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Abstract 

 
This paper describes my1 planned research into long-term benefits of software 
process improvement (SPI2) with respect to training and/or consulting improvement 
programmes on which I worked in 1994-1999. About 80 Irish companies participated. 
Included in this paper is a literature search covering current work in the field of SPI 
and some findings about training and making change happen. 
 
The introduction begins with my background and the background to the research, 
identifying the major topics to be investigated. This research is to gather some follow-
on information on a number of issues: 
 
1) Do the companies who participated in these programmes show a ‘culture of 

improvement’, as possibly the long-term benefits from SPI training?  
2) Was there a difference in long-term success rate for organisations that followed 

one particular standard/model or none at all?  
3) Was there a difference in long-term results that can be traced to format of the 

programme—training only, consulting only or both? 
 
Questions 2 and 3 are subsidiaries of Question 1. They may be impossible to answer 
because it may be impossible to link improvements to a specific programme in the 
E.C.-sponsored projects. The process of finding out if a culture of improvement exists 
is by querying activities in the past, the current software environment and plans for 
the future. If these all exist and show a continuing pattern of improvement, then the 
case can be made that a ‘culture of improvement’ exists and the original training or 
consulting programmes accomplished their goals, even if there are no direct links to 
any one such programme. 
 
The result of the literature search process is then described, including: 
 

 Software problems 
 Standards and methodologies 
 Alternatives 
 What software process improvement offers 
 Success and failure in software process improvement 
 Implementing software process improvement 

 
Next is a description of the research methodology, planned schedule and the 
information to be gained. Hypotheses and assumptions are discussed. Later sections 
will be filled with data from the research.  
 
Annexes include letter to be sent to companies, questionnaire to be used in gathering 
qualitative information, model being used for research and the model which will be 
used for data analysis.  
 
 

                                                 
1 Because is seems clumsy to keep saying and reading ‘the author’, and since so much of what is referenced in this document is 
my own previous work, sentences are written in first person where appropriate. 
2 For the explanation of most acronyms please refer to Annex A. 
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Chapter 1 Introduction 
 
1.1 Research background 
 
My3 first software programming course was in 1961 and I have been involved with 
software in many capacities ever since. These include: specialised4 training in how to 
apply established models and standards for improved software management, 25 years 
in management, training and consulting, and working as a system designer and 
software practitioner for over 15 years. I am a TickIT-trained auditor of ISO 9001 
(TickIT, 1992, ISO 9001, 1994), have been trained in and have performed CMM 
(Paulk et al., 1993) assessments, and am one of the early developers of SPICE5 (ISO 
TR 15504, 1998). After a short semi-retirement when I have been teaching the British 
Computer Systems’ Information Systems Examination Board (ISEB) Software 
Testing foundation course on an as requested basis, I am now in the process of 
working on a PhD. 
 
I moved to Ireland in 1994. Since I have been in Ireland, I have worked on several 
European Commission (E.C.)-sponsored programmes to transfer knowledge on how 
best to implement software process improvement (SPI). Each had its own formula, 
some using a specific standard or model. I had a hand in developing, delivering or 
both six programmes that reached dozens of companies in many European countries. 
Illustration 1 shows the programmes I intend to address: 
 
Programme Format Duration 
ESPITI (European Software Process 
Improvement Training Initiative), 
including: 
ISCP (ISO 90006 for Small Companies 
Programme) 

Training only in 17 Western European countries plus: 
 
Training and tutor for each company from initial 
evaluation to final audit. Started with two clusters of 
10 organisations as E.C.-funded project. 

1994-1996 
 
 
1995-1996 

TRI-SPIN (TRans Ireland – Software 
Process Improvement Network) 

Direct funding of 10 SPI projects and provision of 
mentor for up to 10 days for 15 firms  

1995-1996 

PIEs (Process Improvement Experiments) Mentoring for specific SPI initiative with funding 
granted directly by the E.C. to the company; 10 PIEs in 
Ireland 

1996-1999 
for PIEs in 
Ireland 

SCATE, based on Capability Maturity 
Model (CMM)  

Monthly training for 9 months plus on-line mentoring 
through phone or e-mail; taught by 3 companies to 52 
organisations in 11 groups in 9 countries in 3 
languages. Champion plus one other came to all 
meetings. Champion’s manager also came to meetings 
1, 5 or 6 and 9. 

