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Abstract

This paper compares actual (A-type) sofiware processes at work in flight simulation, one
example of a software-intensive complex product system, with ideal, rational (B-type)
processes as contained in company manuals, tools and procedures. The aim is to identify the
causes and consequences of divergencies between A- and B-type processes in a complex
product and draw implications for theory and practice. The paper also develops a simple
partial model to show what A-type processes actually 'looks like' in practice. The evidence
indicates that in response to industrial turbulence, uncertainty, technical complexity and
difficulties in capturing user requirements, software engineers and project managers fall back
heavily on A-type informal systems and 'soft' management become essential to project
progress. Under such circumstances, B-type rational systems are inadequate to the task at
hand and soft factors such as good will, negotiation skills, rule breaking and informal
communications become essential to project success. These findings contrast with most
approaches to software engineering which try to impose highly rational processes and tend to
ignore soft issues. The paper also indicates potential benefits of the rational approach,
sometimes overlooked by contemporary organisational scholars, arguing that it is the manner
in which B-type processes are developed and implemented which leads to divergencies and
difficulties, rather than the processes themselves which are an essential part of orderly
progress. While the findings may not be relevant to simpler products and simpler tasks, other
complex product systems may well face similar divergencies and project management

challenges.



INTRODUCTION

This aim of this paper is to analyse the software processes involved in designing and producing
a flight simulator, an example of a software-intensive 'complex product system' (CoPS).! The
focus is on the difference between how software development is actually undertaken,
compared with views, models and recommendations on how the process should proceed. The
paper introduces a simple method of identifying actual (A-type) vs should be, rational (B-type)
practices in order to identify the nature of the differences between A and B, examine their
causes and consequences and draw implications for theory and management practice.?

The research motivation is both to improve understanding and contribute to the practice of
software development in CoPS. As Section 1.1 shows, the software challenge in CoPS is
particularly daunting because of design and production complexity, the difficulties in
integrating large numbers of sub-systems, and the wide varieties of knowledge and skills
involved in design and production. Because of the lack of certainty on how to proceed from
stage to stage and the frequency of unexpected events, the gap between A and B is often high,
leading to major problems or 'hot spots' in design, manufacture, delivery and cost control in
CoPS.

The literature review (Sections 1.1 and 1.2) shows that, despite the recognition of divergence
between A- and B-type practices in the software and organisational behaviour research fields,
very little attention is given to the causes and consequences of such divergencies. The
overwhelmingly dominant approach in software is to try and impose rational B-type practices,
regardless of the informal realities which lie behind the formal procedures and systems.
Indeed, the denial of A-type practices is sometimes seen as a virtue in software research and
engineering practice (Parnas and Clements, 1986).

The research approach (Section 1.4) is to examine in detail one particular project (‘Triumph')
in one major supplier (‘Dynamics'), as an illustrative CoPS case example.® The research
method, developed with Dynamics as a standard tool for process analysis/process
improvement, involves: (a) collection of data on rational, B-type practices as enshrined in
toolkits, manuals, formal procedures and the views of senior managers; (b) identification of
real, A-type practices from in-depth interviews with software practitioners and project
managers; (c) comparing A- and B-type practices for divergencies first in interviews and then
in practitioner workshops; and (d) workshops to verify the causes and consequences of
problems and to explore solutions to them. From a methodological perspective, the paper

1 Defined below (Section 1.1). The study follows on from research on innovation in the flight simulation
industry over several years. See Miller et al. (1995) for an analysis of flight simulation industrial structure and
the role of regulators, users and specialist suppliers in the innovation process.

2 In the organisation, management and software fields various terms are associated with B-type processes
including rational, formal, should be, normative, scientific, canonical. espoused. official and mandated.
Conversely, A-type practices are associated with terms such as soft. informal, real, actual and non-canonical.
Although these terms differ somewhat in origin and orientation, for purposes of simplification the terms A-
and B-type are used throughout the paper (Sections 1.2 and 1.3).

3 The name of the company and the project have been changed for confidentiality reasons.  Section 1.4
explains the choice of this particular project.




attempts to exploit the existence of the gap between A-and B-type practices, first as a means
of intra-project benchmarking and second as a mechanism of feeding back data in real-time for-
the purposes of improvement.

Analytically the paper hopes to contribute to the software and organisational development
fields by asking: (1) what, if any, are the divergencies between A- and B-type practices in a
CoPS?; (2) do the gaps matter and, if so, why?; (3) what are the causes of the differences?;
(4) how can problems caused by gaps be overcome (i.e. how can the gap be narrowed in
practice)?; and (5) what do real, A-type practices actually 'look like' in a CoPS? The paper
also hopes to bring together insights from the, normally separate, software and organisational
development fields in order to assess the disadvantages and merits of the dominant, rational
approach to software development.

