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Abstract 
The efficient production of quality software is a major goal for many organisations and the use of 

systematic methods, automated tools and quality assurance procedures can all assist in reaching this 
goal. Results from various surveys and research investigations relating to the acceptance or otherwise 
ofthese practices are reported. The major reasons for slow adoption of the practices are given and the 
problems which are currently restraining progress are identified, in particular those relating to 
personnel. Proposals are presented concerning the actions which should be taken regarding 
professionalism, education and technology transfer for there to be a significant improvement in the 
achievement of quality. 
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1. INTRODUCTION 

A recurring theme within software development has been the problem of poor quality software. This 
problem has underpinned a 'software crisis' which has lasted since the nineteen sixties and which led 
to the term Software Engineering (SE) being introduced in 1968 [1]. The concept of SE was originally 
intended to provide a provocative theme at the conference, but it has evolved over the last 25 years 
into a technological discipline of considerable importance especially within academic institutions. 
However, in the call for papers for this conference it was recognised that: 

"As the world becomes increasingly dependent on the use of computers, the need for quality software 
which can be produced at reasonable cost increases. Yet the goal of improving software quality and 
productivity remains an elusive one. This is so in almost all application areas including business 
oriented applications. Software development is not yet an engineering practice." 

There are many and various reasons why, outside academic institutions, software development has 
failed to be recognised as an engineering practice and why there has been across industry in general 
and the commercial sector in particular a failure to adopt SE practices. In the following sections of 
this paper I will outline what many of the major reasons are and I will suggest how we should 
approach the future if we are to substantially improve the current situation. Firstly, the results from 
surveys and research investigations, which my research group have undertaken, and which relate to 
the acceptance of these SE developments in the UK commercial sector are presented. These 
investigations have highlighted the reasons for non-adoption of SE practices and the problems which 
are currently restraining progress. Then, the actions are outlined which I believe must be undertaken 
for there to be a significant long term improvement. 
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2. PROBLEMS IN THE ADOPTION OF SOFTWARE ENGINEERING PRACTICES BY THE 
COMMERCIAL SECTOR WITHIN THE UK 

The SE practices which are likely to have the major impact on the quality of software for the 
commercial/administrative sector are those related to the use of: 

- systematic development methods, 
- computer based development support environments, 
- quality assurance (QA). 

Developments in each of these areas are primarily concerned with improvements in the software 
production process and should reduce the overall software wastage costs which have been estimated 
[2] for the UK as being in excess of 2,000 million pounds per year. 

Evidence that SE practices were probably not being used sufficiently in the mid 1980s can be 
obtained from the detailed findings of a report produced in 1988 for the UK Department of Trade and 
Industry by consultants at Price Waterhouse [3] referred to above. However, a more recent picture of 
the state of the sector with regard to the use of systematic methods, CASE tools, QA approaches and 
standards can be obtained from work carried out by members of the Commercial SE group at the 
University of Sunderland. During the last six years members of the group have undertaken in depth 
investigations of practices within UK data processing departments via four major surveys and follow 
up case study interviews [4-9]. Within all these surveys the researchers had included questions assess 
the current state of the industry and assess the actual use of SE practices being investigated. There 
were also been questions to determine organisations' future plans, the constraints which are placed 
upon them and the problems that they encounter with regard to the area being surveyed. It is on these 
latter areas that I will concentrate in the remainder of this section. 

2.1 Current and Future Use 
Our surveys and related work have indicated that there is a continuing, if slow, increase in the use 