1997-1998 

SPIRE (Software Process Improvement in 
Regions of Europe), uses SPICEas model 

Mini-PIEs with a consultant to help analyse areas for 
improvement using a SPICE-compliant  assessment 
tool and regular visits to guide and monitor 
improvement. Deployed in 4 countries for ~60 
organisations  

1997-1999 

 
Illustration 1-1    Overview of SPI programmes 
 

                                                 
3 Because is seems clumsy to keep saying and reading ‘the author’, and since so much of what is referenced in this document is 
my own previous work, sentences are written in first person where appropriate. 
4 Referenced documents are written in both ‘English English’ and ‘American English’. For the benefit of the reader, I have 
translated words and punctuation to ‘English English’, ise instead of ize, our instead of or, etc. 
5 Since ISO 15504 was a technical report when we were using it, not a standard yet, and since it was commonly known as SPICE 
while we were using it, I will refer to it as SPICE from now on in this document. 
6 ISO 9000 is a family of standards; ISO 9001 is the one used for auditing against for software. The terms ISO 9000 and ISO 
9001 are used interchangeably  because different documents refer to them under the different titles.  
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1.2.  Description of each SPI programme 
 
There is a mix of delivery:  training only, training plus expert help in varying amounts 
and only expert help for focused SPI projects. There was also a mix of standards, or 
no standard but good practices, followed in the programmes as Illustration 1-2 shows. 
 
Format Standard/model Programme 
Training only No standard ESPITI (mostly) 
Training and tutor ISO 9000 ISCP 
Training and on-line support CMM SCATE 
Mentor only No standard TRI-SPIN 
Mentor only No standard PIEs 
Mentor and tool SPICE SPIRE 
 
Illustration 1-2    Format and standard/model for training and expert support 
 
ESPITI training courses were designed independently by different people for a 
programme that was intended to spread quality management and SPI approaches 
among many organisations of different sizes across Western Europe. Different 
organisations came to different public courses that had no continuity or relationship to 
one another. In Ireland, training was given in: TickIT auditors, gathering user 
requirements, software project management, software risk management, CMM with 
Marilyn Bush, software internal auditing-TickIT style, software subcontract 
management, software configuration management, software project management, 
software testing, inspection with Tom Gilb, PSP Train the Trainers—week 1, software 
validation and the FDA, PSP Train the Trainers—week 2, software quality assurance 
(Sanders, 1996). Other awareness raising events and workshops were held throughout 
the project, some pan-European and some within Ireland. 
 
Because it seemed that small and medium-sized companies were not adopting SPI for 
various reasons, programmes such as ISCP (under the ESPITI umbrella) and SCATE 
were developed. Each of these followed an established model for 
quality/improvement. Both used cluster training of two people from each of up to 8-
10 organisations who came to regular classes for learning the model. ISCP 
participants had a tutor who made regular visits to review the client’s progress both in 
developing an ISO 9001-compliant Quality Manual and Procedures, and 
implementing these processes and procedures in their software environment. The last 
step for each participant was a mock audit by the tutor of the client’s Quality Manual 
and associated documentation, and the actual implementation of the processes thus 
defined.  
 
SCATE had the same CMM training for all companies, but encouraged each company 
to have a small improvement project running simultaneously with the training so that 
what was learned in the classroom could be applied in the business immediately. 
SCATE training included not only CMM and other technical information, but training 
in cultural and social issues, such as: how to build effective teams, how to sell SPI to 
others, how to motivate yourself and others, etc. (Sanders, 1997). It was the only one 
of the six SPI programmes to address these issues in depth. Since few companies took 
advantage of the on-line support offered, SCATE will be treated as training only for 
the purpose of this research. 
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TRI-SPIN organisations were selected on an individual basis, with every 
improvement project and mentoring event unique, again for organisations of varying 
size and composition. There was no attempt to co-ordinate activities among 
organisations or mentors or direct anyone into using a particular model for 
improvement. 
 
PIEs were managed directly through the E.C., although the CSE did have the SPI 
Forum for dissemination of information in various improvement projects, including 
PIEs. Later the E.C. wanted local management of any new initiatives. In order to 
stimulate, support and co-ordinate PIEs by means of experience exchange, 
dissemination and co-operative activities, the European Commission established a 
network of competent partners, the so-called ESSI PIE Nodes (ESPINODEs). 
Eighteen ESPINODEs distributed throughout Europe and Israel started their work in 
the spring of 1998, for a period of 24 months. (ESPINODE Executive Summary) 
These ultimately were followed by SPIRE, which provided a mentor to work with 
each participant in a mini-PIE, very focused and of smaller duration than some of the 
earlier PIE contracts. 
 
One new twist to SPIRE was the use of SPICE-compliant assessment instruments to: 
 

 assist company management to focus their improvement project: 
 to capture standardised data about the company’s process status before 

improvement, for later comparison with similar data after improvement (Sanders, 
1998). 

 
We used these instruments at the beginning and the end of the projects to check how 
much improvement had actually been made. As with any assessment, objectivity can 
be difficult to maintain even when you are using a software programme that has no 
built-in bias. If there are questions to be asked that are unique to each type of 
improvement programme, one of the questions to ask SPIRE participants might be the 
validity of those assessment results today.  
 
Another SPIRE innovation was the use of staff attitude surveys because the attitudes 
of staff at all levels within an organisation can significantly affect the success or 
otherwise of any improvement initiatives. (Sanders, 1998) Eleven questions were 
asked, including these in Illustration 1-3 (Sanders, 1998): 
 
What are your views on the following 
issues? 