As in any study of this kind it is important to draw lessons and generalisations very carefully as
all projects differ to some extent, as do the environments in which they are undertaken
(Section 5.2). Another limitation is the nature of the data. Although verified by practitioners
in structured workshops, much of the data is attitudinal and qualitative. However, the purpose
is not to provide an entirely rich case narrative (Orr, 1987; 1990) but to develop a broad
understanding of major problems and possible solutions to them, for the purposes of
improvement.

PART 1: ANALYTICAL PERSPECTIVES AND METHOD

This section explains the purpose of studying CoPS and points to the increasing importance of
software in CoPS projects (Section 1.1). It then presents relevant organisational behaviour
and management perspectives, focusing on the distinction between A- and B-type practices
(1.2). Analysis of the software literature (1.3) shows the dominance of the rational B-type
approach, while the method section (1.4) shows how the A vs B gap can be exploited for
analysis and improvement purposes.

1.1 CoPS and software

CoPS can be defined as high cost, products, systems, networks and constructs which embody
large numbers of tailored components and various knowledge and skill inputs. Examples
include flight simulators, telecommunications exchanges, business information networks, high
speed train engines, air traffic control systems, avionics systems, intelligent buildings, baggage
handling systems, oil drilling equipment, integrated mail processing systems, printing
machinery, hospital information systems and many other high value business-to-business
capital goods.

Although there are many different categories of CoPS, they have certain features in common
when compared with simpler, lower cost, mass produced goods (Hobday, 1998). Because
CoPS embody many tailored components and sub-systems, product architectures tend to be
very elaborate and the mastery of complex sub-system interfaces is often crucial to design and
development, as is the integration of a wide variety of knowledge and skills. As a result, unit
production is long in duration (sometimes several years) and usually carried out in projects or
small batches. CoPS are normally tailor-made for particular customers and tend to be design-
rather than manufacturing-intensive.



As industrial artifacts, the composition of CoPS often confers extreme work task complexity, -
uncertainty and difficulty. Production stages are often lengthy, messy and ill-defined leading
to 'trouble shooting' as a key engineering skill. As a result, CoPS lend themselves to project-
based, or matrix organisational forms (Woodward, 1958) or organic rather than mechanistic
organisation, to use the words of Burns and Stalker (1961). Furthermore, because CoPS are
critical to the performance of businesses, users and buyers (e.g. major airlines) often involve
themselves directly in innovation and production processes. Production tends to involve a
heavy emphasis on systems integration and project management, rather than the divisible,
repeatable and measurable tasks more common in mass produced, simpler goods.

Over the past two decades or so, the diffusion of embedded software has improved the
control, flexibility and performance of many CoPS, while mastery of software development,
systems engineering and integration has become central to the ways in which CoPS are
produced. For example, in flight simulation the concurrent design and production of major
system components is usually carried out in software using predicted data and complex
models.

The tasks of understanding, managing and improving software processes pose particular
difficulties in CoPS. There is abundant evidence that software is a major stumbling block to
the execution of many CoP$ projects, leading to delays, cancellations and cost overruns (see
Section 1.3 below). Software has accentuated the human, craft-based elements of CoPS
design and manufacture, making the control of costs and time ever more difficult.

As discussed below, efforts to impose strict, rational B-type processes in CoPS are common.
As a result there are often major differences between B-type formal procedures and A-type
actual practices, as designers and engineers respond to unexpected technical difficulties,
unpredictable system properties and emerging new customer requirements. Reconciling the
gap between A- and B-type practices is a major challenge for CoPS producers and for
organisational theory.

1.2 Organisational and management perspectives

If we turn to the contemporary field of organisational behaviour (OB), as Seely Brown and
Daguid (1991) point out, very little attention is given to the implications of the A vs B gap
(which they term non-canonical and canonical, respectively) for work, learning and innovation.
Building on the work of Orr (1987, 1990) they show that the A vs B gap challenges
conventional OB thinking and deepens the practical problem of improving organisational
effectiveness. Indeed, Orr's evidence shows that attempts to impose B-type practices forces
practitioners to mask their real activities, driving real work practices (as well as learning and
innovation) underground, leading to an ever widening gap between B-type formal company
policies, values and procedures and real A-type behaviours. As a result, sometimes B-type job
descriptions, manuals, organisational charts, training programmes, tools, methods and
espoused values of management become ridiculed by intelligent shop floor practitioners as
bureaucratic, unhelpful and detached from reality.

Although the above authors tend not to distinguish between different classes of product and
task, their findings are based on problem-solving in photocopier maintenance, a moderately
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