to using QMIM as a reference 
process model. We describe those aspects of QMIM, that make it applicable in different 
organizations, as a reference, when the organizations wishes to develop or structure its own 
processes. The dynamic aspects of QMIM show how it helps an organization to start 
dealing with quality and the ways of using it in an organization. The guidelines support 
QMIM reference framework, its elements and make QMIM applicable in an organization. 
The guidelines help an organization to work out its own processes related to quality. 
 
8.7.1 Dynamic aspects of QMIM  
 
When describing the QMIM reference framework (8.5) and the QMIM data model (8.6), 
we described the static elements of QMIM. However, the way how QMIM is used in an 
organization is also important. There are many elements that can differ: the elements defined, 
the degree of detail of the definitions, the interconnections observed, the literature 
approaches or their elements chosen at a certain moment of time by an organization. The 
differences may appear due to the specificity of the organization using the model, due to the 
level of the organization's maturity, due to the degree of change accepted by the 
management. Therefore, we consider it appropriate to describe dynamic aspects of the 
model. Organizations change over time, and in different stages the model will be applied 
differently. 
Dynamic aspects are concerned with the problems mentioned before, i.e. the dependence of 
applying QMIM on organizational specificity, on its maturity, on the level of change at 
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certain moments. The differences in using QMIM in different moments of time by different 
companies have to be searched mainly in the actual maturity level of the company, but other 
aspects (e.g. business perspectives) can influence (and change over time) the quality-policy 
of the company26. For instance, a company can define the security of its products as a main 
quality goal in case of development of a banking system. If for another project of the 
company the most important thing is to hand over the new system in time, project 
management and technical process issues will be put in the first place. 
Dynamic aspects are caught by approaches found in literature (e.g. CMM, Bootstrap, ISO 
9000, Weinberg's theory), and they certainly came out in the case study presented. We 
explained, for instance, in 6.6 why, in our opinion, at IQSOFT it was possible to achieve in 
1997 and 1998 what seemed impossible to do in 1993. The organization grew in maturity, 
the attitude of the management became strongly supporting, the wider knowledge about 
software quality led to the idea that small steps should be taken in improvement activities, 
and, most important, the right direction of the steps to take has been identified. 
The dynamic aspect of QMIM is basically concerned with explaining how QMIM works. 
It is important to understand that the framework offered by QMIM should be kept in mind 
in any moment of time, on whatever maturity level the company is situated on, may its 
business goals be as they are. The degree of detail in which a concept can be defined at a 
certain moment depends on the maturity level on which the company is situated on, but it is 
very important to think of all concepts on any maturity level. As the company grows in 
maturity, the focus will shift from one concept to another. 
We suggest that software companies situated between levels 1 and 4 of CMM should think 
about the following basic activities in order to deal with quality management issues: 
• define project management 
• define technical processes 
• define products 
• define supporting metrics. 
To be noted that we did not give sequence numbers to the four basic activities mentioned 
beforehand, suggesting by this fact that the activities can be performed in any order. 
However, our experience has shown that performing them in the sequence: (defining 
project management → defining technical processes → defining products → defining 
metrics) works in the best way in low maturity level software companies.  
QMIM lets the company decide into what direction to go, after understanding its own 
situation. 

8.7.1.1 How QMIM helps an organization to start dealing with quality? 
 
We consider it proper to summarize at this point how QMIM can be used in an organization 
that wishes to start dealing with the complex subject of quality. 
First of all, QMIM helps in identifying the actual state of a company’s quality management 
system, compared to a reference model. This reference model is QMIM reference 
framework (represented in Figure 5-5). The reference model suggests that the objects that 

                                                 
26 To be noted that no known approach takes into account organization specificity! The idea that different approaches, 
standards can be implemented in an organization only in a customized way results from some case studies, models 
described for example in [Kusters&93], [Trienek&94], [Trienek92].  
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require attention are: project management, technical process and product. These objects 
need to be understood and defined in the own organization, quality attributes have to be 
associated to each of them, and the level of the quality attributes have to be measured using 
metrics. 
In a low maturity level organization few elements of the suggested framework will be in 
place. However, in the framework offered by QMIM the situation when no quality 
management system is in place can also be regarded as a certain “level”.  
Looking to the framework suggested by QMIM, the organization is helped to 
understand the place and the interconnection of all elements that are important to 
deal with quality in a complex, unified and balanced way.  
Then, using the QMIM framework, the company can choose the own direction of 
development, depending on its maturity, specific business goals in a certain moment 
of time, business policy and so on.  
Some possible approaches of using QMIM could be: 

• Define all objects of the framework in the specific organization (start completing the 
matrix horizontally) (see Figure 8-4, approach 1.) 

• Define all aspects of an object, e.g. project management (complete vertically the 
PM aspects in the matrix) (see Figure 8-4, approach 2.) 

 

 

Figure 8-4: Two possible approaches to start dealing with quality 

 
After a starting point has been chosen, QMIM suggests at any maturity level, in any moment 
of time the same framework, the completion of which means that the company in case is 
dealing with all important elements of software quality management in a unified, balanced 
way. At the same time, as the approaches offered by literature are always in focus of the 
attention due to the very structure of QMIM, of its concepts and guidelines, such an 
approach will be conform to some "core idea" of all approaches. For instance, defining 
project management and technical processes will end in an ISO 9000 (or TickIT)-conform 
quality system, defining product quality characteristics will bring ISO 9126 - conformity, 
measuring can be done using GQM paradigm, and so on.  
The direction of evolution will follow the maturity levels defined by CMM, assessable. 
A possible direction of evolution in using the QMIM framework can be seen in Figure 8-5. 
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Figure 8-5: A possible direction of evolution in using QMIM 

 

8.7.1.2 Ways of using QMIM in different organizations  

 
This aspect of QMIM refers to the concrete help that can be provided by it in different 
situations, to different organizations.  
QMIM can be used in the following way: 
Step 1:  
QMIM helps in identifying “what it is” (the actual state of the company) in the field of: 

• Concepts 
• Definitions 
• Procedures 
• Support (templates, tools etc.) 

The identification is done looking to the QMIM reference framework. The result of this 
identification will be the company’s version 0. quality system. Its degree of complexity 
reflects the company’s actual level of maturity. 
Step 2: 
The Quality system version 0. will be compared to a reference. QMIM is a high level 
reference framework, that shows how a quality system that takes into account all important 
elements of software production should look like.  At the same time, QMIM is an abstract 
reference used to understand the strengths and weaknesses of the actual situation. 
The comparison will result in noticing of: 

• Elements that are missing 
• Elements that are not missing 

On the basis of the comparison an analysis can be done. 
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The missing elements will be added. The elements to be added will be chosen as result of a 
decision, taking into account the maturity level of the company and the body of knowledge 
containing existing approaches, described in literature. The framework will be completed 
gradually, as shown in Figure 8-4 and Figure 8-5. 
For the existing elements quality attributes can be defined, and their quality can be judged 
(maybe using metrics). 
The result will be a quality system version 1. 
It is important to notice that QMIM suggests possible directions of growth / improvement. 
After a direction of improvement has been chosen, QMIM offers the possibility to choose 
among existing approaches in order to achieve that improvement. (e.g. ISO 9000 can be 
chosen if the organization wants to define its processes, ISO 9126 can be chosen if the 
organization wants to understand its products etc.) 
Step 3: 
Quality system version 1. will be compared again to the reference provided by QMIM. Step 
2. is repeated, resulting in a quality system that is more and more complete, closer to the 
reference. 
These steps are represented in Figure 8-6. 
 

Figure 8-6: The way of using QMIM in different organizations  

 In case of building a quality management system – in any step of the process presented 
before – all aspects of quality management should be taken into account. Quality 
management, in general, is divided in several sub-issues, namely: quality policy and quality 
organization, quality planning, quality control, quality assurance. Quality policy and 
organization are defined, generally, when a certain maturity level has been reached. At 
IQSOFT these issues have been defined in phase 3 and 4 of the case study, when the 
maturity of the company came close to level 3 of CMM. The quality policy was defined 
responding to the referring ISO 9001 requirement.  
Quality planning and quality control can be done on the level of the different activities of a 
company (e.g. projects), but can be done for the whole organization, as well. First it is 
probably easier to make quality plans separately for the existing projects and do the quality 
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control within projects. This way the elements taken into account are fewer. In case of a 
well-functioning quality management system, quality planning and control has to be done 
globally, on organizational level. To do this, a deeper understanding of the elements and of 
their interconnection is required. 
QMIM reference framework provides aid in high level quality planning, by guiding the 
attention towards the elements to be taken into account. Deciding on the direction of 
evolution by choosing an element of the framework (process management, technical 
process, product) and understanding it on a certain level (defining it, associating quality 
attributes and / or metrics to it) means that the main direction of improvement has been 
determined. This issues is, in fact, a global quality planning for the whole organization. 
At IQSOFT global quality planning and control started to be done after the company got 
ISO 9001 certified. This means that the management is considering which direction to 
choose: either implement metrics for the already defined elements (project management, 
technical processes) or to start concentrating on the product element (see 7.4.2 and 7.4.3). 
Quality assurance implies that the achieved results in a quality improvement program should 
be consolidated and reinforced each time. As one can see in Figure 8-6, the QMIM 
framework implies the understanding of the existing situation, compared to a reference, after 
each step of development.  This means that the results of the step just finished will be 
analyzed and understood. Therefore, QMIM strongly supports quality assurance. This 
aspect implies two loops of learning: in the first loop there is a continuous improvement of 
the existing practice, assuming that the basic conditions and assumptions are not changing. 
The second loop is about adapting the approaches found in literature to the own situation. 
This can happen if the environment has changed, fact that implies a new quality model.  
At IQSOFT the first approach used to deal with quality was ISO 9001. By that time, the 
organization was not ready for other approaches (in fact, in the beginning it was not ready 
for ISO 9001 either, as seen from the first phase of the case study, described in 3.4, 3.5, 
3.6. The ISO 9001 approach has been successfully implemented in phase 3 of the case 
study (5.4). Development of the ISO-conform quality system equals to the first loop of 
learning, mentioned before. The second loop of learning means at IQSOFT that 
interconnections with other approaches have been understood (CMM, Bootstrap, ISO 
9126, GQM). The company is, in present, in a moment of decision: which approach should 
be chosen to complete the existing quality management system. 
 
8.7.2 QMIM guidelines 
 
QMIM guidelines have been developed to help making the QMIM framework operational. 
They support the elements of the framework, and make them applicable in an organization. 
Having QMIM reference framework as a starting point, the guidelines provide aid in 
populating the quality framework and using it in the way that fits the company's goals 
in the best way. 
The guidelines, in fact, help build a company’s own methodology to deal with software 
quality in a unified, balanced way. Using the guidelines, the company can build its own 
process model(s). 
The guidelines are structured into 3 levels. The high-level guidelines give the main ideas 
about the introduction of a quality improvement program. The middle-level guidelines specify 
some details of the improvement program, using QMIM terminology. The low-level 
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guidelines give advice about the activities to be performed in order to achieve the 
improvement. 

8.7.2.1 High level guidelines 
 
The high level guidelines refer to the importance of identifying the need for a change. 
Assessment of the current situation is needed, and a platform for the quality management 
activities has to be identified. Next, the desired change has to be made (at this level we do 
not insist on the nature of the change). The results of the change have to be seen, therefore 
adding a low level data gathering program is recommended. The change should be 
consolidated. Afterwards, the existing situation can be assessed, and a new change can be 
made. The data collecting program will become more and more complex as a set of changes 
is implemented. Summarizing, the high level guidelines are (H is for High level): 
H1. Create a platform for the quality management activities. 
H2. Assess the current situation.  
H3. Make a change. 
H4. Add a data gathering program for the elements introduced. 
H5. Consolidate the change. 
H6. Go back to assessment of the actual situation. 
The simple process presented here contains the basic elements of a quality improvement 
program.  
The high level guidelines are presented in Figure 8-7. 
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Figure 8-7: QMIM high level guidelines 

If any of the mentioned activities is missing, it is very probable that the improvement program 
will not produce the desired results.  
In the first phase of the case study described (chapter 3) the existing situation has not been 
assessed. Therefore, the step we tried to make was too big (we wanted to reach CMM 
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level 3 from level 1). The change implemented was not operational: it consisted only in the 
development of a set of documentation. The management did not properly implement the 
change, the usage of the prescriptions was not mandatory. We did some data-gathering, but 
in an unstructured way, without understanding the meaning of the data gathered. This change 
could not be consolidated (it’s a question even if it was a change). 
In phase 3 of the case study (chapter 5) all the elements present in QMIM high level 
guidelines were present. The existing situation has been assessed, the change was made 
consciously. Data about its effectiveness was gathered and analyzed, the feedback obtained 
was used to improve the implemented system. The change was consolidated by trainings, 
presentations, and, first of all, by a very strong management support. Due to these activities, 
the implemented change became organic part of the company’s way of doing things. 

8.7.2.2 Middle level guidelines 
 
The middle level guidelines start from the activities described in the high level guidelines. 
They present some of them into somewhat more detail. They insist on the nature of change 
to make and on the characteristics of the data gathering program.  
The middle level guidelines can be represented in the same way as the high level ones, 
detailing some blocks of the flowchart. Detailing the “make a change “guideline, means to 
look to the nature of change.  
Regarding to the nature of change, these guidelines tell the user to make a conscious 
decision about the direction of evolution. A decision has to be taken on the elements that will 
be implemented in the actual step of changing. Having in mind QMIM reference framework, 
the user can choose from 3 possibilities (see Figure 8-8 for the representation). 
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Figure 8-8: QMIM middle level guidelines, (a) 

 
The 3 possibilities to set the direction of change are: 
• Concentrate on project management processes. 
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• Concentrate on technical processes. 
• Concentrate on products. 
When starting to deal with software quality, first the definitions of the important objects are 
needed, then their quality attributes can be defined and metrics can be associated.  
The order of detailing certain elements depends also on a conscious decision. Our 
experience shows that it is best if we start with the definitions, then associate quality 
attributes to the defined elements, then associate metrics to measure the quality attributes.  
The two decisions made (about the object of change and about the level of detailing the 
characteristics of that object) mean that the user decides upon the way of completing the 
QMIM reference framework. It can be completed horizontally or vertically (this issue has 
been explained in section 8.7.1.1, Figure 8-4). 
The process of identification of the main objects is a complex one. It depends on the 
specificity of the company and its level of maturity. Therefore, the maturity of the 
organization should be assessed in a way that provides well understandable data. We 
suggest to do the assessment on the basis of CMM model. This way, a number on the scale 
1-5 is obtained, reflecting the actual maturity level of the company.  
QMIM framework suggests that the objects and their characteristics can be defined in any 
organization, at any moment of time. The complexity of the definitions, quality characteristics 
and metrics will differ depending on the company’s maturity level. 
However, our experience has shown that in a low maturity level organization (where CMM 
maturity level is < 2) it is possible to start quality oriented work by concentrating on project 
management issues. Having a project management system in place will result in an increase 
of maturity level, bringing a company to level 2 in CMM. In this moment the definition of the 
technical processes can be done, resulting (most probably) in an ISO 9001-conform quality 
management system, with a maturity level increased to around 3. Afterwards, products can 
be defined, further increasing the maturity level.  
In all cases quality attributes can be defined and metrics can be associated to the defined 
elements. 
Making the decision according to the maturity level of the company results in representing 
the middle level guidelines as in Figure 8-9. 
In the following, we present the middle level guidelines numbered, letter M is for Middle 
level. To show the connections with the high level guidelines, these are also presented (H1-
H6). 
Resuming, the middle level guidelines can be described as follows : 
H1. Create a platform for the quality management activities. 
H2. Assess the current situation using CMM model. 
H3. Make a change. 