Strongly 
agree 

Agree Disagree Strongly 
disagree 

SPI is essential for the future success of 
the organisation. 

    

By applying SPI my organisation can 
significantly improve the quality of 
software supplied to customers. 

    

SPI is not cost-effective in my 
organisation’s circumstances. 

    

Senior management in my organisation 
support SPI activities by arranging 
sufficient resources for training. 

    

 
Illustration 1-3 Some SPIRE staff attitude survey questions  
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This is a brief description of the types of SPI efforts in training and mentoring that I 
participated in from 1994-1999. We now address what we think happened in the many 
companies that participated. 
 
1.3.  Described short-term benefits from these programmes 
 
In most of these programmes final reports of some sort were made to the E.C. Some 
companies wrote case studies. In reading these final reports we have to understand 
that the writers are likely to have a bias towards success and the reports might be 
somewhat misleading for a lot of reasons:  
 

 The one who wanted to do the improvement, or someone reporting to that person, 
is unlikely to say it was all a time-wasting mistake and a failure. This is probably 
the same person writing the report or case study.  

 Also, improvement initiatives tend to occur simultaneously since companies can’t 
afford to wait and see if one works. Many of the ISO 9000 customers were already 
following their own industry standards or some other improvement processes. 
Many of the CMM customers for SCATE were already ISO 9000 certified and 
looking for more. Therefore, it can be difficult to attribute improved bottom line 
or productivity figures to only one cause.  

 In addition, as Sheard and Miller (2000) point out, data such as productivity, cost 
to produce systems, process improvement costs and related data are not only 
highly confidential, the meaning of the data varies from company to company. 
Everybody wants to read reports on industry trends or programme results but 
nobody really wants to contribute the hard data.  

 And finally, the correct data can be very hard to gather unless your company is 
used to keeping that kind of statistics. I worked with some companies on their 
project final reports and even accounting for the time spent on the SPI project 
alone wasn’t easy. 

 
With all of those constraints in mind, here is a sampling of improvements reported by 
some people who participated in the programmes, the project managers of the E.C. 
programmes and others. 
 
ESPITI 
In the standard training courses of ESPITI, it would be hard to know exactly what 
happened in each company that took a one-day course. There was a user survey 
reported by the CSE which presented some data on what the users thought (Scannell, 
1996). This includes participants in ISCP who may have more or less positive views 
because they had more training. Of those who answered:  
 
93% said, “I personally benefited from the events I attended.” 
74% said, “I have already applied what I learned in my job.” 
81% said, “I expect to apply what I learned in the future.” 
95% said, “The events were well worth attending.” 
 
ISCP 
It was important that some simple metrics be used to help manage and tune the 
programme and to show evidence of real improvement (Corbett, 1995).  Stability of 
cluster was the first measure:  all but one company completed the programme. The 
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company that dropped out did so firstly because of internal resource constraints, and 
secondly because of a lack of shared commitment by the management team. The 
second measure was attendance at group sessions:  while attendance initially was 
high, nearing the middle of the programme there was a noticeable fall in numbers. 
When participants were questioned regarding falling numbers it was found to be due 
to pressure of work and lack of resources in a small company environment. 

 
Following each session/workshop all participants completed a feedback form. Each of 
the sessions was graded on a scale of 0 to 5. A constant high score was obtained for 
both the sessions and for the course material. 
 
At the completion of the cluster each participant was interviewed to obtaining 
feedback to improve the cluster. All except one company stated they were planning to 
go for ISO certification by the end of the year. Of the companies audited, no major 
problems were found with items that they had in place. However the newness of the 
quality management system meant that that the employees of the companies audited 
may not have been fully aware of all the procedures. 
 
From interviewing participants of the cluster it was found that the greatest benefit was 
the rise in quality awareness in the company. Companies also found it useful that the 
programme gave them the opportunity to query why their organisation operated in 
such a manner. Companies also found that having documented procedures allowed 
processes to be carried out in a consistent manner.  
 
When participants were questioned regarding what improvements they have found 
since joining the cluster the majority of respondents found that the small companies 
programme improved the work-force performance. They also found that the 
programme contributed to the level of communication and increased staff morale. The 
companies claimed that the introduction of a QMS has made them more efficient. 
 
The cluster of companies working together and pursuing a common goal has been a 
great success. When queried all companies said that they derived great benefit from 
this.  All companies stated that they would recommend both the cluster approach and 
the small companies programme to a peer company. 
 
These are comments from the report for the first cluster. It does not designate which 
company made which answers. A similar report for the second cluster is not available. 
The ISCP materials were licensed to companies in three other countries. 
 
