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Summary: Building on Lars Mathiasens's notions of hierachical structure-process relationships, the authors argue that system development can be viewed as a series of processes (transformations) and structures (restrictions on process states). It can be seen as a precursor the spiral model for iterative system development introduced by Boehm in 1986.
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The purpose of the development process is to change the organisation, and 
to take advantage of information processing technology. A proposed system 
is a planned future organisation. The plan includes people in the 
organisation and equipment. The system development process includes 
working out this plan, providing the equipment and implementing the plan. 

Methods for system development are guidelines and principles to follow in 
the development process. 

A method is in general characterised by (Mathiassen, 1980): 

1. An area of application, in this ·case: the type of system development 
process. 

2. A "conception (or picture) of the world" consisting of assumptions 
about the nature of systems, organisations, the surrounding society, 
and the purpose of the local organisation. 

3. Principles for organising the development process, splitting it into 
partial tasks and assigning resources. 

4. Techniques of work used in the partial tasks. 

5. Tools used in the application of the techniques. 

Very few methods are described by their authors according to this layout. 
In particular are the assumptions, attitudes and values constituting the 
underlying "picture of the world" very seldom stated, and they have to be 
deduced. 

The type of system development process discussed in this paper relates to: 

- systems that may be regarded as parts of organisations interacting 
with a surrounding society. 

- systems which in regular operation directly affects important aspects 
of the daily life of people involved. 

There are number of "schools" of organisational development. The schools 
are based on values and norms for guidance and control of people and for 
cooperation between people. The "conception of the world" embedded in some 
of these schools sees an employee as a passive object without own 
relevant interests, a person who is guided and motivated. An alternative 
view is to see an employee as an active subject pursuing own or collective 
interests (Fjalestad, 1980) and (Nygaard, 

In some countries there are laws and negotiated agreements between the 
main working life parties, regulating the system development process. As 
an example in Norway the process must take into account: 

- the legislation on co-determination in enterprises (1972) . 

- the "Agreement on Computer Based Systems" ("Data Agreement") between 
the Norwegian Federation of Trade Unions and the Norwegian Employers' 
Confederation, (1975 and 1978). 

- the "Act Relating to Worker Protection and Working Environment" 
(1977). 
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- the legislation protecting information about individual citizens 
(effective from 1980). 

The first trade union demand for a "Data Agreement" came from a local 
union (Askim Chemical Workers' Union) in the autumn of 1973 (Nygaard and 
Bergo, 1973) . After long and difficult negotiations, an agreement was 
signed early 1974 by the union and its employer counterpart. 

It was immediately realised by the Norwegian Federation of Trade Unions 
(LO) and the Norwegian Employers' Confederation (NAF) that a long series 
of similar demands would have to be negotiated in the future. The LO 
therefore asked for a framework agreement between LO and NAF. As a result 
of further negotiations, the "General Agreement on Computer Based Systems" 
was signed by the parties in April 1975. 

The agreement, usually referred to ~s the "Data Agreement" was revised in 
1978. Corresponding agreements between the Government and the unions of 
employees in government service, in local government etc, are also in 
effect. The agreements probably cover system development at more than 90$ 
of workplaces employing organised blue or white collar workers. 

In 1977 the new Norwegian "Act relating to Worker Protection and Working 
Environment" ("Working Environment Act") was put into effect. An important 
aspect of this Act is that it not only states which harmful factors should 
be removed from the working environment, but lists a number of positive 
factors which should be introduced. Also, in paragraph 12 it is stated 
that the law relates to the systems discussed in this paper. 

Evaluations of systems will naturally start by discussion of 
system properties, in this context: the properties of the implemented 
system having effects on the performance and working conditions in the 
organisation. 

It is the experience from the recent Scandinavian research projects in 
this area that the properties of the implemented system and those of 
its system development process are interdependent. It.is not sufficient 
for an interest group to influence system specifications, it also has to 
influence the system development methods used and be represented in the 
teams involved in the development process. (Nygaard and Fjalestad, 1979). 

The participation of user groups in system development is an ongoing 
process - not delimited to intermittent periods of activities related to 
specific systems. The content and design of such long range processes are 
discussed in the context of trade unions in (Nygaard, 1976). 