M1. Depending on the maturity level of the company, choose a direction for the 
change. 

M1.1. If maturity is < 2, concentrate on project management. 
M1.2.If maturity is = 2, concentrate on technical processes. 
M1.3.If maturity is = 3, concentrate on products. 

M2. Define the object chosen, define its quality attributes. 
H4. Add a data gathering program for the elements introduced. 

M3. Associate metrics to the object of the change. 
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H5. Consolidate the change. 
H6. Go back to assessment of the actual situation.  
 

Create (identify) a platform for the quality
management activities

Add data gathering program 
for the elements introduced

Use literature support to find appropriate metrics

Consolidate the change

Make a change

Maturity level
< 2 = 2

>=3

Define PM Define TP

Assess the current situation
Use CMM for assessment

Maturity level
>= 4

Define P
No

Yes

 

Figure 8-9: QMIM middle level guidelines, (b) 

If looking back to IQSOFT case, we can state that (although without knowing QMIM) we 
worked according to (b) variant of the middle level guidelines. We identified the direction of 
change after the assessment of the actual situation. When the company’s maturity was < 2, 
we defined a project management system (5.4.1), implemented and consolidated it. This 
way, we reached level 2 of maturity. We did some project management measurement 
regarding the time, effort and cost of activities. Afterwards, we defined the technical 
processes (6.4) and got ISO certified. This is said to be equivalent to level 3. We tried to do 
measurement on technical processes, but not with much success. It seems that concentrating 
on the product, by developing the testing processes, gives better results. 

8.7.2.3 Low level guidelines 
 
QMIM low level guidelines present the steps existing in the high level and middle level 
guidelines in more detail. The low level guidelines consist in a set of practical advice referring 
to the activities to be done and their sequence. The main steps are: creating a platform for 
the quality management activities, assessing the current situation, making a change, adding a 
data gathering program for the elements introduced, consolidating the change and going 
back to assessment of the actual situation. The low level guidelines describe the activities 
needed for the mentioned steps: analysis and understanding the important elements a 
software company is operating with; identification of the concrete needs and problems at a 
concrete company; building the models suggested by the QMIM concepts for the concrete 
case; using the QMIM model to bring the company to a higher maturity level. 
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All QMIM guidelines are based on the idea that all QMIM concepts should be kept in mind 
on any maturity level. Therefore no strict sequence of the activities to perform is given. 
However, based on our experience with a low maturity-level software company and on the 
experience of working with QMIM, we present the low level guidelines giving a possible 
best sequence of the different activities. 
Taking into account the above mentioned ideas, the low level guidelines can be grouped 
according to the high level and middle level guidelines they refer to. We present the low level 
guidelines numbered from L1 to L23. High level and middle level guidelines are also shown, 
to facilitate the understanding of the way they interconnect. 
H1. Create a platform for the quality management activities. 
H2. Assess the current situation.  

L1.  Understand SEI’s CMM model. Place your company on 
the CMM maturity hierarchy. An assessment method can 
be used for this purpose.  

L2.  Separate the project management activities from the 
technical ones. The project management activities are more 
stable than the technical ones, and can provide a common 
framework for all projects run at the company. 

H3.Make a change. 
M1.Depending on the maturity level of the company, choose a direction for the 
change. 

M1.1.  If maturity is < 2, concentrate on project management. 
 

L3. Investigate the existing project management methods, 
procedures, standards, way(s) of working at the company. 
In the following make use of the viable project 
management elements. 

L4. Identify the needs existing at the company in terms of 
project management. For the identification a structured 
methodology can be used (e.g. Pm2 methodology of 
Artemis International). 

L5.  Understand the concept of project management model and 
build the project management model for the company. 

L6.  On the basis of the needs defined in L4, develop and 
document the project management system at the company. 
For the development a structured methodology can be 
used (e.g. Pm2 methodology of Artemis International). 

M1.2. If maturity is = 2, concentrate on technical processes. 

L7. Define quality characteristics of the project management 
processes. 

L8. Define and start using metrics to measure project 
management characteristics. 

L9. Use measurement results as a feedback for improving the 
project management system. 
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project management system. 

L10. Investigate the existing methods, procedures, standards 
referring to the technical activities at the company. In the 
following make use of the viable elements identified. 

L11. Identify the needs existing at the company in terms of 
technical processes. Use interview techniques for the 
identification. 

L12. Understand the concept of project type models and build 
the project type models for the company.  

L13. On the basis of the needs identified in L11., develop and 
document the quality management system referring to all 
processes at the company. When developing the quality 
management system, understand and apply ISO 9001 
requirements for such a system. The quality management 
system will refer both to project management and technical 
processes. 

M1.3. If maturity is = 3, concentrate on products. 

L14. If results of the assessment made are close to CMM level 
3, you can think of an ISO 9001 registration. 

L15. Define quality attributes of the technical processes. 

L16. Define and start using metrics to measure technical process 
characteristics. Continue using project management 
metrics. 

L17. Use measurement results as a feedback for improving the 
quality management system. 

L18. Understand the product types existing at the company. 

L19. Define and describe the existing product types. This 
description will complete the existing quality management 
system. 

L20. Define quality attributes for the products existing. Make 
use of ISO 9126 standard to identify product quality 
attributes. 

L21.  Define and start using metrics to measure product quality 
characteristics. Make use of ISO 9126 standard to identify 
product metrics. Continue using project management and 
technical process metrics. 

H4. Use measurement results as a feedback for improving the quality management system. 
H5. Consolidate the change. 

L22.  Continue using all QMIM concepts to refine your models 
and quality system. 

L23.  Data referring to the objects, concepts and interactions 
can be recorded in a data base. Recorded data can be 
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used in drawing conclusions and making estimations, 
predictions. 

H6. Go back to assessment of the actual situation.  
 
As one can observe, the high level guidelines about adding a measurement program (H4) 
has been rephrased. In order not to brake the logic of the way the low level guidelines are 
phrased, we presented the low level guidelines connected to H5 in the foregoing steps (as 
connected to the nature of change to make). Guidelines L7, L8, L9,  L15, L16, L17, L20 
and L21 refer to defining quality attributes and associated metrics of the chosen object 
(project management: L7, L8, L9; technical processes: L15, L16. L17; products: L20, 
L21). These are connected to middle level guidelines M2 and M3. 
Representing the low level guidelines results in Figure 8-10. 

Create (identify) a platform for the quality
management activities

Add data gathering program 
Guidelines: L7,L8,L9

L15, L16,L17
L20,L21

Consolidate the change
Guidelines L22, L23

Make a change

Maturity level
< 2 = 2

>=3

Guidelines L3-L6 Guidelines L7-L13

Assess the current situation
Guidelines L1, L2

Maturity level
>= 4

Guidelines L14-L21
No

Yes

 

Figure 8-10: QMIM, low level guidelines 

Regarding the quality attributes and associated metrics to choose, one can find a large 
diversity of suggestions in literature. Possible metrics and approaches towards measurement 
have been presented in 7.3.1. Here we review some important features of the literature 
support in choosing the right metric for different objects. 
We can find strong literature support for product metrics. However, doing efficient 
measurement on product characteristics is an extremely complex job. 
In [Fenton92] we can find descriptions of the different product attributes, with suggestions 
on the kind of measurement needed. 
A possible approach for identifying measurable product quality attributes is that suggested 
by the ISO 9126 standard. 
ISO 9126 offers a good quality model, with 6 product quality characteristics: functionality, 
reliability, usability, efficiency, maintainability and portability. The quality 
characteristics are defined in detail, and subcharacteristics are associated to each 
characteristic. These characteristics are exactly the "quality attributes" QMIM operates with.  
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Regarding product metrics, ISO 9126-2 gives an excellent set of external metrics, while 
ISO 9126-3 gives detailed internal product metrics. Part 1 of the same standard, ISO 
9126-1 describes a quality model and aids the process of quality evaluation.  
There is few literature support for technical process quality attributes and metrics. This is 
due partially to the fact that in literature, generally, Fenton’s objects of software production 
are used (process, product, resource). If we wish to choose the quality attributes and 
metrics for QMIM elements, we will have to think of project management, technical process 
and product. We will have to separate the process –related issues into project management 
and technical process issues. 
The typical technical process metrics are connected to incidents, faults and changes.  
According to Fenton, the following types of measures are defined to measure incidents, 
faults and changes [Fenton92]: 
• Location: Where is a given entity, or where did a given event occur? 
• Timing: When did a given event occur? 
• Effect: What was observed? 
• Manifestation: How did a given entity manifest itself? 
• Cause: Why did a given event occur? 
• Cost: How much resource was expended? 
• Count: How many entities or events were observed? 
In [Fenton92], sections 8.1.3-8.1.5. these definitions are applied (and explained) for 
incidents, faults and changes. Further suggestions about technical process measurement can 
be found in [Humphrey95] (personal process). 
There is some literature support regarding project management quality attributes and 
metrics. We can state that project management is concerned with time, money, resources 
(human and other), results, information and environment. (The “results” mean here 
things like meeting schedules and budget, whereas the result of the technical work is in the 
area of technical processes.)  
Quality attributes can be associated and metrics can be collected for the basic subjects 
project management is concerned with, that is project management quality attributes 
association and measurement should be made primarily regarding time, effort, cost and 
resources.  
Effort  is measured by: total staff-hours,-days,-weeks to complete a given task / project. 
Using data sheets to obtain these values for different activities performed during the project 
can offer valuable information e.g. about the differences between the planned and actual 
effort. The same data can be used to understand what kind of activities take the longest time 
during a project, and consequences can be drawn (e.g. too much time is spent on preparing 
a contract, therefore a lawyer should be consulted and a contract model should be 
developed).  
The results of the data-collection can be used in forthcoming projects, causing improvement 
of the quality of the project management. 
Cost  is measured in monetary terms. If we are concerned with the cost of developing and 
maintaining software, this can be calculated as effort x labour rates + indirect cost and 
overheads. Effort alone is inadequate as a measure of cost (e.g. clerical effort to process 
incident reports will generally be charged at a lower rate than the time of highly-skilled staff 
who can diagnose and repair faults.) 
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Fenton suggests (Fenton92) that, beyond measuring effort and cost, we should measure 
execution time and project time. 
Measuring execution time means that system use must be recorded according to at least 
one defined measure, e.g. execution time or an equivalent measure. 
Project time: can be measured in terms of “real time”. This characteristic (also called 
“calendar time” or “wall-clock time”) must be measured for two main purposes: to measure 
the schedule of the development so as to be able to manage it, and to record the time of 
events such as incidents, or the creation of faults. 
 

8.8 Using QMIM at IQSOFT Ltd. 
 
The QMIM reference framework and reference process model was developed during a 
case study at IQSOFT, therefore we can speak about its usage only in the very recent 
period. 
The model is actually known at IQSOFT and is being used. The place and importance of 
the objects have been understood and those who do quality oriented work at IQSOFT are 
aware of the existing and still missing elements. 
We can sta te that the project management processes are in place, understood and 
accepted. All projects are developed within this framework. The technical processes are 
placed into the framework provided by QMIM (its generic project model, project 
management model and project type models). Some technical processes are very clearly 
defined, but in some cases the definitions are still too vague. However, every process has its 
place in the structure. 
Products are not defined yet, although it is important to assure their quality. IQSOFT hopes 
to understand more about its products making its testing procedures more precise. 
Metrics are currently being used only for project management issues (as presented in 7.4.1). 
Quality attributes have not been defined explicitly. 
We can state that using the approach suggested by QMIM helped in changing the way of 
thinking about the processes at the company. Also, it helped in demonstrating that it was 
possible to work according to certain prescriptions, if those prescriptions have been 
developed taking into account the existing needs. 
I see the most important feature of applying QMIM the fact that it helps in integrating any 
new element into the quality framework. A new process type, a new technical project 
model, a new metric, a new quality attribute – they all have their place in the model. 
On the basis of QMIM we can identify precisely the level IQSOFT reached in dealing with 
quality. The elements that need to be in focus are also evident. 
QMIM was the basis for the decision made by the technical director that at IQSOFT 
metrics should be collected. After an analysis of the actual situation (including a study of 
possible metrics) the decision to improve software estimation and productivity at 
IQSOFT was taken. The reason for choosing exactly these elements has to do with the fact 
that the management would like to understand more precisely the accuracy of the 
estimations made and the differences between the planned and actual values of some 
activities. The management would also like to have more precise data about productivity 
issues. 
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8.9 The existing approaches and QMIM 
 
8.9.1 References found in QMIM  
 
Although references to existing approaches were made throughout the entire presentation of 
QMIM, we consider it appropriate to explicitly make a comparison between QMIM and 
the approaches found in literature. 
As ISO 9000 can be considered a most known approach to software quality, let's look first 
to this approach compared to QMIM. 
We can state that when a company starts to deal with software quality, in most cases does it 
for business purposes. Getting registered according to ISO 9000 is a very common reason 
to start doing quality oriented work. Those who tried this,  without previously having a 
"software quality culture" at the company, will approve the findings of the first two phases of 
the case study described in chapters 3 and 4: it is difficult to build an ISO 9000-conform 
quality system if we want it to be operational and useful.  
ISO 9000 does not work in many cases because the gap between the company’s existing 
practice and what ISO 9000 proposes is too large. QMIM offers a reference framework, 
but it does not impose the fulfillment of all criteria (existence of certain elements) at once. It 
offers a more "friendly" way to reach ISO 9000 requirements. Don't forget: QMIM helps in 
reaching the level required by an ISO 9000 audit, as well! 
When speaking about ISO 9000, we mean ISO 9000-3 and TickIT also. 
An other well-known approach to software quality is CMM model of SEI. This model was 
basic when developing QMIM. Strong connections to CMM can be observed in itself the 
description of QMIM. Dynamic aspects reference CMM explicitly and show the 
connections between CMM and QMIM. 
However, CMM trends to connect some activities to certain maturity levels. (It looks to 
every key process area only on one maturity level, on which its existence is required).   But 
many companies are on a very low maturity level, still, having to do, having to start 
something in order to make things better. How to do this, where to start from?  
Our experience has shown that if we start by looking to the actual state (of all what there in 
place at a company) and then gradually improve towards the level where, for instance, ISO 
9000 requirements are fulfilled, the quality system will work better. 
Bootstrap methodology is referenced by QMIM, even suggested as a possibility to 
evaluate the maturity level of a company. 
The approach suggested by ISO 15504 / SPICE is similar to that suggested by QMIM in 
the sense that it states that a company can start to define its processes, to implement and 
assess them in any order. It even gives five possible process categories, leaving the user to 
make the choice where to start from when dealing with software quality. QMIM 
recommends that the start should be made by understanding and defining project 
management processes, followed by the understanding of the technical processes. SPICE 
misses product issues. 
Fenton's theory about objects of software production is an other starting point of QMIM's 
development. The first quality framework developed (Figure 4-4) was based on Fenton's 
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entities. Due to personal experience, we regrouped Fenton's entities into project 
management, technical processes and products (Figure 5-5). 
The quality characteristics and associated metrics in case of products reference standard 
ISO 9126. We consider that this standard can be used as it is for understanding, defining 
and measuring the quality characteristics of the products. 
Measurement is basic in QMIM. Besides referencing Fenton's theory of measurement and 
ISO 9126 measurement-related issues, the guidelines of QMIM suggest that GQM 
paradigm can be applied for doing measurement. 
Project management issues are an other basic element in QMIM. Ideas of known project 
management methodologies can be discovered during the presentation of the reference 
framework and reference process model. 
As one can see from the previous enumeration, QMIM references many widely known and 
used approaches to software quality. This is how it should be: our aim was not to develop 
a completely new approach, which could be the (n+1)-th among the others, but to 
give a framework to deal with the existing approaches in a unified, balanced way. 
QMIM differs from all known approaches by the fact that it offers a framework which can 
be understood and used by any organization, on any maturity level, in any moment of time. It 
does not offer a "ready-made" solution, but is offers help to the organizations to work out 
their own approach, which fits their maturity level, goals, business policy in the best way. 
QMIM does this by making aware from the beginning of all elements needed for a complex 
approach towards software quality. Being conscious of all needed elements, the companies 
can decide upon the elements they want to define first, they can decide upon the direction of 
evolution they want to follow. 
Having explicit or implicit connections to many known software quality approaches, QMIM 
implicitly "informs" its user about them, ensuring a wide knowledge-base in the subject. 
 