TRI-SPIN 
After 20 months the TRI-SPIN project drew to its conclusion with the majority of its 
objectives achieved or surpassed. The project as it was originally envisaged was an 
amalgam of approaches to both encourage the use of Software Process Improvement 
(SPI) within the software industry in Northern Ireland and the Republic of Ireland and 
to disseminate information on the results of good SPI experience. (Morrison, 1996) 
The report goes on to note that there is no way to know if the interest in SPI raised by 
those participating in TRI-SPIN initiatives will ‘stick’ but it has been broadcast to 
sufficient people to suggest it will. Several of the TRI-SPIN companies wrote case 
studies describing their experiences.  
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Process Improvement Experiments and other experiments in Ireland 
The E.C. web site (www.cordis.lu/esprit) has final reports for 10 experiments 
undertaken by Irish companies, mostly in the Republic.  Some of the perceived short-
term results/benefits are listed on the web site for each one. These projects were much 
larger in scope than improvement projects listed elsewhere, with much longer final 
reports, including more results and benefits. The subjects covered were so varied, and 
in some cases so extensive, that nearly any benefit from SPI that you can imagine 
must be documented in somebody’s report. 
 
SCATE 
Although we have pages of comments by Champions and their managers on 
improvements, there are only a few that point to Ireland alone. Most comments are a 
composite for the ‘Northern thread’—my classes—in Sweden, Finland, the 
Netherlands and Ireland. We used a one-page self-assessment that I developed to get 
people to think about what was important in their organisations. ‘Three’ was the 
highest value for each of sixteen questions. The self-assessment was done three times, 
once at the beginning by the manager and Champion together, once in the middle, and 
once at the end. All were supposedly done by manager and Champion together but the 
first is the only one I can guarantee was done by both because they did it at meeting 1 
under my eyes. The other two were taken away between sessions and discussed when 
they returned.  Irish conglomerate scores in the three assessments were 1.5->1.56-
>1.75 (Small Company Action Training and Enabling, Report on Results of SCATE 
Threads-French-English-Greek, 1998). 
 
SPIRE 
This was the last of the projects I worked on and had the best known products. 
Companies wrote case studies, the SPIRE Handbook was produced and all were 
widely distributed both electronically and in hardcopy in English, French, Italian, 
German and Swedish. The different benefits cited by participants are too numerous to 
mention here but they cover a wide range in all major areas for improvement (SPIRE 
Case Studies, September-December 1998). 
 
1.4.  Proposed research to seek out long-term benefits 
 
Much has been written about key factors for success in SPI, short-term benefits from 
SPI and some long-term benefits from large companies who have used the CMM. The 
literature search has revealed nothing about long-term benefits in smaller companies, 
nor do I know of any research relating SPI to programmes as long ago as the ones I 
am researching.  
 
My research will use a subset of the companies who took part in the SPI programmes 
and seek answers to the following: 
 
1) Do the companies in these programmes have a culture of improvement, which can 

arguably be traced to the SPI programmes we did with them? 
2) Was there a difference in long-term success rate for organisations that followed 

one particular standard/model or none at all? 
3) Was there a difference in long-term results that can be traced to format of the 

programme—training only, consulting only or both? 
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The process has three main steps: 
 
1. Do a pilot study with 2-3 companies to validate the whole process from opening 

letter through data analysis. 
2. Gather qualitative information through interviewing. 
3. Where a culture of improvement appears to exist,  get the quantitative information 

about levels of specific improvements through assessment using a PC-based tool.  
 
Annex A is the letter to be sent to the companies to explain the process and ask for 
their help in carrying out this research. 
 
Annex B is the interview script/questionnaire I plan to use to find out qualitative 
information about the current status of improvement initiatives taken in each 
organisation. Fink (1995a) recommends re-using questions where it makes sense and 
will give you the information needed. The rationale for doing this is that the questions 
have already been validated as unambiguous and providing useful data. I have 
therefore used questions from previous questionnaires where it provided useful data. 
 
Annex C describes the model to do the quantitative assessment of capabilities. 
 
Annex D shows the format of the SPSS statistical model for data analysis. 
 
Questions about differences in models used and training formats will be secondary to 
the main objective of finding out what long-term benefits accrued. Any statistical 
significance should become clear as a result of the data gathering and analysis to find 
out benefits. If there is any difference, that will help define the questions to be asked 
in areas for future research. 
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Chapter 2 Literature review 
 
2.1 Software problems 
 
Why does any organisation become involved in process improvement in the first 
place? Sheard and Miller (2000) group the reasons in the following categories: 
 
External reasons Competitors are doing it, customer complaints, request for proposal 

demands it 
Resource problems Have to become more efficient—not enough staff, problems getting larger 

with fewer people to handle them, relationship between software and 
other parts of operation 

Disconnects One part of the software organisation doesn’t know what the other is 
doing, no standard way to do correct estimating for a project plan, no 
systematic way to eliminate errors and confusion within the group 

Vicious cycles Incentive to continue is stronger than motivation for change 
 
Illustration 2-1 Some reasons for SPI 
 
The reasons listed above might be called ‘non-panic’ reasons. Illustration 2-2 gives 
some types of ‘panic’ examples why SPI might be adopted or at the very least 
evaluated. These were all visible, public massive failures in IT systems. Without 
talking about all the details about why the problems developed, Charette (2005) lists 
the following reasons why software projects fail: 
 