The development process is usually in itself a large task commonly 
organised by an organisational structure that may be called specialised 
and hierarcic. This structure assumes that the task to be done 
has the following properties: 

- it is decomposable into a number of smaller tasks. 
- the execution each smaller task is controllable. 
- coordination and control are separable from execution of a 

task. 

(Mathiassen, 1980) argues that these assumptions generally do not apply to 
the system development process, and suggests other organisational forms 
(interdisciplinary and dynamic forms). 
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The development process has a number of characteristics which makes it 
difficult to organise and control, and which also has consequences for the 
production of computer software: 

- It may be impossible to set up a detailed plan of the new 
organisation to be implemented at an early stage of the process. 
The final solution will depend upon experiences and knowledge 
gained during the process. Final specifications of the information 
processing equipment needed can in general not be expected until 
late in the process. However, equipment and software are needed 
during the process to gain knowledge. 

- The formalised parts of the information system interacts with the 
informal parts. Computer technology coexists with other 
information technologies and human information processing . 
Evaluating the total information system may be very difficult 
until it is tried in practice. 

- The development often implies integrating information models from 
different areas of work within the organisation. The process will 
thus be interdisciplinary, and will introduce new 
interdependencies in the organisation. 

- The vast resources put into the process, means that there is a 
hard time pressure to implement the new organisation as soon as it 
is specified. 

The techniques recommended in methods may relate to analysis, to design, 
to the activity of system description. 

The tools are used in applying the techniques. The DELTA language is in 
this context a tool which may be used in the technique of writing system 
descriptions in a semiformalised English. 

In the opinion of the authors, the choice of method may depend upon the 
case at hand and even within a given method a wide range of techniques and 
tools should be used. Typically, no single technique for system 
description is able to captur'e all relevant aspects of a system when both 
a range of functional roles and interest groups are considered. 
(System description in SIMULA is discussed in (Dahl and Nygaard, 1965) and 
in (Nygaard, 1970). System description in DELTA is discussed in 
(HolrrEk-Hanssen, Handlykken and Nygaard, 1975), (Handlykken, 1977) and 
(Handlykken and Nygaard, 1980) ). 

In the development process we are dealing with aspects relating to 

- The system's function and intended purpose. 

- The development process of the system. 

- The system's properties as an information system 

The "ANDY and LIZ" example relates to the first of these aspects. The 
following two examples relate to the second and third, respectively. 

(Bjerg and Nielsen, 1977) has proposed a classification of the various 
techniques and tools for conveying informaton about systems. The 
proposal illustrates the usefulness of variety of approaches to system 
description in the development process: 
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1. Information by system exposure 

1.1. Exposure to similar systems 
1.2. Exposure to partial models 

1.2.1. Static (Pictures, graphs) 
1.2.2. Dynamic (Movies, simulators) 

2. Information by system description 

2.1. Static description (snapshots, dumps, invariants) 
2.2. Dynamic description 

2 . 2.1. Narratives (Traces etc.) 
2.2 . 2. Generating descriptions used by system generators 

(programs, plays, mus~cal scores etc.) 

When user groups become active in the development process, they need 
information about information system properties. (Andersen and Melb¢e, 
1980) has proposed the following classification of properties: 

- Basic system properties: 
Structure (program) to which observation, addition, deletion 

and modification are applicable. 
Substance (objects, entities, records) to which observation, 

addition and deletion are applicable. 
Value to which observation and modification are applicable. 

- Communication properties (between user and system) . 
Input output equipment, screen lay-out etc. 

- System modification properties. 
Availability of user languages, 
convenient regeneration tools etc. 

4 . THE TASKS OF THE SYSTEM SPECIALISTS. 

Typical for departments dealing with system design, implementation and 
maintenance is a division of labour. Some people (usually the largest 
group) are applications specialists, often divided into system analysts 
and application programmers. These people mostly use COBOL or FORTRAN or 
some other language or language-like tool occasionally supplemented by 
sequences written in assembly. (We are not discussing "software houses" 
and computer manufacturers in this context.) 