8.9.2 Shortcomings of the existing approaches 
 
Each approach presented in this thesis can be useful in certain situations, it can satisfy the 
actual needs of a company. However, our opinion is that using one single approach causes 
problems if the aim of a company is to deal with software quality in its complexity. Here we 
show some possible shortcomings of the approaches found in literature, pointing out the 
solutions offered by QMIM. 
• If applying ISO 9000, one might be able to prove that products are built using a quality 

management system that fits the requirements of the standard, but will not be able to say 
much about the product itself. 

• The application of ISO 9000 suggests the use of manufacturing-based definition of 
quality, the development process being more emphasized, while measurable quality 
attributes suggest the use of the product-based definition.  

• ISO 9000 has the disadvantage that it pays to much attention to the documentation 
- sometimes more attention, than to the operational quality system itself.  

• According to the opinion of some specialists (see [Stephens93] for example), the ISO 
series is too general and contains too many elements. There are examples of well-
functioning quality systems that don‘t use all ISO prescriptions.  

• As one main reason of developing ISO-conform quality systems is to get the company 
certified, ISO series suggests short -term corrective actions (the companies try to 
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correct the nonconformities as soon as possible, without analyzing the long-term 
consequences).  

• A well designed, effectively functioning quality system contains many elements that are 
not present in the ISO prescriptions (see[Stephens93], [Geiger93] [Trienek&94], 
[Trienek92]). 

• ISO 9000 does not say much about cost analysis, continuous improvement, and 
elements regarding the customer and supplier satisfaction. Because its relatively 
high amount of documentation needed, an ISO-conform work will lengthen the life 
cycle of the first projects (according to the literature by 20-30%), thus it will be 
difficult to apply in case of small companies and small / short projects.  

• If trying to follow ISO 15504 / SPICE approach, a company might have problems in 
identifying its processes, in choosing a process to be assessed. 

• If concentrating on ISO 9126, it might be possible to measure exact  quality 
characteristics of the products, but the company will certainly be confused when asked 
about processes. (See 4.3.2.2.)  

• Both in case of ISO 9000 and ISO 9126 one will not be able to demonstrate to the 
customers that the projects will fit time and cost limits.  

• Applying GQM (described in 7.3.1.2 ) might be useful to do measurement on different 
objects, but, as setting the goals is the company’s task, there is practically no guarantee 
that the goals are realistic and fit in the general wish “to improve things”; the company 
might do totally inefficient or misleading measurements, the results of which will remain 
isolated. Moreover, the top-down approach GQM suggests might not work properly in 
a low-level organization.  

• Applying any approach suggested by literature may result in a ”good-
(some) methodology- or standard-conform quality system, which will not fit the 
company’s own needs at all. Every model, standard, approach, methodology should be 
used ”wise”, customized according to the concrete case. But how to do this 
customization? 

The list of problems with applying a certain approach found in literature could be continued. 
We stop here, with the remark that in literature there are many approaches dealing with 
certain aspects of software quality. There is no unified, balanced model to tell a 
company - specially to one situated on a low maturity level - how to start dealing with 
software quality, in a way that seems realistic for the company in case and will take it to the 
desired results (improvement) - while taking into account all the important elements of 
software quality.  
Understanding the different approaches by themselves and in connection with other 
approaches is far from being a simple job to do. 
It would be of real help to have an aid to look to approaches offered by literature in a 
structured way, understanding the objects they are operating with, understanding the 
connections with other approaches in the same time. This way one would be able to choose 
those elements connected to software quality that are best for the concrete situation. The 
choice made would not be limited to a certain approach found in literature. Besides, the 
elements not chosen yet because of a particular situation - e.g. low maturity level of the 
company - could be permanent in attention and could be selected in a conscious way as the 
situation makes it possible. 
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The QMIM reference framework can be considered such an aid. It is like a pair of glasses 
that helps looking to approaches found in literature in a structured way. It does not take into 
account all existing approaches, but those considered by the author to be important. 
However, the framework is open to other approaches, as well. In fact any software quality 
related approach can be placed into the framework, accepting that all such approaches deal 
with the objects and characteristics presented in the framework. 
 
8.9.3 How literature approaches relate to QMIM 
 
Doing a review of those presented in 7.6.2, the first conclusion to draw is that literature 
offers a large diversity of approaches to deal with software quality. Some of them (like ISO 
9000, CMM / Bootstrap or SPICE ) are widely known and used, while others (like ISO 
9126, GQM paradigm…) are being used by some organizations, in certain situations. All 
presented approaches deal with a group of entities of software production (project 
management, technical process, product), and might take into account some of their quality-
oriented characteristics (definition, quality attribute, metric). We looked to all approaches 
through the quality framework built in Figure 7-3. This means that the way of looking to the 
approaches was guided and structured by the framework, and it is possible that some 
elements of some approaches have been missed.  
If we summarize the approaches and their characteristics and place them all in the chosen 
quality framework, we obtain a picture like the one presented in Figure 8-11. 
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Figure 8-11: The approaches offered by literature connected to QMIM 

Looking to this picture we can notice that our quality framework is completed, if we take 
into account all approaches, together.  
This way, process definitions are present mainly in process-oriented approaches, such as 
CMM, Bootstrap, ISO 9000, ISO 15504 / SPICE and can be present in project 
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management methodologies also. One can see that the described approaches do not give 
precise definitions. At the same time , in each approach there are suggestions that such 
definitions should be made. 
Process quality attributes and metrics – this refers to both project management and 
technical processes - are referred basically in ISO 9000, while CMM and Bootstrap require 
their presence on certain maturity levels. ISO 15504 / SPICE suggests that any process can 
be defined in any moment of time, and gives definitions for possible process categories. As 
in this approach the processes have precise components, their quality comes into 
prominence. GQM can address process quality attributes and metrics, if this goal has been 
identified. Project management methodologies also can have the scope to identify the 
mentioned process elements.  
Product issues are addressed mainly by the product-oriented approaches presented. The 
definition of products is rather weak, only general definitions of the software product can be 
found (ISO 9126, ISO 9000/8402). Process oriented approaches - such as CMM, 
Bootstrap - suggest that we should define the products resulting from the different 
processes. (Definition of the different software products, taking into account their 
characteristics is a difficult job. See [Qiu95] for possible product definitions and product 
characteristics.) 
ISO 9126  gives precise definitions of some product quality characteristics, metrics to 
measure them, and contains guidelines to use the metrics proposed. Boehm and McCall 
model also address quality attributes of the software product. GQM and project 
management methodologies can have the goal to deal with product characteristics and 
measurement programs to control their quality. 
Taking into account the approaches presented in this chapter we can state that there are two 
types of problems arising in case of each approach: on one hand, all approaches have a 
certain - limited - scope, on the other hand the approaches have internal weaknesses.  
The scope of the presented approaches is limited to a number of elements of the quality 
framework (e.g. to project management or technical processes, to products). None of the 
described approaches - except maybe GQM - deal with all three objects giving them the 
same importance.  
The definitions, quality attributes and metrics are present in different approaches on different 
degrees of detail. Some approaches declare, for instance, that definitions have to be 
developed, others help developing the definitions, and some approaches give the 
definitions. There are approaches that emphasize the importance of quality attributes 
or metrics, while others help the user developing them, and some approaches give 
quality attributes and metrics that can be used as they are. 
For instance, project management methodologies state that defining the processes has to be 
done, products resulting from the processes have to be understood, and resources involved 
in the production have to be well managed and organized. ISO 9000, CMM, Bootstrap 
state that the definition, quality attribute and metric of the processes is extremely important, 
but leaves the user develop the definitions, understand the quality attributes and select the 
appropriate metrics. They do not make a difference between project management and 
technical processes. 
GQM and project management methodologies can have parts that help the user make 
definitions, identify quality attributes, select metrics (e.g. the help provided by the templates 
worked out to be used with GQM). 
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ISO 9126 gives definitions, quality attributes and metrics that can be used as they are when 
the software product is in focus. 
If we could have all details of all approaches in mind, it would be of real help to choose the 
elements we need from all existing approaches. (We could decide what we need after a 
careful analysis of the own situation).  
Unfortunately, it is not possible to do quality management taking into account all 
approaches at the same time (not even those mentioned in this thesis!): the described 
approaches are complex enough by themselves, each having an own vocabulary and a set of 
addressed items. Parts of some approaches might overlap parts of other approaches, fact 
that makes things more complicated. The language used by the different approaches is far 
from being compatible. 
Theoretically speaking, the solution could be to make a reunion of the presented approaches 
towards obtaining an embracing approach which will contain all important elements of all 
approaches, containing each element just once. Such an approach has never been created in 
practice, and it is unlike that ever will. We can agree to this statement if we take into account 
on one hand the complexity and parallelism of the different approaches, and the great 
number of differences between them on the other hand. 
 

8.10 Conclusion  
 
This chapter described a model of dealing with the multitude of models, standards, 
approaches connected to software production, software quality characteristics and 
measurement. This model is a solution towards an important problem faced nowadays by 
many software specialists: to do quality improvement and measurement in an efficient and 
well-managed way, taking into account the most popular approaches to software quality.  
The QMIM model can be further refined and completed. Some ideas regarding the 
possibilities to continue the work done are described in chapter 9.  
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9 Conclusion 
 

9.1 Introduction 
 
This chapter allows us to summarize the thesis, to draw some major conclusions and to 
recommend some subjects for further research. 
 

9.2 Summary of the work done 
 
Producing software of a provable high quality became for the software companies a 
condition of staying in the market, enforcing the companies to think about quality 
improvement activities. This is probably the cause why so many process improvement 
experiments and measurement programs are initiated, but few of them are really successful. 
The basic difficulties software-producing organizations are facing when starting quality 
improvement programs consist in understanding the relationships among basic elements 
of software production: software products, the processes which produce the product, the  
resources involved in software production, the selection of relevant quality attri butes in 
each case, the metrics to be applied for measuring the selected quality attributes, usage of 
the measurements’ results in order to improve software quality, as well as project-
management-related issues. In the literature, we find a huge variety of descriptions about 
standards, models, best practices, all of them connected to software quality, but there is no 
unified view (model) to tell a software company situated on a low CMM maturity level, how 
to start an efficient quality improvement program, which elements of the software production 
should be taken into account.  
The scope of my work was to understand the existing approaches to software quality 
and the relationships among the different approaches, and, based on literature 
research and personal experience, to give a solution which would help a software 
company to deal with quality in a unified , balanced way.  
According to the scope mentioned before, this thesis can be divided into three parts. 
Chapters 1 described the problems in a detailed way. Chapter 2 - 7 describe a case study 
at IQSOFT Ltd. Chapter 8 described a solution to the problem defined in the beginning. 
Chapter 2 presents the environment of the case study. Afterwards, in chapters 3, 4, 5, 6, 
and 7 the five phases of the case study are described. Starting from an analysis of the 
existing situation, each chapter shows our level of understanding in the given moment of time 
by presenting the literature approaches considered basic by that time.  
Afterwards, the “happenings” are shown, followed by their concrete results and long-term 
lessons learned. 
While our understanding of software quality and the oriented approaches found in literature 
progressed, we were able to choose some important elements of software quality and place 
them in a framework. First, the framework contained Fenton’s entities (process, product, 
resource), afterwards these were regrouped into project management, technical process and 
product. The elements of the framework “telling something” about the objects were: 
definitions, quality attribute, metric. This way, a reference framework was constructed step 
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by step, allowing us to place all the literature approaches presented in the previous chapters 
together, this way understanding their characteristics and interconnections. 
Based on the construction of the previous chapters, chapter 8 describes the solution to the 
problem mentioned in the beginning. This chapter presents QMIM - a reference 
framework and reference process model for dealing with the variety of objects, 
approaches, standards, prescriptions regarding elements of software quality 
improvement and measurement. 
The findings, experiences of the case study are reflected both in the structure of this thesis 
and the solution offered in chapter 8. At the beginning of the case study, only some basic 
approaches towards quality management have been known (the product-oriented approach, 
the process-oriented approach suggested by ISO 9000). As the case study progressed, it 
became obvious that applying the known approaches are not taking the company in case to 
any quality improvement. In conclusion, other approaches and basic concepts of 
measurement have been studied. The success of the case study was generated by the 
understanding that any standard, model, prescription may work efficiently only if customized, 
according to the specific needs of the company. As a result of these findings, the QMIM 
model was worked out. 
 

9.3 Major lessons learned 
 
In this section we review the basic conclusions drawn while writing this thesis. We 
concentrate on the lessons learned during the case study described in chapters 3-7, regroup 
and reformulate them to reflect the most important findings that relate to the change in the life 
of an organization while starting to do, and effectively doing software quality management. 
We can state that introducing efficient quality management in a company cannot be done at 
once: it takes time, it has to be done step by step. The whole organization has to be 
aware of the time and effort needed for quality oriented activities. As introducing quality 
management affects the entire organization (important procedures have to be understood 
and documented, if they exist, have to be developed, if they don’t yet exist, roles, 
responsibilities, everyday practices have to be clarified etc.), an extremely strong 
management support is needed for its success. 
If a company aims to really understand software quality management and implement it in an 
efficient way, the work done for this purpose is, at the same time, an organizational 
learning process. The management has to accept this learning process (has to be willing to 
spend time and money on it), moreover: has to support  it. 
When such a learning process is started, the organization should be aware of its existence. 
This organization-wide awareness can be insured by different means: meetings, top 
management declarations, emphasizing the importance of such a learning process. 
May a learning process be as interesting and sublime as it is, probably, no manager will 
accept and support any of it without being convinced of its benefits for the company. 
Therefore, clear business goals have to be set when starting such a program. Moreover, 
the management needs to be convinced that the business goals are achieved. A way of 
convincing the management about this issue is to produce clearly understandable, relevant 
performance indicators connected to the elements addressed by such a goal.  
Formulating goals, following their achievement by using performance indicators, translating 
quality issues into statements or figures provably benefic for the company may not be easy. 
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However, once they are stated, the management needs to be sure they are implemented. 
The business goals are implemented by the employees. And they will not do anything in the 
field these goals are set, unless they see their benefit. Therefore, the company-wide 
business goals have to be “translated” to be understood by the employees, to bear 
important meanings for them. 
Working to achieve the business goals means starting and maintaining the organizational 
learning process. This will invoke understanding of processes and concepts already existing 
at the company, and, at the same time, introducing new concepts and processes (practices). 
If such concepts, processes are introduced, employees can’t be asked to facilitate the 
implementation of those concepts, of those processes: a facilitator is needed. 
Organizations normally call the person facilitating the achievement of the quality connected 
business goals the quality manager. There are two ways for an organization to have a 
quality manager: either hire a person outside the organization or “produce” the quality 
manager from the existing staff. A quality manager not belonging to the company may have 
the advantage that he or she is a specialist of the field and has related experience, as he or 
she did similar work before, in other companies. However,  such a person will not know the 
particular situation of the company and may be rejected by the employees. A quality 
manager from inside the company, in turn, may lack the necessary knowledge in the 
beginning, but has the advantage of knowing the company very well. 
The management has to decide which solution to adopt. (Financially, probably both 
situations need about the same investment: an external quality manager has to be paid extra, 
an insider quality manager has to be trained properly.) Our opinion is that quality 
management cannot be done by outsourcing: the quality manager has to be an employee 
of the company. The disadvantage of not being an experienced specialist will be fully 
compensated by the knowledge of the company, its processes and its employees. 
Summarizing those described before, we can represent the elements needed for a successful 
quality management as in Figure 9-1. 