 Unrealistic or unarticulated project goals 
 Inaccurate estimates of needed resources 
 Badly defined system requirements 
 Poor reporting of the project’s status 
 Unmanaged risks 
 Poor communication among customers, developers and users 
 Use of immature technology 
 Inability to handle the project’s complexity 
 Sloppy development practices 
 Poor project management 
 Stakeholder politics 
 Commercial pressures 

 
He phrases it, “In the simplest terms, an IT project usually fails when the rework 
exceeds the value-added work that’s been budgeted for.” He goes on to describe some 
other problems: 
 

 Chief among the business factors are competition and the need to cut costs. 
 Political exigencies can wreck havoc with political leaders holding the project to 

one unrealistic schedule after another. 
 A lack of upper-management support runs the gamut from failing to allocate 

enough money and manpower to not clearly establishing the IT project’s 
relationship to the organisation’s business. 

 IT project managers eager to get funded resort to a form of liar’s poker, over-
promising what their project will do, how much it will cost and when it will be 
completed. 
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 Many, if not most, software projects start off with budgets that are too small. 
 Sometimes managers chase technology instead of concentrating on a system that 

will meet their requirements. 
 Large projects often fail due to the complexity in both static elements (the discrete 

pieces of software, hardware, etc.) and dynamic elements (the couplings and 
interactions among hardware, software and users; connections to other systems, 
etc.) 

 
Glass (2005) questions whether our failure rates are as bad as they are sometimes 
touted as being. He claims that many research papers trumpeting about software 
failures really are citing only one source:  the Standish Chaos Report of 1994 which 
cited that only 16% of software projects were successful. Glass questions this based 
on his own experience and that of colleagues doing other research on the subject. 
Regardless of general success rates of the industry as a whole, we can indeed point to 
some pretty spectacular failures. 
 
Charette, in referring to these projects, goes on to say that bad decisions by project 
managers are probably the single greatest cause of software failures today. Poor 
technical management can lead to technical errors that can generally be isolated and 
fixed. But a bad project manager decision such as hiring too few programmers can 
wreck havoc. He notes that there’s a theme running through software problems:  
failure to confront reality. 
 
Closer to home, we have a few reasons why some changes to software management in 
Ireland might be considered. From recent issues of the Irish Times (2005): 
 

 “Garda computer summonses thrown out” (Labanyi, 2005) 
 “Prison Service computer system costing €500,000 was abandoned (Coulter, 

2005) 
 “Millions overpaid to health staff under new pay system” (Donnellan and Reid, 

2005) 
 “HSE to suspend second computer project” (Reid, 2005) 

 
Of course a few articles in the newspaper don’t tell us what is actually happening, but 
at the very minimum, review of these Irish software projects might lead to more 
disciplined management of software development. 
 
Cook (2004) lists some problems seen in various organisations: 
 

 Requirements are incomplete and changing 
 Schedules are developed without rules or understanding of the minimum time 

needed to do the job 
 People are afraid to ask for help 
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Illustration 2-2 Software Hall of Shame (Charette, 2005) 
 
Mitev (2000) wrote a fascinating article about the relationships between technology, the 
organisational level, the micro level (individuals and groups) and the macro level (culture, 
politics, economics, market). The French railroad, SNCF, tried to use an airlines reservation 
system from American airlines and suffered the consequences in many areas.  She quotes 
articles describing technical malfunctions, political pressure, poor management, unions, user 
resistance, inadequate staff training, inappropriate user interface, customer displeasure, 
inadequate database information, poor public relations, poor scheduling and ticket production.  
 
There were several reported findings between technology and market, organisation and 
economics, and other pairings, but one major finding was that in transferring a technical 
solution from one context to another, the difficulties were drastically underestimated. As she 
said, technical solutions are not neutral, they carry with them assumptions about the context, 
and they interact with contexts. 

Year Company Outcome Costs in U.S. $M
2005 Hudson Bay Co [Canada] Problems with inventory system* 33.3

2004-2005 UK Inland Revenue Software errors contribute to tax-credit overpayment* 3450
2004 Avis Europe PLC [UK] Enterprise resource planning (ERP) system canceled after money spent** 54.5
2004 Ford Motor Co. Purchasing system abandoned after deployment and payment (approximate 

amount)
400

2004 J Sainsbury PLC [UK] Supply-chain management system abandoned after deployment 527
2004 Hewlett-Packard Co. Problems with ERP system contribute to loss 160

2003-2004 AT&T Wireless Customer relations management (CRM) upgrade problems lead to revenue loss 100