Other people are system programmers, implying that their responsibility is 
the proper functioning (including updating and adapting) of the basic 
support software as e.g. operating systems, compilers, editors, data base 
management systems, transaction handlers, etc,. etc . These people usually 
have no responsibility for designing, implementing and maintenance of such 
basic software - their task is to receive the software from some supplier 
(usually the mainframe manufacturer) and keep it in good shape. 

The development of new operating systems and languages are generally by 
these people regarded as exotic and (in the case of languages) slightly 
dubious tasks, reserved for the relatively few at academic institutions, 
in 'manufacturers' programming departments or software houses. 

This will have to change . 
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When the new information systems belonging to "the 3rd stage" (see above) 
are introduced this implies important modifications of the organisational 
structure. These modificatons cannot be properly designed and evaluated in 
terms of the modifications of the information system alone. The 
system development process must comprise the totality influenced by the 
proposed change - both people, machines and information processing and 
communication equipment. 

If Data Agreements (Technology Agreements, or equivalent working mutual 
understanding) are in operation, the system specialist now has to 

communicate precisely and cooperate constructively with a 
number of people representing various interests and having the right to 
participate and negotiate in the decisions relating to system design. 

take part usefully in evaluations of a wide range of effects of the 
proposed system alternatives, "system" being understood in the wider 
sense used in this paper. 

on the basis of decisions of the total system, to deduce and implement 
a suitable information system supporting the accepted total system 
proposal. 

If we examine the last point on the list in the context of "stage 3" 
systems mentioned earlier, the two main tasks for which the system 
specialist has a particular responsibility are: 

the organisation of the proper cooperation of a large and varied group 
of information processing and communication equipment, many operating 
in parallel. 
This corresponds to essential parts of implementing an operating 
system. 

the design of the modes of expression available in the involved 
peoples' interaction with the information system - from their pushing 
of buttons, through their use of a limited set of rigidly defined 
transactions to their use of a programming language. If the sum total 
of a particular person's modes of expression in relation to the system 
is called his language, then it is seen that design and implementation 
of languages are essential tasks. 

The "operating system" now becomes an integral part of organisational 
structure,and should (according to e.g. agreements, laws) be designed, or 
at least to a very great extent be modifiable locally. 

The "languages" are essential for the working situation and demands will 
be made to make them increasingly more flexible and powerful. Probably no. 
"universally accepted" programming language will emerge, instead we will 
get "job-oriented" languages, expressing themselves in terms meaningful in 
the local job context. 

An even better approach will be to aim at "profession-" or "craft-" 
oriented languages, related to skills associated with a wider range of 
similar jobs (as proposed by Arne Pape at the NCC). In the future the 
interaction with computer systems will constitute important components of 
the practice of most professions and crafts. The deSign of "profession-" 
and "craft- oriented languages" thus will be essential in designing 
professions and crafts which will be useful over longer periods. 



170 K. NYGAARD, P. HANDLYKKEN 

The request for more powerful languages for the users will not only come 
from those representing their interests . Management may become interested 
in establishing situations in which their employees are able themselves to 
use their skills directly in the writing of programs. 

The programmers also have an interest ,in users languages in order to 
relieve some of the heavy burden of maintenance work (Boehm, 1979). 

Very few applications speCialists or system programmers are trained for 
the three major tasks outlined above. 

Also the tools available for these tasks are not at all sufficiently well 
developed. Improved language tools concepts for organisation of 
information equipment better approaches to the system development process 
are necessary if local system development shall be the main rule in 
organisations . 

(Most of the material in this section is from (Nygaard, 1919) . 

As a final remark we want to point out that human and inter-human 
information processing should be built into new information systems. Today 
it seems to be the aim to remove as much of it as possible. The study of 
the properties and design of human and inter-human data processing must 
become an important part of informatics. 

5. CONCLUSIONS 

The current trend in Software Engineering (and Programming) Environments 
is very promising in many respects. Ingenuity combined with practical 
experience will no doubt result in environments offering much better 
working situations for the development of software. 

However, we need to develop systems in which the computer based components 
only are subsystems, even if important ones. Also the organisational 
setting of the system development process will change. For these reasons 
we feel that the general notion of system development environments is 
going to be a very important and promising area also for future research. 
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