Goals

Employee
involvement

FacilitatorManagement 
involvement

Performance 
indicator

 

Figure 9-1: Elements needed for a successful quality management 

 
The case at IQSOFT  (described in chapters 3- 7 ) confirms the above findings. 
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In the first phase of the case study (see chapter 3) there was a precise goal for starting 
quality management: the request formulated by a potential foreign customer to get the 
company ISO certified. The goal formulated was rather vague, the management did not 
understand it properly, and did not make the effort to translate it in terms that would be 
understood and accepted by the employees. We can state that there wasn’t sufficient 
management support, therefore the employees were rejecting the trial to work in an 
organized, standardized way. The management tried to do quality management by 
outsourcing: the quality manager was not a member of the company, and, as an added 
disadvantage, had no similar (software quality-oriented) experiences before. As the goals 
were not very clear, there were no performance indicators to measure the usefulness of the 
prescriptions worked out. 
The second phase of the case study (described in chapter 4) was, in fact, a learning process, 
but only for the quality manager. Still, no company-wide goal has been set for quality issues, 
and the support from the management and the employees was even lower than in phase 1.  
A turn for the better could have been observed in phase 3 (presented in chapter 5), when 
the Phare project was started. A clear goal was formulated (“to bring order into the 
company’s project management processes by building a company-wide project 
management system”). The top management was strongly supporting the goal and all the 
related activities, transmitting to the employees the idea that the work started was extremely 
important for the company and the employees. As the project was started as an experiment, 
and IQSOFT had the task to report about the findings to the Phare committee, the 
management accepted that it was a learning process, as well. In the beginning of this phase 
the facilitator needed was still an outsider, but already having some experience with 
IQSOFT, with the employees. In short time, the company hired her as a quality manager. 
Due to the scope and the particularity of the work done in the project (e.g. concrete, 
measurable results and feedback was needed by the Phare committee), the achievement of 
the goals set in the beginning had to be followed-up. The performance of the work done had 
to be measured. To be noted that the involvement of the employees in the description of the 
project management standards and procedures contributed to changing the hostile attitude 
towards “standards”, which could have been observed in the first phases.  
Phase 3 of the case study was successful: it reached its scope by producing an efficiently 
working project management system. However, the determinative result of this phase was 
the finding that project management activities and technical activities should be separated, 
and that it was more likely to succeed by standardizing first the project management 
activities.  
The success of phase 3 gave the company self-confidence, the feeling that things were 
moving into the right direction. It was clear what to do next: describe the technical activities 
and non project-related activities. The management formulated the goals, and started a 
project to achieve them (see the description of phase 4 in chapter 6). The employees were 
involved at the maximum, the quality manager and the people working part time on the 
project were real facilitators of the processes to be implemented. The performance of the 
activities was measured by the audit in 1998, when IQSOFT got ISO 9001 certified. 
If looking to the organization’s evolution in the first 4 phases of the case study, and having 
Weinberg’s thinking patterns in mind (see 4.3.3.2) we can state that IQSOFT’s employees 
were at least on the level of thinking pattern 1 (“variable”)  right from the beginning. 
(Probably all employees were knowing that they were performing processes, so, everyone 
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was above the “oblivious” (0) level). I consider pattern 2, “routine”, more characterizing for 
phases 1 and 2 of the case study: the employees followed some – own developed and not 
documented – routines, except when they panicked. After phase 3 most IQSOFT’s 
employees are characterized by pattern 3: “steering”. They are having routines in place and 
they choose among them by the result they produce. We can state that pattern 4, 
“anticipating” is starting to appear at IQSOFT: routines are established based on the past 
experience with them. 
Next, phase 5 of the case study (presented in chapter 7) was about “life after getting ISO 
certified”. The management keeps the quality-oriented issues on the agenda, mainly as 
needed, stable, well-implemented activities. The need for a continuous learning process is 
accepted. We can state that the situation is somewhat similar to phase 1, of course, on a 
much higher level of organizing.  The goal (“to do something for the improvement of the 
quality issues”) is not very clear, therefore the management involvement is not very active. 
The employees are doing what they are required to do. Both the management and the 
employees seem to be thinking that further effort in the improvement of quality management 
should be made by the quality manager only, while the employees have to be following the 
procedures already implemented. It would be interesting to observe the changes of the next 
years, which will, probably, contribute to formulating of a clear goal in quality management, 
to a stronger management support and employee involvement, to having clear performance 
indicators in place. In other words, all the elements shown in Figure 9-1 will have to be in 
place before a real evolution of quality issues will be observed. As we mentioned, doing 
quality improvement is a step-by-step process, which needs time, and I am confident that 
IQSOFT will use the time efficiently. 
However, this period of time concerns the future and it is not subject of this thesis. 
 

9.4 Recommendation for further research 
 
The QMIM model described in chapter 8 is elaborated to a certain level of detail. The 
logical structure of the model is coherent, its basic elements are well defined, and the 
dynamic view of the model can be considered complete. 
The definition of the data model can be continued on a more detailed level. The 
definitions used can be further detailed in case of all data items. Further research would be 
needed to identify the basic (generic) software product types connected to the different 
technical processes. Similarly, a more precise identification, definition and description of the 
quality attributes in the case of software products, project management and technical 
processes would be possible. In this context, connection to other research results could be 
considered (for instance, completing the model with the results described in [Qiu95], 
regarding the identification of quality attributes of certain software product types). 
Although - as mentioned in chapter 8. - the QMIM database is not compulsory to be built 
entirely, a computer program creating a database with the recommended structure 
and helping the user to populate it with the specific data of his / her company could be 
useful. 
An other direction to continue the research done this far, could be the more detailed 
description of the dynamic approach of QMIM. This activity could result in describing a 
structured methodology which tells to software companies situated on low CMM 
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levels how to reach higher maturity levels, how to start and continuously do managed 
quality improvement and measurement.  
This methodology (let’s call it QMIM methodology) could be enriched by pointing further 
(existing) methods, methodologies able to deal with the different activities. For 
instance, identifying the company-specific elements of project management could be done 
using the pm²  methodology of Artemis International (distributed in the Netherland by Metier 
Plancon, Purmerend). Basili’s GQM paradigm could be connected to the QMIM 
methodology as an aid for identifying relevant metrics. 
A further direction of enriching QMIM would be the integration of existing software 
tools to help doing the different activities. The expert system for modeling and planning 
software product assessment and certification, described in [Qiu95] could be connected to 
QMIM methodology, as well as the MYSIS system to collect, integrate and represent 
measurement data (described in [Kusters&96]). 
The QMIM model could be tested by further software companies. It could be completed 
with more details after having the experience of applying it in more software companies.  
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10 Appendixes  

10.1  The Hungarian situation 
 
In this annex we describe the software quality oriented work done before 198927 in 
Hungary. Our aim is to present the state of the art in software quality as it was “behind the 
iron-curtains”, as well as to draw a short comparison between the Eastern and Western 
European situation. Usually, there was a few years' delay in the different research areas, but 
the main approaches to software quality, namely: the product-oriented approach and the 
process-oriented approach could be identified. The two approaches - as present in Hungary 
- are described in the next  paragraphs. 
 
10.1.1 Product-oriented approach in Hungary 
 
In this section we present the software-quality oriented research and work done  in 
Hungary before ISO 9000 appeared. 
We can state that despite the former isolation of Eastern-European countries, the quality-
research in these countries followed the steps of Western development.   
Table 3-1  shows some examples of software quality measurements and other software 
quality trends in Hungary. It's worth to note that the first attempts for identifying software 
quality attributes and their relationships were made in 1977 in Hungary - that means 7-9 
years of delay in comparison with the USA. Western-European situation has also to be 
taken into account: SIEMENS, for instance, proceeded only in 1975-76 in identifying these 
elements, that places Hungary at two years of delay. In 1977 in Hungary Basic Quality 
Requirements for software have been stated, and by 1985 some quality-measuring 
programs have been developed. These attempts fit in the world-trend of measuring software 
quality through some well-identified attributes and in application of the product-based 
definition of software quality.  
In the next sections we describe three of the most important results in software quality 
oriented research in Hungary, before 1989: the "Basic quality requirements for software", 
"Qualifying user programs on the basis of their source-code listing" and "SOMIKA - an 
automated system for assessing software quality". 
 

10.1.1.1 Basic Quality Requirements for Software 
 
In 1977 the "Basic Quality Requirements for Software" has been worked out by a team 
working at the Theoretical Laboratory in the Computer Technology Co-ordination Institute 
(SZKI) [***SzKI77].   
According to the literature ([***SzKI77]), in autumn 1977 SzKI teams were doing 
systematic and regular quality assessment for software produced within the Institute. In 
September 1978, applying the "Basic Requirements" was controlled /assessed regularly 

                                                 
27 The period after 1989 is characterized by the opening of the borders, therefore the scientific results of the Western 
and Eastern countries become much more harmonized. In consequence, there in no point in comparing Eastern and 
Western situation after 1989. 
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(monthly). Aids for doing the assessment (like questionnaires, assessment principles) existed 
in a testing phase. 
The Basic Quality Requirements for Software consisted of two parts: the "PDR" and the 
"HIPO" standards.  
PDR (ProgramDokumentációs Rendszer = Program Documentation System) standard 
contained prescriptions regarding the following: 
1. Definition and contents of a program documentation  
2. Description of the technical problem to be solved by the program 
3. Outline and contents of the system plan 
4. Working plan  
5. Testing specification  
6. Assessment methods  
7. List of all further documents  
8. Outline and contents of source codes  
9. Developer handbook  
10. User handbook  
11. Installation handbook  
12. Programmer handbook  
13. Operator handbook  
14. Description of the programming language used  
15. Requirements about document texts 
16. Recommendation for development (i.e. development plan) 
17. Recommendation for the structure of the system (i.e. system plan) 
18. Developer declaration 
HIPO standard ("Programok tervezésének és dokumentálásának hierarchikus 
feladatleíráson alapuló módszere" = Method for describing program development and 
documenting, based on hierarchical task description) contained prescriptions for all types of 
work done within SzKI which is in connection with program development, program 
application and program purchasing. With all promising definition of the standard, it only 
contained some prescriptions about existing and applicable technical aids, in order to 
develop (i.e. plan the outline) and document software programs. Some standard printed 
forms were shown and usage of “form-rulers” was recommended. 
As certified by other books and articles appeared in the eighties, the usage of PDR and 
HIPO standards was mandatory for all teams working at the Computer Technology Co-
ordination Institute (SZKI). Applying the standards was also assessed regularly. The Basic 
Quality Requirements for Software was applied until the end of 1989. 

10.1.1.2 Qualifying user programs on the basis of their source-code listing 
 
"Qualifying user programs according to their source-code listing" appeared in [Beiczer78]. 
Starting from a questionnaire developed by SIEMENS to assess COBOL programs, it 
describes the customization of the questionnaire for the Hungarian situation. The authors 
determined the software characteristics considered to be the most important ones, and 
described some experiments for measuring those attributes. 
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Beiczer's book puts the emphasis on assessing the quality of a software on the basis of some 
features of its source - code. It's worth to quote the reasons of the author for the important 
part the listing plays: 
"1. Presently and for still a long time in Hungary the only document that is developed with 
every software product is its source-code listing. 
2. As high-level programming languages appear, the source-code listing is proper to 
substitute more and more types of program documents. 
3. As the source-code listing is one of the program's outward forms, it bears all important 
characteristics of the program (although we might not be able to read them for the moment). 
4. The source-code listing can be stored on the computer together with the program it 
represents, therefore it makes it possible to use computer-aided methods to analyze it." 
The authors state: "We have no further knowledge about trials similar to ours, done in order 
to measure software quality; the reason is probably the fact that the Hungarian software-
market is  presently unsaturated, therefore the requirement for good quality is presently not a 
real forcing element. As a consequence to the previous statements, efficiency of software 
quality assessment cannot be demonstrated yet." 
The authors state that the results of SIEMENS should be customized, because there are 
important differences in the working conditions, the equipment used, the methods used and 
also in the mentality of the software developers. 
In the following part of the book, the authors present a customized questionnaire, developed 
to assess the quality of programs written in COBOL28. This questionnaire contains questions 
about the following elements of a program: 

 
1. General features  
2. Shape 
3. Structure 
4. Special language elements 
5. Naming  
6. Master code 
7. Other 

 
Writing about the software quality oriented research done in Hungary before 1978, the 
authors consider that the change from microefficiency towards macroefficiency (see chapter 
1.4 for the definitions) took place in Hungary in 1976.  
The authors conclude by saying that the software quality oriented research was done in 
Hungary mainly on basic software. The basic difficulties in any improvement in the area of 
software quality was considered to be the lack of adequate computing equipment. 

10.1.1.3 SOMIKA - An Automated System for Assessing Software Quality  

 
SOMIKA (Szoftver Minõségellenõrzõ és Kapacitásfigyelõ = An Automated System for 
Assessing Software Quality) was developed between 1979-1982 by a team working at the 
Theoretical Laboratory in the Computer Technology Co-ordination Institute (SZKI) 
[Szentes82]. 

                                                 
28 An other questionnaire was developed to assess the quality of programs written in assembly languages. 
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SOMIKA  consisted of two subsystems: one for quality assessment, one for assessing  
program capacity.  
The susbsystem for quality assessment was developed to assess programs written in 
COBOL, FORTRAN or PASCAL programming languages. It was able to automatically 
produce the diagrams necessary for the maintenance of the program. It gave some metrics 
which characterized the program assessed (mainly in terms of portability, modification 
possibilities, correction possibilities). SOMIKA could be used to document programs which 
have not been documented properly when they were written. Starting from the source-code 
of the program to be assessed, SOMIKA made use of lexical analyzers, then used some 
drawing programs to produce the necessary diagrams, tables. The next step was to give 
metrics regarding the assessed programs, and doing the effective measurement (assessment). 
In order to do the measurement, SOMIKA used the theory of graphs, hierarchical 
complexity, Halstead's software measures, cyclomatic complexity measure, and gave the 
referring metrics, as well as the missing keywords, frequency of comments and distance of 
comments in the source code. 
Although SOMIKA was one of the most important results of the software quality oriented 
research done in Hungary before 1990, it remained mainly a tool to be used by the 
researchers and only within the Computer Technology Co-ordination Institute.  
 