2002 McDonald's Corp The Innovate information-purchasing system canceled after money spent 170
2002 Sydney Water Corp [Aus] Billing system canceled after money spent** 33.2
2002 CIGNA Corp Problems with CRM system contribute to loss 445
2001 Nike Inc Problems with supply-chain management system contribute to loss 100
2001 Kmart Corp Supply-chain management system canceled afer money spent 130
2000 Washington DC City payroll system abandoned after deployment 25
1999 United Way Administrative processing system canceled after money spent 12
1999 State of Mississippi Tax system canceled after money spent; state receives $185M damages 11.2
1999 Hershey Foods Corp Problems with ERP system contribute to loss 151
1998 Snap-on Inc Problems with order-entry system contribute to revenue loss 50
1997 U.S. Internal Revenue Tax modernisation effort canceled after money is spent 4000
1997 State of Washington Department of Motor Vehicle (DMV) system canceled after money spent 40
1997 Oxford Health Plans Inc Billing and claims system problems contribute to quarterly loss; stock plummets, 

leading to loss in corporate value
3400

1996 Arianespace [France] Software specification and design errors cause Ariane 5 rocket to explode 350

1996 FoxMeyer Drug Co ERP system abandoned after deployment, forcing company into bankruptcy 40

1995 Toronto Stock Exchange Electronic trading system canceled after money is spent*** 25.5
1994 U.S. Federal Aviation Admin Advanced Automation System canceled after money spent 2600
1994 State of California DVM system canceled after money spent 44
1994 Chemical Bank Software error causes money to be deducted from 100,000 customer accounts 15

1993 London Stock Exchange Taurus stock settlement system canceled after money spent 600
1993 Allstate Insurance Co Office automation system abandoned after deployment 130
1993 London Ambulance Service Dispatch system canceled in 1990 at $11.25M***; second attempt abandoned 

after deployment, costing $15M***
26.25

1993 Greyhound Lines Inc Bus reservation system crashes repeatedly upon introduction, contributing to 
revenue loss

61

1992 Budget Rent-A-Car, Hilton 
Hotels, Marriot International and 
American Airlines

Travel reservation system canceled after money is spent 165

17348.95

Average loss in $M 560

**Converted to US dollars using exchange rates for the year cited, according to the International Trade Administration, US Department of 
Commerce
***Converted to US dollars using exchange rates for the year cited, according to the Statistial Abstract of the United States, 1996

Sources:  Business Week, CEO Magazine, Computerworld, InfoWeek, Fortune, The New York Times, Time and The Wall Street Journal

*Converted to US dollars using current exchange rates as of press time
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Those of us who have experience working on process improvement efforts will recognise the 
wisdom of these words. 
 
Rost (2004) gives political reasons why people might want the project to fail: 
 

 Users feel that the project threatens their job. 
 Stakeholders fear that their working conditions might worsen. 
 Stakeholders dislike the additional control the project entails. 
 Engineers are unhappy with the project lead assignment and hope to gain control 

themselves (after destroying the project lead’s reputation). 
 Stakeholders fear that their influence in the organisation is in danger because 

many software projects result in one group assuming power and another losing it. 
 Regarding offshore-outsourcing relationships, engineers sometimes must train 

colleagues who do the same work for much less pay. 
 Stakeholders in some projects are competitors in other fields (for example, when 

competing companies form a limited alliance to carry through a software project.) 
 
Jurison (1999) wrote an extensive article about why project management is so 
difficult. His findings were that some of the difficulties stem from the inherent nature 
of the product while others are management related. Among the common software 
related problems he identified are: 
 

 Intangibility. Software, unlike hardware, is intangible. As a result, software is 
difficult to manage because it contains no visible milestones to measure progress 
and quality.  

 Complexity. The sheer complexity of software makes it difficult for people to 
comprehend it, creating not only technical, but management problems as well. 

 Volatility of requirements. Software requirements are under constant pressure for 
change. Because software can be changed more easily than hardware, change is a 
way of life in software development. 

 
McConnell (1999) adds to complexity and invisibility that what makes software 
development additionally difficult is its conformity and changeability. Among the 
management-related difficulties the following are most frequently cited in the project 
management literature: 
 

 Poorly defined goals and specifications 
 Lack of project plan 
 Unrealistic deadlines and budgets  
 Although some projects fail for technical reasons, most project failures are caused 

by people who ignore the principles of good project management. 
 
Humphrey (2005) structured software management problems into 12 key questions 
about why software projects fail. Predictably the answers lead directly to the kind of 
management espoused in his specific models and recommendations.  
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Question Answer 
Are all large software projects 
unmanageable? 

No, he knows of two that were very 
successful through heavy emphasis on 
planning, use of an evolutionary lifecycle 
and team motivation. 

Why are large software projects hard to 
manage? 

We don’t have a good management 
structure for software; hierarchical 
management systems don’t work. Building 
software is more like building a cathedral 
with a master builder over-seeing 
independent artisans. 

Why is autocratic management ineffective 
for software? 

There isn’t visibility for the manager to see 
what is actually happening as there is in a 
manufacturing operation. The manager can 
order something done but has no way of 
knowing if it happened. 

Why is management visibility a problem for 
software? 

If the manager can’t see the problems that 
lead to 1-2 day slips as they happen, by the 
time the damage is done, it’s too late. 

Why can’t managers just ask the 
developers? 