of methods, CASE and QA procedures. Certainly the situation would appear to have improved from 
that reported by the consultants from Price Waterhouse [3] but it is often difficult to estimate by how 
much. The continuing development ofSSADM (Structured Systems Analysis and Design Method [10)) 
and its support from Government is leading to a greater acceptance of the value of the use of 
systematic methods. We are also sure that the situation regarding the use of CASE tools has improved 
since our 1990 survey. With regard to QA procedures the situation appears much more positive. Of 
the respondents to our 1991 survey 22% were already 3rd party assessed and almost half of these had 
only been certified within the last year, which was double the amount for the previous year. Positive 
figures for accreditation (24 businesses every three months) has also been reported in the UK 
Department of Trade and Industry's JFIT NEWS [II]. Nevertheless, given the size of the industry it 
is obvious that adoption of QA procedures across the whole of the UK software sector has still some 
way to go. We are sure that pressures from customers will cause a continuing adoption of QA 
procedures by the software industry but for QA to be really successful its adoption should be due to 
an internal desire for improvement rather than external forces. Nevertheless, overall what is very clear 
from our investigations is that there remains a significant proportion of the industry who have not 
adopted formal SE approaches and there is still a large percentage of software systems being 
developed without any QA procedures. 

2.2 Constraints and Problems 
One fundamental constraint on the adoption of SE practices is the lack of clear unbiased information. 

Another is simply human resistance to change. The major problems we have identified for each area 
and the common problems relating to human factors and are detailed in the following subsections:
Methods. The major problems associated with the adoption of cost effective systematic development 
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methods are:-
1. The current wide range of methods and techniques that are available and the lack of experienced 

staff and infonuationlsupport. Plus techniques are often seen as too complicated and methods in many 
cases provide poor coverage of the Iifecycle. 

2. Unwillingness of organisations to accept change and adopt any new "standardised method". In 
many cases this is simply due to the costs, primarily in staff time, that are incurred with any major 
change. In other cases this is due to the fact that organisations have already invested heavily, and in 
some cases very heavily, in methods of their own. 
CASE. The prospective market for CASE tools has been confused by the large variety of different 
products that are available. In an attempt to clarify matters tools have been categorised to more 
accurately describe their functions. Unfortunately. tool vendors and manufacturers have not fully 
agreed on what these tenus mean, so such categorisation has simply added to the confusion, and not 
removed it. The other major problems are: 

1. The current high cost of CASE tools. These costs were given as a major reason for not adopting 
CASE by the. respondents to our The actual cost of CASE (per staff member) appeared to be 
approximately double what non-CASE users were willing to spend. 

2. The high costs in terms of extra hardware and initial staff time in the adoption of CASE. 
3. Lack of management support to invest in and use tools (and related methods). 

Quality Assurance Procedures. Many organisations see no reason to seek accreditation to an external 
standard as they believe their own internal procedures are more effective. Other major reasons for not 
seeking an external standard have been identified as: 

1. Cost of gaining accreditation and the time to implement new procedures. 
2. General confusion over the meaning of quality when applied to software and a lack of koowledge 

of QA approaches and standards. 
Human Problems. In the adoption of methods and tools there can be major problems with staff at 
all levels. People do not like change, especially if it is a possible threat to their livelihood or the way 
in which they have to work. Computing professionals are like everyone else in this respect. Managers 
lack confidence in their ability to understand and control the new technology whilst designers and 
production staff may believe that the methods and tools will destroy the artistic and creative aspects 
of their work. It is true that adoption ofthe new technologies has a large impact on working practices 
and that many members of staff have been unable (or are unwilling) to alter their working practices. 
We believe this "Luddite approach" has greatly contributed to the problems of implementing SE 
practices in the commerciaUadministrative sector. 

Another human problem which we have identified during our work is that there is a deep seated 
antipathy to the use of standards throughout the industry. Most organisations and individuals formally 
recognise the value of standards and agree that they are needed. However, when it comes to the actual 
use of and adherence to standards the situation is in many cases very different [12]. This factor more 
than any other acts against any rapid increase in the acceptance of QA procedures since these more 
than any other SE practice depend on standards being adhered to. 