10.1.2 Process oriented approach in Hungary 
 
Hungarian quality organizations (Hungarian Standard Organization, EOQ Hungarian 
Committee, Hungarian Quality Organization,) have insured the translation of ISO 9000 
standards, are organizing conferences, meetings on quality-related themes. Annually there 
are about 8 quality conferences - the largest being the annual Hungarian Quality Week - 
each of them involving the participation of about 80-100 companies. 
In 1993, speaking about the nature and shortcomings of the Hungarian Quality Week 
conferences organized in 1992 and 1993, Brian Plowman, Director of Develin&Partners 
Management Consultants in London (who was a guest of both Hungarian Quality Week 
Conferences) said: "The two Hungarian conferences in 1992 and 1993 have 
concentrated on ISO 9000. In our view, this is only one step on the journey to 
becoming a world class organization. We would also argue that you should only seek 
registration if it is absolutely necessary to stay in business because your customers 
insist that you are registered. As you know yourself, the real requirement has always 
been the need to understand your market place, customers and competitors, and then 
exceed customer expectations so they keep coming back for life. It is also necessary to 
do this at lowest unit cost to always remain competitive on price. To do this means 
having everyone in the organization work in efficient and effective processes in a 
management culture that encourages help  and teamwork and the removal of barriers 
across the functions and up and down the structure." 
Things have changed since 1993. While in 1993 the majority of the people involved in 
quality oriented work were either software specialists or quality specialists, presently there 
exists quite a number of software quality specialists. These specialist are not satisfied with 
the “easy”, ISO-suggested way of approaching software quality, but are interested in 
world -wide trends of the subject. Different scientific organizations and bodies dedicate part 
of their activity to software quality. For instance, “John von Neuman Computer Society” 
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and the “Information Technology Foundation of the Hungarian Academy of Science” 
regularly organize  meetings, discussions with software quality subjects. The Federation of 
Technical and Scientific Societies (MTESZ) has a separate software quality department.   
There are many foreign registering organizations in Hungary (Bureau Veritas, TÜV Rheiland, 
TÜV Bayern, TÜV Hannover , SGS, Llo yd etc.), but only few of them provide the service 
of assessing software quality management systems in Hungarian (TÜV, SGS). The  
Hungarian registering organizations - of course - provide this service, but they are not very 
searched by the software organizations which try to get a “valuable“ certificate, accepted in 
the western countries as well. 
In Table 10-1 we present the first 6 registered software companies in Hungary. 
 
 

 Certified company Assessed in… According to… Certified by… 
1. ASK Kft. 1996. Jan.  ISO 9001 TÜV CERT 
2. Geometria Térinformatikai 

Rendszerház 
1996. Jan.  ISO 9001 TÜV CERT 

3. ICL Hungary Kft. 1996. Dec. ISO 9001 BSI QA 
4. Mûszertechnika-Computer Rt. 1996. Nov. ISO 9002 TÜV CERT 
5. ORACLE Hungary Kft. 1996. Dec. ISO 9002 SGS Yarsley 
6. Recognita Rt. 1997. Jan.  ISO 9001, 9000-

3, TickIT,   
SGS Yarsley 

Table 10-1 : Software companies certified according to ISO 9000, as in November 
1997 

As a step preceding the ISO 9000- registration, software companies can make use of a 
Bootstrap assessment. In Hungary the Bootstrap service is available since 1993, and some 
software companies have been assessed by Bootstrap. Evaluation data aren't available for 
the moment. (Evaluation data can be made public - without mentioning assessed companies' 
names - after assessing more than 10 companies in a country.) 
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10.2 Project management models and type models, definitions used at 
IQSOFT Ltd. 

 
10.2.1 Project management model 

10.2.1.1 Preparation 

  
This phase consists of the totality of the activities needed in order to start the project. A so 
called ”generic project team” is assigned to the project. This team is ”generic” in the sense 
that it is the same for all projects. It consists of persons in charge with managing the project 
(e.g.: project owner, project manager, assistant project manager). We can think about 
people who will do the technical activities, but at this moment we only assign a potential 
”team” to the project. The final composition of the team is decided when the project starts. 
Carrying out the activities of this phase can contribute to a successful execution of the 
project, but they are not an insurance that the project will start. If at the end of the 
phase no contract is signed, the next - and last - phase of the project will be the Conclusion 
phase29. 
Activities of this phase: 
• Preparing a Preliminary specification 
• Preparing a Proposal 
• Preparing the Contract and signing it. 
IQSOFT Standards and Procedures Handbook contains definitions and descriptions for 
each activity, regarding the following: 

• Organization 
• Activities 
• Methods and tools to be used 
• Input 
• Output 
• Documents 
• Reporting 
• Validation. 
 

10.2.1.2 Start  

 
In this phase the project is started. Resources (human and other) are allocated for the 
technical work  in the project, project technical team is formed. Formal project kick-off 
takes place. The project manager develops the project-type model and integrates it in the 
generic project model. The project manager develops the Quality plan. 
Activities: 
• Preparing Detailed project plan 
• Preparing Quality plan 

                                                 
29 Analyzing the causes of not starting the project can help in further projects. 
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• Kick-off 
IQSOFT Standards and Procedures Handbook contains prescriptions for each activity, 
regarding the following: 

• Organization 
• Activities 
• Methods and tools to be used 
• Input 
• Output 
• Documents 
• Reporting 
• Validation. 

10.2.1.3  Execution 
 
In this phase the technical work in the project is executed, in order to complete the 
project goals, in the framework of the planned time, costs, quality and using the allocated 
human resources. From the project management point of view, project management and 
follow up activities are carried out. Problems, changes have to be managed according to the 
prescriptions. 
Technical activities are carried out in conformity with the project-type model. Therefore 
these activities don’t need to be described at this point. 
From the management point of view there is "only" one activity type to be performed during 
execution: 
• Management and follow-up 
IQSOFT Standards and Procedures Handbook contains prescriptions for each activity, 
regarding the following: 

• Organization 
• Activities 
• Methods and tools to be used 
• Input 
• Output 
• Documents 
• Reporting 
• Validation. 

10.2.1.4  Conclusion 
 
In this phase project results are handed over, the whole project is analyzed, relevant data is 
recorded. Project team is dissolved, all resources allocated to the project are freed. Formal 
project close-down takes place. 
Activities: 
• Hand over of the results 
• Evaluation 
• Close-down. 
IQSOFT Standards and Procedures Handbook contains prescriptions for each activity, 
regarding the following: 
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• Organization 
• Activities 
• Methods and tools to be used 
• Input 
• Output 
• Documents 
• Reporting 
• Validation. 

 
10.2.2 Project type models at IQSOFT:  examples 
 
In the following we present  examples of project type models identified at IQSOFT. 
This model shows the technical life - cycle, the activities and their sequence to be 
performed in each life- cycle phase, the input, output and deliverables of each phase / 
activity, the organization and the roles needed for them, the way of reporting and recording 
progress, the quality objectives to be reached and the way of checking them. 
Some differences between the development type model and other type models at IQSOFT 
are as follows: 
• Introduction and system integration projects may not have a programming phase ( they 

can just use previously coded, documented and tested software). 
• Some implementation or system-integration projects will use a certain methodology (e.g. 

SSADM, Oracle * Case Method, OMT, Avalon), which can have own definitions for 
project phases. This own phasing will be reflected in the type model. 

• Research projects may be started e.g. for studying the possibility of applying a new 
methodology at the company. It needs no preliminary or detailed system design, no 
programming, no switch, but it needs testing (different from testing of self-made-
programs), measuring performance etc. 

 

10.2.2.1 The project-type model for development projects  at IQSOFT Ltd. 

 
According to the definitions, a development project is a project developing a new software 
system while using existing tools.  
At IQSOFT the type life-cycle for the development projects is: 
• Preliminary system design 
• Detailed system design 
• Programming 
• Integration test 
• Preparing User documentation 
• Installation 
• Switch 
• Support and follow-up. 
General prescriptions for the development projects are related to: 
• Documents 
• Organization 
• Plan 
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Figure 10-1 presents the project-management model and the type-model for the 
development projects. 
At IQSOFT development projects can occur in different departments: OBT, AVA, OLIB, 
IMA and the research department can also have development projects.   

Project -management model

Start
Execution

Conc-
lusion

Preparation

Configuration
management

Change
management

Project-type model  for Development projects

• Organization
• Activity descr.
• Methods
 and tools
• Input
• Output
• Documents

• Reporting,

• validation
Detailed
system
design

Program-
ming

User
docu -

menta-
tion

Instal-
lation

Switch

Support
and

follow-
up

 Integ-
ration

test

Minor changes only

Drastic changesPreliminary
system design

 

Figure 10-1: Type-model for development projects at IQSOFT 

10.2.2.2 The project-type model for system integration  projects  at IQSOFT Ltd. 

 
According to the definitions, a system-integration project is a project which integrates 
existing software (including operating systems, other basic software etc.) - developed by 
IQSOFT or by any other company - and hardware in conformity with the user's 
requirements. 
At IQSOFT the type life-cycle for the system integration projects is: 
• Creating the necessary hardware / software conditions 
• Installing standard software components 
• Training I. 
• Survey about the implementation needs 
• Execution of the integration 

• Specifying the adaptation needs 
• Adapting the software 
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• Translating the documentation 
• Integration test 
• Archiving, saving  

• Data conversion, migration 
• Training II. 
• User test 
• Switch 
• Support, follow up 
General prescriptions for the system integration projects are related to: 
• Documents 
• Organization 
• Planning 
Figure 10-2 presents the project-management model and the type-model for the system 
integration projects. 

Project -management model

Start
Execution

Conc-
lusion

Preparation

Configuration
management

Change
management

Project-type model  for system integration projects

Creating the
 necessary
hardware / software
 conditions

Installing standard
software components 

Survey about user’s
 implementation
 needs

Execution of the integration

• Specifying the adaptation needs

• Adapting the software

• Translating the documentation

• Integration test

• Archiving, saving
• Data conversion, migration

Training II.

User test

Switch

Support,
follow up

OK?

Minor changes

Training I.

Drastic changes

 

Figure 10-2: Type-model for system integration projects at IQSOFT 
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At IQSOFT system integration projects are typical in the departments AVA, OLIB, and 
IMA . In each case the specific software will be installed and customized according to the 
needs of the user (Avalon, Oracle Libraries, Doktar). 
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10.3 List of quality system documents at IQSOFT Ltd. 
 
Master lists (list of valid documents):  
 
ID Issue Title of the 

document 
File name  Approved 

by 
Valid 
document to be 
found on ... 

ISO-MES Beginning with 
1998.01.26, 
continuously  

ISO master list ISO master 
list.doc 

Garami P. \\Fileserv1   
\min 
\ISO projekt 

AVA-MES From 1998.01.26 
continuously  

AVALON master 
list 

Mesterls.doc Ládonyi J. \\Fileserv1  
\avalon\bizony
l 
\mesterls 

OLI-MES Continuously 
from 1998.01.26 

OLIB master list OLIB master list. 
doc 

Móri J. \\sun3\usr2\pc 

OKT-MES Continuously 
from1998.01.28 

Oktatás master list Okt master list. 
doc 

Balogh J. \\Fileserv1  
\okt  

OBT-MES Continuously 
from1998.02.26 

OBT master list OBT master list. 
rtf 

Kovács A. \\Fileserv1 
\obt  

IMA-MES-01 Continuously 
from 1998.02.25 

IMA master list IMAMES.xls  Kapusy A. \\Fileserv1  
\ima 

IQPMS-MES Continuously 
from 1998.03.11 

IQPMS master list iqpms master 
list.doc 

Gere T. \\Fileserv1 
\iqpms  

KUT-MES Continuously 
from 1998.03.19 

KUT master list KUT_master 
list.rtf 

Szeredi P. \\Fileserv1\kut 

KER-MES Continuously 
from 1998.04.16 

KER master list KER master 
list.doc 

Gulyás F. \\Exchange 
\All public 
folders 
\KER 
\Disztribúció  

IGT-MES Continuously 
from 1998.12.16 

IGT master list IGT master list. 
doc 

Langer T. \\Fileserv1 
\igt 
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Quality Handbook: 

ID Title of the document File name Approved by Validity: if eletronic: 
\\Fileserv1 \iso9001 

MKK Quality Handbook Minõségügyi 
kézikönyv.doc 

Langer T. \OK\MKK  

 
Process descriptions: 

ID Title of the document File name  Approved 
by 

Validity: if electronic 
\\Fileserv1 \iso9001 

EU-KER-03 Sales Értekesités.doc Sipka J. \OK\EU 
EU-DSZ-05 Documenting Dokumentálás.doc Langer T. \OK\EU 
EU-KER-06 Purchasing Beszerzés.doc Sipka J. \OK\EU 
EU-KON-08 Configuration management Konfig kezelés.doc Langer T. \OK\ EU 
EU-PRM-09 Project Management 

Handbook  
Projektirányítás.doc Langer T. \OK\EU 

 
EU-AVA-09 Project type model of 

Avalon department 
AVmodell.doc Sipka J. \OK\EU 

EU-OLI-09 Project type model of Olib 
department 

OLIBmodell.doc Sipka J. \OK\EU 

EU-TIT-09 Secretariat processes  Titkárság.doc Sipka J. \OK\EU 
EU-OKT-09 Training procsses Oktatás.doc  Sipka J. \OK\EU 
EU-TST-10 Testing Tesztelés.doc Langer T. \OK\EU 
EU-RGZ-15-1 Backups Mentés.doc  Langer T. \OK\EU 
EU-RGZ-15-2 Hardware and software 

system processes  
Üzemeltetés.doc Langer T. \OK\EU 

EU-AUD-17 Internal audits  Auditálás.doc Langer T. \OK\EU 
EU-KEP-18 Internal training Képzés.doc Langer T. \OK\EU 
EU-SUP-19 Support  Support.doc Langer T. \OK\EU 
 
Working procedures: 

ID Issue Document title File name  Approved by Validity: if electronic, 
\\Fileserv1 \iso9001 

MU-AVA -1-1   IFS/AVALON avarend.doc Ládonyi J. \OK\MU 
MU-AVA -1-2  Translation of 

IFS/AVALON  
magyarit.doc Ládonyi J. \OK\MU  

MU-RGZ-
KAPCS 

 Starting and shutting 
down the servers 

Ki-bekapcsolás. 
doc 

Langer T. \OK\MU 

 
Templates:  

ID Document title File name  Approved by Validity: if electronic, 
\\Fileserv1 \iso9001 

IQfax Fax template IQfax.dot Langer T. \Template 
IQfaxEnglish Fax template (English) IQfaxEnglish.dot Langer T. \Template 
IQszab Regulating document  IQszab.dot Langer T. \Template 
IQkicsi Hungarian small document  IQkicsi.dot Langer T. \Template 
IQnagy1 Hungarian big document 

(one sided) 
IQnagy1.dot  Langer T. \Template 

IQnagy2 Hungarian big document 
(two sided))  

IQnagy2.dot  Langer T. \Template 

IQsmall English small document  IQsmall.dot Langer T. \Template 
IQbig1 English big document (one 

sided) 
IQbig1.dot Langer T. \Template 

IQbig2 English big document (two 
sided) 