They can but the developers don’t know 
anything except what they are doing at the 
time [which is usually ‘90% done’ M.S.]. 
They have no way of knowing where the 
entire project stands.  

Why do planned projects fail? Projects fail because of imprecision and 
inaccuracy in the planning, as well as 
failure to deal with changing requirements. 

Why not just insist on detailed plans? Nobody knows enough to develop such 
plans, particularly when programmers value 
being creative. 

Why not tell the developers to plan their 
work? 

Most developers don’t want to make plans 
and wouldn’t know how if they did want to 
do so. Also, each developer would plan for 
her own methods, processes, etc. and 
these would need to be co-ordinated. 

How can we get developers to make good 
plans? 

Train them in how to do it, convince them 
they should do it and support them while 
they do it. 

How can management trust developers to 
make plans? 

Trust and empower the employees, while 
monitoring results. 

What are the risks of changing? It costs time and money to train developers 
and managers to use new ways and there 
is a risk in making changes on large 
systems. But there is also a risk in doing 
nothing. 

What has been the experience so far? 
 

It has worked for those dozens of projects 
that have tried it but there are no 
guarantees. 

 
Illustration 2-3 Why do large projects fail? 
 
Even though in Ireland we are probably not talking about projects as large as 
Humphrey is researching, the principals might apply to projects of any size larger than 
those handled by one person.  
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As a summary of this chapter, the following table lists the problems and those authors 
that cited each one. 
 

Problems Authors # 
External or commercial pressures   
Poor communication among customers, developers, and users Charette 1 
Competitors are doing it Charette, Sheard 

and Miller 
2 

Customer complaints Sheard and Miller, 
Mitev 

2 

Request for proposal demands it Sheard and Miller 1 
Stakeholder politics, fear and dislike of changes Charette, Rost 2 
Need to cut costs Charette 1 
Political leaders and reasons driving the project Charette, Mitev 2 
Unions Mitev 1 
User resistance Mitev, Rost 2 
Poor public relations Mitev 1 
Stakeholders are competitors in other fields Rost 1 
Organisational issues   
Relationship between software and rest of organisation Sheard and Miller 1 
Have to become more efficient Sheard and Miller 1 
Inadequate staff training Mitev, Humphrey 2 
Lack of upper management support Charette, Mitev 2 
Project management issues   
Poor project management Charette, Mitev, 

Humphrey, Jurison 
4 

Poor planning Humphrey, Jurison 2 
Unrealistic or unarticulated project goals Charette, Jurison 2 
Badly defined or changing system requirements Charette, Cook, 

Jurison 
3 

Poor reporting of the project’s status Charette 1 
Unmanaged risks Charette 1 
Use of immature technology Charette 1 
Inability to handle the project’s complexity Charette, Jurison 2 
Sloppy development practices Charette 1 
No standard project estimation process Sheard and Miller, 

Charette, Cook 
3 

No standard way to eliminate errors Sheard and Miller 1 
Start with budgets too small Charette, Jurison 2 
Managers chase technology instead of a system that meets 
requirements 

Charette 1 

Lack of management visibility Humphrey, Jurison 2 
Failure to confront reality Charette 1 
Technical issues   
Technical malfunctions Mitev 1 
Inappropriate user interface Mitev 1 
Inadequate database information Mitev 1 
Transfer of technical solution from one context to another Mitev 1 
Individual issues   
Incentive to continue is stronger than motivation for change Sheard and Miller 1 
People are afraid to ask for help Cook 1 
One person wants to have another’s job Rost 1 
Engineers afraid their jobs ‘going to India’ Rost 1 

 
Illustration 2-4 Problems organised by subject 
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A few comments on the above table: 
 

 Seven authors7 found 38 software issues. 
 One issue was common for four authors:  lack of good project management  
 Two issues were common for three authors: lack of standard/effective project 

estimation processes and poor or changing requirements. 
 Thirteen issues were common to two authors. 
 Sixteen issues were discussed by only one author each8. 

 
This is a complexity of its own type. We discuss problems that arise from complex 
systems but look at the complexity of the problems. Many of the issues are not unique 
to the software industry but they are made more difficult by the lack of visibility. 
Customers can’t always see what they are buying. Managers can’t see what is being 
produced. Developers know only what they are doing, not what everyone else is doing 
so they may go off on a tangent without anyone realising it. This is a good 
background to why the processes, standards, models and methodologies came along, 
as discussed in the next chapter. 
 
2.2 Standards and methodologies 
 
This chapter starts with the evolution of software processes, standards, models and 
methodologies, with a short discussion about why each phase looked the way it did. 
One of the reasons to do this is that I expect to find the companies being researched to 
be in any one of these phases—some companies are likely to have dropped back to 
reliance on technology without external process control. Some may have abandoned 
whatever standard we trained them on for another. In any case, it is useful to see how 
software management evolved through the years and why that evolution happened. 
 