3. THE WAY AHEAD 

From our surveys and related investigations it has emerged that many of the reasons for the slow 
adoption ofthe approaches that should lead to the development of better quality software are related 
not to technology but to people. In fact I believe that to a great extent over the last 25 years we have 
concentrated too much on technological aspects and have failed to develop the human aspects that 
should be associated with any engineering discipline. The areas which I believe we now need to 
concentrate on, if we are to achieve quality in the future, are: professionalism, SE education within 
academic institutions, and technology transfer. 
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3.1 Professionalism 
It is absolutely essential that people at ALL levels, both within and outside the software industry, 

recognise that the production of quality software is as much an engineering discipline as any of the 
other tmditional disciplines such as: mechanical engineering, electronic engineering, and civil 
engineering. It is vital that a high proportion of staff involved in software related projects are 
professionally qualified and that they place high regard on their professionalism with regard to ethics, 
responsibility and the attainment of quality. Tmditionally when we attempt to measure quality during 
a software project we concentIate on metrics associated with the product (ie the code) and on the 
mechanics of how the product was developed. Little attention appears to be given to the quality of the 
staff involved in the process. This is despite the obvious fact that high quality staff are likely to 
produce a high quality product while poor quality staff are not. It would therefore seem that a simple 
project metric, such as the mtio of the number of professionally qualified staff involved on a project 
to the total number of staff, [13] is as likely to give a measure of the quality of the final product as 
estab lished metrics such as that 0 f Halstead [14]. 

3.2 SE Education within Academic Institutions 
Academic institutions have been producing giaduates and diplomates in computing-based disciplines 

in greater and greater number since the late 1970s. However, it would appear that despite all this new 
blood the "mind set" of the software industry appears not to be as positive towards SE pmctices and 
the production of quality products as it should be. Therefore, I must mise the question as to whether 
or not the students completing these courses are really equipped with the knowledge, skills and 
abilities which will enable them to immediately operate efficiently and effectively in the industry. Do 
their courses provide them with the necessary professionalism that should be expected? How do they 
compare in these areas with gmduates in the more tmditional engineering disciplines? 

To achieve real improvement in the future, educational institutions need to take a much more 
pro-active role in promoting SE practices and professionalism. Also, this should not only be in named 
SE courses but in all computing courses from those closely related to business to those related to the 
more technological aspects of computing. It is also not sufficient to take a tmditional computing topic 
such as algorithms and simply retitle it Software Engineering. There needs to be a change to an 
underlying approach which places a very high emphasis on aspects such as quality, professionalism, 
ethics and responsibility. It is important that these aspects need to be introduced at the start of any 
computing course and used throughout it. It is also important that emphasis is placed within these 
courses on interpersonal communications as SE pmctices have as much, ifnot more, to do with people 
than with machines. This aspect has been identified by the British Computer Society in its 1990 report 
on the Future ofInformation Technology [15] as the single most important skill required for effective 
participation in the IT society of the 1990s. As they stated "there is no computer substitute for clear 
thinking and accumte expression". 

3.3 Technology Transfer 
The achievement of quality in software can only be realised if the appropriate SE practices are 

implemented and used correctly. However, if the staff who are already in the industry are ill informed 
or fail to recognise the benefits of SE then any adoption is unlikely to be totally successful. It also 
must be recognised that, no matter how advanced the technology becomes, without good organisational 
attitudes it can do little to help surmount the many difficulties that currently face systems development 
staff. Also, for the correct practices to be adopted there is a clear need for accumte and meaningful 
information regarding their use. For new developments to be accepted within 
commerciaUadministrative organisations, there needs to be much better means of efficient and effective 
technology transfer. 

For particular SE pIactices to be accepted and used there must be a much better understanding of 
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them, their use and the actual benefits which they can bring. I must emphasise again that the 
underlying cause for several of the problems identified in the previous section is simply fear of the 
unknown coupled with a lack of unbiased, easily accessed information. To overcome such problems 
we need to create enabling mechanisms which will facilitate technology transfer and mutual 
understanding. In the UK the Institute of Electrical Engineers has already identified a number of such 
mechanisms [16] which it now intends to progress. However, it is not sufficient to simply produce the 
technology transfer material. It is imperative that there also is a will within the industry to receive such 
material with an open mind, appraise it in an impartial manner and where new practices are found to 
be appropriate, to adopt them willingly and with enthusiasm. 
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