IQbig2.dot Langer T. \Template 

IQexcel Excel document  IQ.xlt Langer T. \Template 
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Quality document models 

ID Document title File name  Approved by Validity: if electronic, 
\\Fileserv1 \iso9001 

IQppt PowerPoint model 
(Office 97) 

slidemaster.ppt  Langer T. \Általános 

IQppt-95 PowerPoint model 
(Office 95)  

slidemaster95.ppt  Langer T. \Általános 

IQ-JELEN Presence sheet  Jelenléti ív.doc Langer T. \Általános 
GAZ-
ELSÕBESO 

Staff position sheet Munkaköri 
besorolás start.doc 

Langer T. \Általános 

GAZ-BESOROL Staff position sheet Munkaköri 
besorolás.doc 

Langer T. \Általános 

GAZ-MEGBIZ Staff tasks sheet Munkaköri 
megbízás.doc 

Langer T. \Általános 

XXXXXX- 
TELJ-NN 

 Teljesítési 
jegyzökönyv.doc 

Langer T. \Általános 

XXXXXX- 
EML-NN 

Rememberer Emlékeztetö.doc Langer T. \Általános 

XXXXXX-
PROJEML-NN 

Project note Projekt-
emlékeztetö.doc 

Langer T. \Általános 

XXXXXX-
ÁLLJEL-
ÉÉHHNN 

State note Állapot-jelentés.doc Langer T. \Általános 

XXXXXX-
KÖLTSÉG 

Theme buget Költség-követés. 
xls  

Langer T. \Általános 

XXX-MES Theme master list Téma mesterlista.doc Langer T. \Min 
AUD-CHK Audit checklist Audit ellenõrzõ 

lista.doc 
Langer T. \Min 

AUD-JELENT Internal audit report  Audit 
zárójelentés.doc 

Langer T. \Min 

AUD-NEMM Nonconformity report  
 

Nemmegfelelõség.do
c 

Langer T. \Min 

AUD-
JELENLÉTI 

Presence sheet on 
audit final meeting 
 

Audit jelenléti ív.doc Langer T. \Általános 

AVA-PROBL Problem registration 
sheet  

Problreg.doc Ládonyi J. \Ava 

AVA-IGÉNY implementation 
requirements list 

Implap.doc Ládonyi J. \Ava 

AVA-SPEC Specification Spectemp.doc Ládonyi J. \Ava 
AVA-SPFAX AVALON adaptations Specfax.doc Ládonyi J. \Ava 
AVA-ÁTAD AVALON minute Avaatad.doc  Ládonyi J. \Ava 
AVA-SZIG Confirming the 

execution of AVALON 
services 

Szolgig.doc Ládonyi J. \Ava 

AVA-SZIGE AVALON fulfillment 
report of services 

Szolgige.doc Ládonyi J. \Ava 

IFS-IGÉNY IFS implementáció s  
igénylista munkalap 

Ifsimplap.doc Ládonyi J. \Ava 

IFS-SPEC IFS specifikáció Ifsspectemp.doc Ládonyi J. \Ava 
IFS-SPFAX IFS Ifspecfax.doc Ládonyi J. \Ava 
IFS-ÁTAD IFS átadás / átvételi 

jegyzõkönyv 
 

Ifsatad.doc Ládonyi J. \Ava 

IFS-SZIG IFS szolgáltatások Ifsszolgig.doc Ládonyi J. \Ava 
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ID Document title File name  Approved by Validity: if electronic, 
\\Fileserv1 \iso9001 

teljesítési igazolása 
IFS-SZIGE IFS fulfillment report of 

services 
Ifszolgige.doc Ládonyi J. \Ava 

KER-AJ-F Proposal_fax.doc Ajánlat_fax.doc Sipka J. \Ker 
KER-AJ-L Proposal_mail.doc Ajánlat_levél.doc Sipka J. \Ker 
KER-MEGR-F Order_fax.doc Megrendelés_fax.do

c 
Sipka J. \Ker 

KER-MEGR-L Order_mail.doc Megrendelés_levél.d
oc 

Sipka J. \Ker 

KER-IG-F Orderconfirm_fax.  
doc 

Rendelésigazolás_fa
x.doc 

Sipka J. \Ker 

KER-IG-L Orderconfirm_mail.doc Rendelésigazolás_le
vél.doc 

Sipka J. \Ker 

KER-TENDER Tender Tenderezés.mpp Sipka J. \Ker 
XXX-TELREG Phone registering 

sheet  
Telefon regiszt rációs 
lap.doc 

Langer T. \Sup 

XXX-SUPREG Support registration 
sheet  

Support regisztrá-
ciós lap.doc 

Langer T. \Sup 

XXX-SUPPORT  Support asking sheet  Support  kérõ 
lap.doc  

Langer T. \Sup 

XXX-SUPTELJ  Support execution 
confirm 

Support teljesítés 
igazolás.doc 

Langer T. \Sup 

KÉP-IGÉNY Training needs Képzési igény.doc Langer T. \Kép 
KÉP-TERV training plan Képzési terv.doc Langer T. \Kép 
KÉP-NYILV trainin g registration Képzés 

nyilvántartás.doc 
Langer T. \Kép 

KEP-JELEN Training presence 
sheet  

Képzés jelenléti 
ív.doc 

Langer T. \Kép 

OLI-ÁTAD OLIB minute oliatad.doc Vajda M. \Oli 
OLI-ORDER Order form order.doc Vajda M. \Oli 
Jq-md-mi-html HTML document 

model 
Jq-md-mi.htm Kovács A. \Obt 

Jq-md-mi-rtf RTF document model Jq-md-mi.rtf Kovács A. \Obt 
Jq-ren Ráfordítás elszámolási 

napló 
Jq-ren.doc Kovács A. \Obt 

RGZ-CONFIG Configuration sheet Konfigurációs 
lap.doc 

Langer T. \Rgz 

RGZ-SAVE Save log Mentési napló.doc Langer T. \Rgz 
RGZ-RESTORE Restoring log Visszaállítási 

napló.doc 
Langer T. \Rgz 

TST-TERV Test plan  Tesztterv.doc Langer T. \Tst 
TST-HIBA Problem list Probléma lista.xls  Langer T. \Tst 
KON-JEL Configuration report  Konfiguráció 

jelentés.doc 
Langer T. \Kon 

KON-TERV Configuration 
management plan 

Konfiguráció 
terv.doc 

Langer T. \Kon 

KON-VALT Asking for 
modifications 

Változtatási 
kérelem.xls  

Langer T. \Kon 
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Project management document models: 

ID Document title File name  Approved by Validity: if electronic, 
\\Fileserv1 \iso9001 

elfogad Acceptance  Elfogadási 
nyilatkozat.doc 

Langer T. \Admin 

esemeny Event log Eseménynapló.doc Langer T. \Admin 
vezjel Management repoty Vezetõi jelentés.doc Langer T. \Admin 
ajanlat Proposal Ajánlat.doc Langer T. \Elõkészítés  
cashfl Cash flow plan Cash flow.doc Langer T. \Elõkészítés 
dbase Data base development 

plan (mpp) 
Adatbázis 
fejlesztés.mpp 

Langer T. \Elõkészítés 

interju  Interwiev Interjú.doc Langer T. \Elõkészítés 
kapacitas  Capacity contract  Kapacitás 

szerzõdés.doc 
Langer T. \Elõkészítés 

nprterv High level project plan Nagyvonalú projekt 
terv.doc 

Langer T. \Elõkészítés 

prterv  High level project plan 
(mpp) 

Projekt terv.mpp Langer T. \Elõkészítés 

valszerz Contract  Vállalkozási 
Szerzõdés.doc 

Langer T. \Elõkészítés  

pid  Project initiation 
document 

Projekt indító.doc Langer T. \Indítás  

rprterv Detailed project plan Részletes projekt 
terv.doc 

Langer T. \Indítás  

lezar Project closedown 
document 

Projekt lezáró.doc Langer T. \Zárás 

 
Technical process documents  

ID Document title File name Approved by Validity: if electronic, 
\\Fileserv1 \iso9001 

nagytrv High level project plan Nagyvonalú 
rendszerterv.doc 

Langer T. \Fejlesztési projektek 

resztrv Deytailed project plan Részletes 
rendszerterv.doc 

Langer T. \Fejlesztési projektek 

felhkk User’s handbook Felhasználói 
kézikönyv.doc 

Langer T. \Fejlesztési projektek 

fhigeny User requirement log Felhasználói 
igények.doc 

Langer T. \Fejlesztési projektek 

karbnap Support and service 
activity log 
 

Karbantartási 
napló.doc 

Langer T. \Fejlesztési projektek 

karbant Support handbook Karbantartói 
kézikönyv.doc 

Langer T. \Fejlesztési projektek 

 
Other related documents: 
ID Document title File name  Approved by Validity: if electronic, 

\\Fileserv1 \iso9001 
IQ-AOK IQSOFT Rt constitutive act  - Náray Zs. GAZ. irattár 
IQ-ASZ IQSOFT Rt basic rules -  GAZ. irattár 
IQ-CEG IQSOFT Rt Cégkivonat - Cégbíróság GAZ. irattár 
IQ-IG-H3 IQSOFT Rt 3\1997 

Igazgatósági határozat a 
cégjegyzésrõl 

- Dömölki B. GAZ. irattár 

IQ-IG-H3-M1 IQSOFT Rt 3\1997. - Dömölki B. GAZ. irattár 
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ID Document title File name  Approved by Validity: if electronic, 
\\Fileserv1 \iso9001 

Igazgatósági határozat 1 sz. 
melléklet  
Cégjegyzésre jogosult 
dolgozók 

IQ-IG-H1/98 IQSOFT Rt 1\1998 
Management declaration on 
quality policy  

 Dömölki B. GAZ. irattár 

IQ-RES Roles and responsibilities  Felelõsségek 
hatáskörök.doc 

Szabó T. \IQSOFT ált. információk 

IQ-SZER Organizational structure  Szervezeti 
felépítés.ppt  

Langer T. \IQSOFT ált. információk 

IQ-TEMA List of Short theme names 
’98 

Rövid témanév 
jegyzék.xls  

Langer T. \IQSOFT ált. információk 

 
External documents 

ID Issue Title Validity 
MSZ EN ISO 8402 1996 Minõségirányítás és minõségbiztosítás. 

Szakszótár 
MIN folder 
(paper) 

MSZ EN ISO 9000-3 1994 Minõségirányítási és minõségbiztosítási 
szabványok. 
3. rész: Irányelvek az ISO 9001 szabvány 
alkalmazásához a szoftverfejlesztés, - -
karbantartás területén 

MIN folder 
(paper) 

MSZ EN ISO 9001 1996 Minõségügyi rendszerek minõségbiztosítási 
modellje a tervezés, a fejlesztés, a termelés és a 
vevõszolgálat területén 

MIN folder 
(paper) 

MSZ EN ISO 9002  1996 Minõségügyi rendszerek. A gyártás, telepítés 
és vevõszolgálat minõségbiztosítási modellje. 

MIN folder 
(paper) 

MSZ EN ISO 9003  1996 Minõségügyi rendszerek. A végellenõrzés és a 
vizsgálat minõségbiztosítási modell je. 

MIN folder 
(paper) 

MSZ EN ISO 9004-1  1994 Minõségirányítás és minõségügyi 
rendszerelemek.  1. rész: Irányelvek. 

MIN folder 
(paper) 

MSZ EN ISO 9004-2  1996 Minõségirányítás  és minõségügyi 
rendszerelemek.  
2. rész: A szolgáltatás irányelvei.  

MIN folder 
(paper) 

MSZ ISO 10013.  1998 Minõségügyi kézikönyvek kidolgozásának 
irányelvei 

MIN folder 
(paper) 

ISO 6592 .  1985 Information processing. Guidelines for the 
documentation of computer-based application 
systems. 

MIN folder 
(paper) 

ISO 10011-1.  1990 Guidelines for auditing quality systems. 
Part 1: Auditing. 

MIN folder 
(paper) 

ISO 10011-2.  1991 Guidelines for auditing quality systems. 
Part 2.: Qualification criteria for quality system 
auditors 

MIN folder 
(paper) 

ISO 10011-3.  1991 Guidelines for auditing quality systems. 
Part 3: Management of audit programmes. 

MIN folder 
(paper) 

ISO 10013.  1995 Guidelines for developing quality manuals. MIN folder 
(paper) 

TICKIT 1990.09.30 A Guide to Software QMS Construction and 
Certification using ISO 9001 

MIN folder 
(paper) 

TÖRV-93/X 1993.03.02 1993. évi X törvény a termékfelelõsségrõl MIN folder 
(paper) 

JOGTÁR Continous Számítógépes jogszabály gyûjtemény GAZ folder 
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up-date (paper) 

 

10.4 Characteristics of the elements of the data base 
 
Data Characteristics Examples  Relationship(s) with 

other data 
Type of relation-
ship(s) 

Software 
system 

name 
type 
 
nr. of components 

MYSIS 
operating system, 
database syst, process 
control syst etc 
15 

is composed of Software 
items 

n:m (a sw system may 
have more sw item 
components)  
 

Software item name 
size 
 

progr1  
20 KLOC 

is part of Software 
system 
is developed within 
Technical process 
 
has Product quality 
attributes 

n:1 (a sw item is 
developed by 1 techn. 
process) 
 
1:n  

Technical 
process  

name 
 
 
 
type 
 
 
(Remark: phases :  
this is important in 
the case of concrete 
processes, which 
may use just part of 
the methodology; 
in generic terms the 
phasing is 
described in the 
Development 
Methodology  item) 

system development / 
tp11 
 
 
 
system development  
 
 
preliminary syst. design, 
detailed syst. design, 
programming, integration 
test, installation, switch, 
user documentation, 
support and follow up  

develops Software items 
 
 
 
follows a Development 
methodology 
 
runs within Project 
 
 
 
 
 
has Technical process 
qua lity attributes 

1:n (a technical 
process can develop 1 
or more sw items)  
 
1:1  
 
 
n:m (the same 
technical process can 
run within more 
projects, a project can 
have more technical 
processes) 
 
n:m  

Development 
methodology 

name 
 
 
 
 
 
produced by  
 
sw CASE tools 
 
phases (Remark: 
this is the phasing 
for a certain 
process type = a 
process type model; 
limited number of 
occurences, 
depending on the 
number of the type 
models of the 
company)  

Oracle Case Method (or 
the standards of the 
company for the process 
type, e.g. IQSOFT 
database development 
standard)  
 
Oracle (IQSOFT) 
 
Case designer... (own 
combination of case 
tools)  
 

is followed by Technical 
process 
 
has attached 
Development 
methodology 
guidelines, documents 

1:1  
 
 
1:n  

Development 
methodolo gy 
Documents, 
guidelines 

name 
 
 
contents of the 
document  
 

IQSOFT database 
development handbook 
 
phasing, for each phase: 
input, output, activities, 
deliverables 

is attached to 
Development 
methodology 
 
 
 

n:1 (more documents 
can be attached to the 
same methodology) 
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Data Characteristics Examples  Relationship(s) with 
other data 

Type of relation-
ship(s) 

 
attached deliverable 
models = templates 
 
 
 
Remark:  
On the specific level 
the concrete 
documents are 
attached here. 
 

 
Preliminary / detailed 
system design  model ;  
test plan model; test log 
model;  error log model;  
user handbook model 
(concrete syst . design, 
concrete test plan, 
concrete test log , 
concrete error log, 
concrete user handbook) 
etc. 

 
 

Project  name 
 
type 
 
planned start date / 
end date 
 
actual start 
date/end date 
 
planned budget  
 
actual cost  
 
external partners 

PIE  
 
routine, unique  etc. 
 
1.02.1996 / 15.05.1997  
 
 
1.02.1996 /30.05.1997 
 
 
12 mil  
 
13 mil  
 
Metier Plancon (NL)  

follows a PM 
methodology 
 
 
 
 
 
(in its execution phase) 
has Technical processes 
 
uses Resources  (human 
+ sw/hw) 
 
has PM  quality 
attributes 

n:1 (one project 
follows exactly 1 PM 
methodology, but the 
same methodology can 
be followed by more 
projects; in fact is 
followed by all 
projects) 
 
n:m  
 
 
n:m  
 
 
n:m  

PM 
methodology 
 
Remark: 
(it is unique 
for the 
company!!!) 

name 
 
 
produced by 
 
sw CASE tools 
 
 
phases  

IQSOFT PM methodology 
/ PRINCE... 
 
IQSOFT / LBMS... 
 
own tools or own 
combination of tools (e.g. 
MSProject + Scheduler...).. 
 
preparation, start,  
execution, conclusion  

is followed by Project 
 
 
 
 
 
 
has attached PM 
methodology 
guidelines, documen ts 

1:n (more projects can 
follow the same PM 
methodology= all 
project follow the 
same PM 
methodology)  
 
 
1:n  

PM methodol. 
Documents, 
guidelines 

name 
 
contents of the 
document  
 
 
 
attached 
deliverable models 
templates  
On the specific 
level concrete 
documents are 
attached here.  

IQSOFT PM Handbook 
 
phasing, for each phase: 
input, output, activities, 
deliverables 
 
Specification model / 
concrete doc;  Proposal 
model/ concrete Proposal; 
Contract model/ concrete 
Contract; detailed project 
plan model / 
concreteDetailed pr. plan; 
Quality planmodel model / 
concrete Quality plan, ... 

is attached to PM 
methodology 
 
 

n:1 (more documents 
can be attached to the 
same methodology) 
 
 
 

Resources type 
if human: 
  name 
  age 
  position in the 
project  
  salary 
 
If software: 

human, sw, hw 
 
Pakozdi A.  
33 
pr. manager 
 
30$ hour  
 
 

are used by Project 
 
have Resource Quality 
attributes 

n:m  
 
 
n:m  
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Data Characteristics Examples  Relationship(s) with 
other data 

Type of relation-
ship(s) 

  name 
  developer 
  price 
  op. system 
 
If hardware: 
  name 
  price 
  CPU type 
  CPU speed 
  Monitor  
  Spec. hw element 
required 

MSProject  
Microsoft  
20000 HUF 
Win95  
 
 
PC Desktop 
200000 HUF 
Pentium  
133 Mhz 
15” SVGA 
Network card- Ethernet 

Product 
quality 
attributes 

name 
 
description  
 
subcharacteris-tics  
 
 

functionality, reliability... 
 
(see ISO 9126) 
 
accuracy, suitability, 
interoperability, 
complience, security 
(see.ISO 9126)  

is attached to Software 
item 
 
is measured by Product 
metrics  

n:m  
 
 
n:m  

Technical 
process quality 
attributes 

name 
 
 
description  

nr of faults, errors 
 
 
Counted nr of errors 
during formal testing 

is attached to Technical 
process 
 
it is measured by 
Technical process 
metrics  

n:m  
 
 
n:m  

PM quality 
attributes 

name  
 
 
 
 
description  

cost, earned value, cost 
variance, customer 
confidence, involvement 
customer... 
 
money spent on the 
project  

is attached to Project 
 
is measured by PM 
metrics  

n:m  
 
 
n:m  

Resource 
quality 
attributes 

name 
 
description  

if human: e.g. skills, 
experience, 
communicating ability.... 
 
if sw: e.g. see product 
quality attributes!!! 
 
if hw: e.g. speed, memory 
size 

is attached to Resources  
 
is measured by Resource 
metrics  

n:m  
 
 
n:m  

Product 
metrics 

name 
 
description  
 
 
 
interpretation 
 
 
scale type  
 
measure type 

estimable restart time 
 
Success ratio estimated 
time average x= A/B ... 
 
 
0<= X. The larger and 
closer to 1.0 is the better 
 
x = ratio  
 
A = count, B=count, X= 
Count / Count  

measures Product 
quality attributes  

n:m  

Technical 
process 
metrics 

Name 
 
description  
 
interpretation  
 
scale type  

fatal error  
 
causes loss of data...  
 
program aborts 
 
Number 

measures Technical 
process quality attribute 

n:m  
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Data Characteristics Examples  Relationship(s) with 
other data 

Type of relation-
ship(s) 

 
measure type 
location 
timing 
effect 
manifestation  
cause 
cost 
count 

 
count 
in progr3  
at 12:01 
database corrupted 
(acc. to the concrete case) 
(acc. to the concrete case) 
(acc. to the concrete 
caseÖ 
3 (3 entities were 
observed)  

PM metrics name 
 
description  
 
interpretation  
 
scale type  
 
measur e type 

effort, time, cost  
 
effort in man/days 
 
man hours spent 
 
number 
 
observation 

measures Project quality 
attributes 

n:m  
 

Resource 
metrics 

name 
 
description  
 
 
interpretation  
 
scale type  
measure type 

experience  
 
in years, in nr of similar 
projects...  
 
t he bigger, the better 
 
number 
ask information 

measures Resource 
quality attribute 

n:m  

Table 10-2: Characteristics of the data base elements 

 
10.4.1 An example of a database built at IQSOFT 
 
At IQSOFT Ltd. already exist elements that can be put in a database: project related data is 
recorded in an organized way; prescriptions, standards related to project management and 
technical activities are electronically available; standard document templates are 
electronically available. We can state that the specific - level database is partly operational 
(except the product-related items), and some elements of the generic - level database also 
exist. 
If looking to the second level static data model, we can state that the part of the database 
indicated in Figure 10-3 is operational at IQSOFT. 
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Figure 10-3: Operational parts of the database at IQSOFT  

  
The elements of the database could be characterized as presented in Appendixes, 10.4. 



 174

About the Author 
 
Katalin Balla was born in Turda, Romania, in 1961. She graduated from the “Babes-
Bolyai” University in Cluj in 1984, as an informatician. Between 1984-1990 she worked 
first as a programmer, then as a software system –engineer at the Computer Center in 
Campia Turzii. In 1990 she joined “A Hét”, a Hungarian periodical in Bucharest, where she 
worked as a scientific columnist till 1992. In this period she organized and conducted the 
first Hungarian-speaking computer science- oriented program at Radio Bucharest. From 
1992 to 1993 she followed post-graduate studies in software engineering at the Technical 
University Budapest (Hungary), where she did Ph.D. studies between 1994-1997. She 
joined IQSOFT Ltd. in 1993, where she works till the present, as a quality manager. She 
participated in several international projects, doing research in the Netherlands, at 
Eindhoven University of Technology. 
Katalin lives in Budapest with her husband András Sógor and their daughter, Zsuzsanna 
Katalin Sógor. 
 



 

 175



 

 176

Bibliography, references 
 
[***IQSOFT96] ***IQSOFT 96: IQSOFT Annual Report, 1996 

 
[***SzKI77] ***SzKI: Szoftver Minõségi Alapkövetelmény , 1977-1978. Az SzKI 

belsõ kiadványa . 
[Bache&95] Bache, R., Neil, M.: Introducing metrics into industry: a perspective on 

GQM In: Software Quality Assurance and Measurement - A Worldwide 
Perspective. pp. 59-68. Edited by Norman Fenton, Robin Whitty, 
Yoshinori Iizuka. International Thomson Computer Press, 1995. ISBN 1-
855032-174-4 

[Balla94] Balla, K.: Attempts to introduce software quality management In: Austrian-
Hungarian Workshop on Software Engineering, pg. 6.1.-6.10, Klagenfurt, 
8-9 April 1994. 

[Balla95] Balla, K.: Software quality management : ISO 9000- but not only. Research 
Report. Technical University Eindhoven, Graduate School of Industrial 
Engineering and Management Science, March 1995. (EUT/BDK/68, ISBN 
90-386-0055-0, ISSN 0929-8479) 

[Balla95a] Balla, K.: Software quality management: to understand and to introduce 
(I)Studia Universitatis Babes-Bolyai, Mathematica, vol. 40 no. 3 pp. 3-
10.1995. 

[Balla96] Balla, K.: Software Quality through pm² . Metier Plancon Connected, 
Purmerend, The Netherlands, May 1996. pp.2.-4. 

[Balla96a] Balla, K.: Szoftverminõség-biztosítás: igényre szabott szabványok. A IV. 
Magyar Minõségi Hét Nemzetközi Konferencia kiadványa, I. kötet, 127.- 
132. oldal. 1996. január, ISBN 963-8032-17-0-Ö, ISBN 963-8032-18-
9. 

[Balla96b] Balla, K.: Software quality management: to understand and to introduce (II.)  
Studia Univ. Babes-Bolyai, Informatica, 
vol. I. nr. 1. (1996) pp. 93-104 

[Balla97] Balla, K.: IQpm²  - Progress Report on IQSOFT Ltd.’s PIE project. 
Submitted to PHARE. January 1997, 

[Balla97a] Balla, K.: Projektvezetési módszertanok a szoftverminõség szolgálatában. 
Az V. Magyar Minõségi Hét Nemzetközi Konferencia kiadványa, II. kötet, 
143.- 149. oldal. 1997. január, ISBN 963-8032-1-Ö, ISBN 963-8032 26 
X I. k. 

[Balla97b] Balla, K. Langer, T.: Beneficial effects of IQpm²  on the quality oriented 
work. In: Proceedings of the Annual Meeting of European Artemis Users 
Association, T2, pp.1-10,  Oslo, Norway, 1997. Sept. 18-19.  

[Balla97c] Balla, K.: QMIM - Minõségi szoftverek gyártását támogató információs 
rendszer. A VI. Magyar Minõségi Hét Nemzetközi Konferencia kia
1997. November 10. 

[Balla97d] Balla K., Langer T.: Process Improvement for Better Software Quality. 
Proceedings of the “ESI & ISCN” International Conference. Budapest, 



 

 177

1997. November 11-12. 
 

[Balla99a] The Story and the Effects of Introducing a Project Management 
Methodology. In: Proceedings of Second Telecommunication and Project 
Management Forum, Budapest, 5th April 1999. 

[Balla99b] A Possible Way from Chaos to Order. In: Proceedings of the  VIII. 
Hungarian Quality Week international Conference. 1999. November. pp. 
144-154. 

[Basili&88] Basili, V., Rombach, H.D.: The TAME project: Towards Improvement-
Oriented Software Environments. In: IEEE Trans. Software Engineering, 
June 1988, pp. 758-773 

[Basili85] Basili, V.: Quantitative Evaluation of Software Engineering Methodology. In: 
Technical Report TR-1519 CS Dept, University of Maryland, College 
Park, July 1985 

[Basili95] Basili, V.: Applying the Goal/Question/Metric paradigm in the experience 
factory. In [Fenton&95], pp. 21-43. 

[Basili95a] Basili, V.: SEL’s Software Process Improvement Program. In: IEEE 
Software, November 1995, pp. 83-87. 

[Beiczer78]  Beiczer, Ö., Szentes, J.: Felhasználói programok forráslista alapján történô 
minôsítése, Softtech sorozat, D26, SzKI, 1978. 

 oftver termék és folyamatminõség. Elõadás az ITD Hungary 
"Szoftverminõség - biztosítás" c. rendezvényén. 1997. június 19. 

[Boehm78] Boehm B.W. Characteristics of software quality, TRW Series of Software 
Technology, Vol.1, North Holland, 1978 

[Carr&93] Carr, M., Konda, S., Monarch, I., Ulrich, C., Walker, C.: Taxonomy-
Based Risk Ideantification. Technical Report CMU/SEI-93-TR-6, ESC-
TR-93-183, Software Engineering Institute, Carnegie Mellon University, 
June, 1993. 

[Checkland91] Checkland, P.: From Framework through Experience to Learning: the 
essential nature of Action Research. In: Information Systems Research: 
Contemporary Approaches & Emergent Traditions, 1991. Edited by 
Nissen, Hans-Eric, Klein, H., Hirchheim, R.. pp.397-404 

[Clayton95] Clayton, C.: Requirements validation for aviation system software. Paper, 
submitted for “CASE ‘95: Seventh International Workshop on Computer-
Aided Software Engineering”, 1995 

[Delobel&95] Delobel, Claude, Lecuse, Christophe, Richard, Philippe: Databases: from 
Relational to Object-Oriented Systems. International Thomson Publishing 
Inc., 1995. ISBN 1-850-32124-8 

[Deming89] Deming, E: Out of Crisis. MIT Centre for Advanced Engineering Study, 
Cambridge, MA, 1989. 

[Develin93]  Develin & Partners Management Consultants, Freeing the Victims - 
Achieving Cultural Change Through Total Quality, 1993. 

[Dion92] Dion, R.: Elements of a Process Improvement Program. In: IEEE Software, 
July 1992, pp. 83-85. 

[Feigen93] Feigenbaum, A.: EOQ World Conference, Helsinki, in: MMT Társasági 



 

 178

Tájékoztató, II. évf. 12. sz. 1993. dec. 



 

 179

 
[Fenton&95] Software Quality Assurance and Measurement - A Worldwide Perspective. 

Edited by Norman Fenton, Robin Whitty, Yoshinori Iizuka. International 
Thomson Computer Press, 1995. ISBN 1-855032-174-4 

[Fenton&97] Fenton, N.E., Pfleeger, Sh. L.: Software Metrics: a Rigorous & Practical 
Approach. International Thomson Computer Press, 1997. 

[Fenton92] Fenton, N.E.: Software metrics - a rigorous approach. Chapman&Hall, 
1992. 

[Fuchs95] Fuchs, Norbert: Software measurement - an evolutionary approach. In: 
[Fenton&95], pp. 69-77. 

[Garvin84] Garvin, D.A.: What does 'product quality' really mean ?, Sloan 
Management review, Fall 1984 

[Geiger93]  Geiger, W.: Talk Show with ISO 8402 ? Contemplative thoughts about the 
new quality vocabulary, EOQ Quality 1/1993, pg. 13-17 

[Genuch91]  Genuchten, M.van: Towards a Software Factory. Ph.D. thesis, Eindhoven 
University of Technology, 1991, ISBN: 90 900 4119 2 

[Gillies92] Gillies, A.: Software Quality - Theory and management. Chapman & Hall 
Computing, 1992. 

[Gintell&95] Gintell, J., Houde, M., McKenney, R.: Lessons learned by building and 
using Scrutiny™ a collaborative software inspection system. Paper, 
submitted for “CASE ‘95: Seventh International Workshop on Computer-
Aided Software Engineering”, 1995 

 Györkös, J.: A support for auditing the software process, in: Austrian-
Hungarian Seminar on Software Engineering, Klagenfurt, 7-8 April 1994, 
pg. 7.1.-7.4. 

[Hamilton2000] Hamilton, John: Staged and Continuous SPI Model Architecture – shich is 
best? EuroSPI 2000, Coppenhaga. Tutorial, 7. Nov. 2000. 

[Hares90] Hares, John S.: SSADM for the Advanced Practitioner. Wiley Professional 
Computing, 1990. ISBN 0 471 92739 2. 

[Havass93]  Havass, M.: A szoftvervizsgálat múltja és jövõje, II. Minõségi Hét, 1993. 
november 8-10., A konferencia elõadásai, II. kötet, pg. 85-101 

[Heemstra&94] Heemstra, F.J., Kusters, R.J., Trienekens J.J.M.: Van kwaliteitsbehoeften 
naar kwaliteitseisen . Een methode voor het bepalen van kwaliteitsbehoeften 
en kwaliteitseisen van informatiesystemen, Lansa Publishing, Leidschendam, 
1994. 

[Helping&95] Helping, D., Scott, C.: AVAT, a CASE tool for software verification and 
validation. Paper, submitted for “CASE ‘95: Seventh International 
Workshop on Computer-Aided Software Engineering”, 1995 

[Hetzel95] Hetzel, Bill: The sorry state of software practice measurement and 
evaluation. In: [Fenton&95], pp. 97-109 

[Hughes91] Hughes, John G.: Object-Oriented Databases. Prentice Hall International 
Series in Computer Science. 1991. ISBN 0-13-629882-6 

[Humphrey87] Humphrey, Watts S.: Managing for innovation. Leading Technical People. 
Prentice - Hall, 1987.  

[Humphrey89] Humphrey, Watts: Managing the Software process. Addison-Wesley 



 

 180

Publishing Company, 1989. 



 

 181

 
[Humphrey95] Humphrey, Watts S.: A Discipline for Software Engineering. Addison-

Wesley, 1995. 
[Humphrey96] Humphrey, W.S.: Using a Defined and Measured Personal Software 

Process. In: IEEE Software, May 1996, pp. 77-87 
[Ishikawa93] Ishikawa, Hiroshi: Object-Oriented Database Systems. Design and 

Implementation for Advanced Applications. Springer-Verlag, 1993. 
[ISO12207] ISO/IEC 12207: 1996 Information technology – Software life cycle 

process 
[ISO15504] ISO/IEC 15504. Information Technology – Software Process Assessment. 

1998.01.12. Part 1: Concepts and Introductory Guide. 1998.01.12. Part 2: 
A reference model for processes and process capability. Part 3 : Performing 
an assessment. Part 4 : Guide to performing assessments. Part 5 : An 
assessment model and indicator guidance. Part 6 : Guide to competency of 
assessors. Part 7 : Guide for use in process improvement. Part 8 : Guide for 
use in determining supplier process capability . Part 9 : Vocabulary.  

[ISO8402] MSZ EN ISO 8402. 1996 : Minõségirányítás és minõségbiztosítás. 
Szakszótár 

[ISO 9004] Quality management and quality system elements - Guidelines, 1987 
[ISO2000] ISOCD2 9001:2000 (1999), ISO/CD2 9004:2000 (1999), Committee 

Drafts 
[ISO9000] Quality management and quality assurance standards - Guidelines for 

selection and use, 1987 
[ISO9000-3] Quality management and quality assurance standards - Guidelines for the 

application of ISO 9001 to the development, supply and maintenance of 
software, 1991 

[ISO9001] Quality systems - Model for quality assurance in design/development, 
production, installation and servicing, 1987 

[ISO9126] ISO/IEC 9126. Information technology - Software product evaluation- 
Quality characteristics and guidelines for their use. 1991. 

[ISO9126-1.2] FCD 9126-1.2 Information technology - Software product quality - Part 1: 
Quality model. 1998-06-26. 

[ISO9126-1] ISO IEC 9126-1: Information technology: Software quality characteristics 
and metrics - Part 1: Qaulity characteristics and sub-characteris tics. 
Working draft. 28 March 1995 

[ISO9126-2] ISO/  IEC JTC 1/SC 7/WG 6:Information Technology - Software Product 
Quality - Part 2: External metrics. Proposed draft technical report. Jan. 18,  
1999. 

[ISO9126-3] ISO / IEC 9126-3: Information Technology - Software product quality - 
Part 3: Internal metrics. Jan. 18, 1999. 

[Iterl93] The ISO 9000 Guide, Interleaf, 1993 
[Jönsson91] Jönsson, S.: Action research. In: Information Systems Research: 

Contemporary Approaches & Emergent Traditions, 1991. Edited by 
Nissen, Hans-Eric, Klein, H., Hirchheim, R.. pp.371-396  

[Kehoe&96] Kehoe, Raymond;  Jarvis, Alka: ISO 9000-3 - A Tool for Software 



 

 182

Product and Process Improvement. Springer-Verlag, 1996., ISBN 0-387-
94568-7 

[Kusters&93] Kusters, R., Heemstra, F., Trienekens, J. : Defining systems quality: 
involving end-users, in: Proceedings of the Profiting from Software 
Measurement Conference, European Function Point User Group, 25-26 
March 1993, Bristol, England, pg. 1-12. 

[Kusters&96] Kusters, Rob; Solingem Rini van; Trienekens, Jos; Wijnands, Hans: Use-
perceptions of Embedded Software Reliability. Internal paper. SPIRITS 
project. TUE, 1996.  

[Kusters93] Kusters, R.: Risk management in practice. Presentation at the NATO Panel 
11 RSG.3 workshop TNO-FEL, The Hague, Netherlands, 21. October 
1993. 

[Kuvaja&94] Kuvaja,P., Simila, J., Kranik, L., Bicego, A., Saukkonen, S., Koch., G.: 
Software Process Assessment & Improvement. The Boostrap approach. 
ISBN O-631-19663-3, Blackwell Publishers, 1994 

[Kyng91] Kung, M.: Cooperative Design: Bringing together the Practeces of Users 
and Designers. In: Information Systems Research: Contemporary 
Approaches & Emergent Traditions, 1991. Edited by Nissen, Hans-Eric, 
Klein, H., Hirchheim, R.. pp.405-415 

[MacDonal&95] MacDonald, F., Miller, J., Brooks, A., Roper, M., Wood, M.: A review of 
tool support for software inspection. Paper, submitted for “CASE ‘95: 
Seventh International Workshop on Computer-Aided Software 
Engineering”, 1995 

[Marzano&95] Marzano, G., Romanazzi, P., Angeling, R.: An experience of functional 
testing with VALID toolkit. Paper, submitted for “CASE ‘95: Seventh 
International Workshop on Computer-Aided Software Engineering”, 1995 

[McCall77] McCall J.A., Richard, P.K., Walters, G.F.: Factors in Software Quality, 
RADC TR-77-369, 1977 

[McCall78] McCall J. A.: The utility of software metrics in large scale software systems 
development, IEEE Second software life cycle management workshop, 
August 1978 

[McCall78a] McCall J.A., Walters, G.F.: The Development of Metrics for Software 
Reliability and Maintainability, proc. 1978 Annual Reliability and 
Maintainability Symposium, pp. 79-85 

[Oracase] Barker, R: Case*Method, Tasks and Deliverables, Addison-Wesley 
Publishing Company, Revised Edition, 1990 

[Paulk95] Paulk, Mark C.: The Evolution of the SEI’s Capability Maturity Model for 
Software. In: Software process - Improvement and Practice, Pilot Issue, 
August 1995, pp.:3-15 

[Pereira93] Pereira, Z. L.: EOQ World Conference, Helsinki, in: MMT Társasági 
 1993. dec. 

[Pfeeger&94] Pfleeger, Sh. Lawrence, Rombach, H.D.: Measurement based Proces 
Improvement. In: IEEE Software, July 1994, pp. 9-11. 

[Pfleeger95/2] Pfleeger, Shari Lawrence: Setting up a metrics programme in industry. In: 
Software Quality Assurance and Measurement - A Worldwide Perspective. 



 

 183

pp. 45-59. Edited by Norman Fenton, Robin Whitty, Yoshinori Iizuka. 
International Thomson Computer Press, 1995. ISBN 1-855032-174-4 



 

 184

 
[Pfleeger95] Pfleeger, L. Sh.: Software measurement: a caution tale or what can metrics 

do and what can’t. Presentation. TUE, 7. Febr. 1995 
[PRINCE91]  Project Run In Controlled Environment , LBMS Delegate Notes, 1991 
[PROPS] Projected Project Steering - Ericsson's project management methodology. 

http://www.ericsson.se/epmi/methods/ 
[Qiu95] Qiu, F: An Expert System Approach to Modelling and Planning Software 

Product Assessment and Certification. Ph.D. thesis, Glasgow caledonian 
University, March 1995 

[Rahardja96] Rahardja, Cynthia Priscilla: A comparative evaluation of Capability Maturity 
Model and ISO 9000. A graduate research project submitted to the 
Department of Computer Science in Partial Fulfillment of the Requirements 
of the Degree of Master of Software Engineering. Embry - Riddle 
Aeronautical University, Daytona Beach, Florida. April 1996. 

[Rout95] Rout, T. P.: SPICE A framework for software process assessment. In: 
Software Process - Improvement and Practice 1(1), pp. 57-66, August 
1995. 

[Sanders95] Sanders, Lawrence G.: Data Modelling. Boyd & Fraser publishing 
Company. 1995. 

[Schach96] Schach, Stephen R.: Classical and Object Oriented Software Engineering. 
Third Edition. IRWIN, 1996 

[Schmauch94] Schmauch, Charles: ISO 9000 for Software Developers. ASQC Quality 
press, 1994. 

[Schulen&95] Schulenklopper, J., Swede, V. van, Vliet, J.C. van: Situational metrics. In: 
Software Quality Assurance and Measurement - A Worldwide Perspective. 
pp. 294-302. Edited by Norman Fenton, Robin Whitty, Yoshinori Iizuka. 
International Thomson Computer Press, 1995. ISBN 1-855032-174-4 

[Smith&89] Smith, David J., Wood, Kenneth B.: Engineering Quality Software. A 
review of current practicies, standards and guidelines including new methods 
and development tools. Second Edition. Elsevier Publishing, 1989. 

[Sonnen95] Sonnentag, S.: Software development expertise: Characteristics of 
exceptional software professionals. Presentation. In workshop “Human 
Factors in Software Quality”, Technical University Eindhoven, 19. Jan. 
1995. 

[SSADM88] Downs E., Clare P., Coe I.: Structured Systems Analysis and Design 
Method - Application and Context Prentice Hall International Ltd, 1988) 

[Stephens93]  Stephens, K.: Quality Systems and Certification - Some Observations and 
Thoughts, EOQ Quality, 1/1993, pg 5-12 

[Szentes82] SOMIKA - An automated System for Measuring Software Quality, Proc. 
of Premier Colloque de Génie Loginiel, AFCET, 261-276 (1982) 

[Szentes83] Szentes, J.: Qualigraph - A Software Tool for Quality Metrics and Graphic 
Documentation, Proc. of ESA/ESTEC Software Engineering Seminar, 
Noordwijk, The  Netherlands, 73-81, 1983. 

[Szentes85] Szentes, J.: A szoftverminôség és mérése, Számítástechnika-
Vállalat, Budapest, 1985 



 

 185

[Taguchi88] *** Quality and reliability engineering international. Special Issue on 
Taguchi Methods. Wiley-Interscience Publication, Vol. 4. Nr. 2., June 
1988. 

[TickIT90]  Guide to Software Quality Management System Construction and 
Certification using ISO 9001/ EN 29001 Part 1 (1987). Issue 1.1 (30. 
September 1990) British Computer Society UK Department of Trade and 
Industry 

[Trienek&94] Trienekens, J.J.M., Thoma, P. : Customer oriented design of quality 
management systems (QMS): learning from industrial management , in: 
Implementing a Quality Management System, editor D.N. Wilson, 
Computational Mechanics Publications, Southampton UK, 1998, page 30-
44, ISBN 1853125938 

[Trienek92] Trienekens, J.J.M.: Quality management in software production, a customer 
oriented approach, in: Integration in Production Management Systems, H.J. 
Pels, J.C. Wortmann (eds.), Elsevier Science Publishers B.V., 1992, pg. 
127-135. 

[Weinberg92] Weinberg, Gerald M. : Quality Software Measurement. Vol.1.: System 
Thinking. Dorset House Publishing, 1992. ISBN 0-932633-22-6 

[Weinberg93] Weinberg, Gerald M. : Quality Software Measurement. Vol.2.: First-Order 
Measurement. Dorset House Publishing, 1993. ISBN 0-932633-24-2 

[Weinberg94] Weinberg, Gerald M. : Quality Software Measurement. Vol.3.: Congruent 
Action. Dorset House Publishing, 1994. ISBN 0-932633-28-5 

[Zijder95] Zijderveld, T.: Test-organisation and testing of Exact software. Preliminary 
graduation report.  

 



 

 186



 

 187

 

Glossary of terms 
 

Term Definition 
Activity types at 
a software 
company 

At software companies two basic types of activities can occur: activities 
needed for the successful completion of the project (called project 
management activities) and activities depending on the technical goal of the 
project (called technical activities). 

Attribute  A measurable physical or abstract property of an entity [ISO9126-1.2] 
CMM Capability Maturity Model developed by SEI. 
Data model The concepts of QMIM and their interactions can be represented in a 

data model.  
The data model is basically a static aspect of the QMIM model. It shows 
which elements are important on the conceptual level, and how they are 
related to each other. 

Definitions  Those sentences that specify what is meant by certain concepts or 
elements of the QMIM model. Definitions are needed to avoid ambiguity 
in case of the concepts, elements of the model. 

Generic project 
model 

The integration of the project management model and project type models. 

Guidelines QMIM guidelines have been developed to support the concepts and make 
the concepts applicable in an organization. Having QMIM conceptual 
model as a starting point, the guidelines provid e aid in populating the 
quality framework and using it in the way that fits the company's goals in 
the best way.  
The guidelines, in fact, help build a company’s own methodology to 
deal with software quality in a unified, balanced way. 

IEC International Electrotechnical Commission 
ISO International Organization for Standardization 
Methodology Guideline, checklist which helps in performing with a certain goal of all 

needed activities, in the right sequence, paying attention to all important 
elements in all moments of time. Most methodologies are structured. 

Metric "The defined measurement method and the measurement scale".  
We consider that the quality attributes of the objects are measured using 
metrics. We consider the process of measurement as being straightly 
connected to the concept of metrics. 

Project 
management 
(PM)  

The totality of activities carried out for the successful completion of the 
project 

Project 
management 
methodology 

A (structured) methodology that addresses project management activitie s. 

Project 
management 

Models the activities needed for a successful completion of the project. 
Normally is composed of the phases: preparation, start, execution, 
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Term Definition 
model conclusion. Most of the technical processes are executed in the Execution 

phase. 
Project type 
model 

Is concerned with the aspects of the technical work done in the project. It 
shows the technical life - cycle, the activities and their sequence to be 
performed in each life- cycle phase, the input, output and deliverables of 
each phase / activity, the organization and the roles needed for them, the 
way of reporting and recording progress, the quality objectives to be 
reached and the way of checking them.  

Quality  
 

The totality of characteristics of an entity that bear on its ability to satisfy 
stated or implied needs [ISO8402]. 

Quality attribute  A key attribute identified usually by the user as being important in defining 
the quality of the object in case, in the situation in case 

Software 
product  

"The set of computer programs, procedures and possibly associated 
documentation and data". "Products include intermediate products, and 
products intended for users such as developers and maintainers." 
[ISO12207]. 
In our opinion, the software products are the results of the technical 
processes. 

Technical 
processes  

The processes that are connected to the technical work done in a software 
project. 
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