People and organisations change the way they behave for many reasons. Sometimes 
people demand it—employees, customers, managers, users and others. Or the law 
demands it, particularly where safety and the environment are concerned. Sometimes 
enough empirical evidence indicates there may be smarter ways to do something and 
business sense says it would be well to adapt to the new ways. For all these reasons 
and more our ideas on software processes, methodologies and standards have 
changed. First there were few, then there were many, and now often we want to get 
rid of the overhead and go back to basics. According to Avison and Fitzgerald (2003), 
we can roughly break this up by decades to see events in sequence. 
 
1960s to early 1970s Pre-methodology       
Late 1970s to early 1980s   Early methodology     
Late 1980s to early 1990s     Methodology   
Late 1990s to now       Post-methodology 
 
Illustration 2-5 Methodologies and processes through the ages 
 
 
 

                                                 
7 Many more authors have written about software problems but this seemed like quite a depressing enough list. 
8 Charette was the only one to be discussing a specific set of 31 projects. Watts Humphrey talked about successes in 2 projects, 
but did not specify the failures. The others talked in general terms. 
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Pre-methodology era 
According to Mead et. al. (1997), the 1968 and 1969 NATO Conferences added the 
term ‘software engineering’ to the professional lexicon and spurred research into the 
theory of software systems and the creation of tools and technologies to move 
software development away from an art form and ever closer to a true engineering 
discipline. As noted by Glass (2002), many of today’s computer scientists use the 
term ‘ad hoc’ as a term of derision, interpreting the term to mean ‘unstructured’ and 
even ‘chaotic’. The Software Engineering Institute may have done us a disservice to 
combine those terms in describing CMM level 1 organisations (Paulk et. al., 1993).  
 
Programming in the early days was indeed ad hoc, to use the definitions in my 
dictionaries:   
 “for this particular purpose; special(ly).” (Brown, 1993) 
“for the special purpose or end presently under consideration.” (Costello, 1992) 
“with respect to this:  for a specific purpose, case, or situation.” (Morris, 1976) 
 
All these definitions are included to reinforce that ‘ad hoc’ wasn’t and isn’t a bad 
thing, per se. We were developing sophisticated systems with very limited computing 
power; each was for a specific purpose, case or situation because it had to be. When 
memory is so tight that one byte saved on a year date is precious, the overhead which 
might be required by methodologies, generic templates, etc. is probably too much to 
expect programmers to use. When time is so tight because you can only use the 
computer system at night or on the weekends for maintenance or upgrades so daily 
production isn’t affected, and you only get so many runs in each period, the overhead 
which might be required by conformance to generic processes and standards is 
probably too much to expect programmers to use. 
 
In my experience, following standards and methodologies only became really 
practical or desirable when the power and storage capacity of computers increased 
and the number of people involved in a given project increased, too. Remember, in 
the 60s and early 70s it was common for a single programmer like me to develop the 
entire accounting system for a financial institution, city government or other 
organisation. As computers became bigger and capable of doing more, more people 
were required on the team and that is when the real problems started which 
standardisation attempted to address. Also, Avision and Fitzgerald (2003) make the 
point that because frequently the emphasis was on maintaining [and upgrading] 
existing systems, interest in standards and methodologies grew as possibly more 
efficient ways to do this. 
 
Fomin and Keil (2000) report that economic theory has studied why standards 
emerge, how technology adoption progresses and the welfare implications of the 
emergence of standards. The review of the economic and strategic management 
literature indicates that economic arguments do not suffice in explaining the 
standardisation phenomena. Rather, social and political processes play an important 
role in processes that lead to technical standards and their success or failure in the 
market. They note that there are different ways of looking at standardisation: 
 
• Standardisation as a socio-economic process in inter-organisational structures 
• Standardisation as a sense making and conversation process 
• Standardisation as a negotiation process 
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Early methodology era 
The first methodology popularly followed was the waterfall method. One of many 
versions of this is shown in Illustration 17 (AlliedSignal Aerospace Guide to Software 
Process Implementation, 1993) 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
Illustration 2-6 Waterfall method 
 
This version was chosen because it also shows the systematic focus on configuration 
management and baselines. Even in the early days we practiced version control and 
other components of configuration management because it enabled us to do a better 
job, but now for the first time, it was written into a process with specific naming 
conventions. Although it was an attempt to fit the work into manageable boxes, 
Avison and Fitzgerald (2003) have a long list of problems associated with the 
waterfall model: 
 
1. Failure to meet the real needs of the business because the emphasis was on 

organising the technical activities; 
2. Overly conservative design since once large systems were created, the tendency 

was to upgrade the existing system, even if there might have been better ways to 
do work; 

3. Instability when the processes being modelled were unstable; 
4. Inflexibility since changes to the design were difficult and costly; 
5. User dissatisfaction since visual prototyping was nearly impossible so they could 

see if the system being developed was what they wanted; 
6. Inability of users to interpret technical literature written by technical people in the 

form of system documentation (when it existed at all); 
7. Slowness of application creation and change, particularly on operational 

production systems. 
 
There was the further problem for programmers that no system can be developed in 
little boxes that are never repeated. Requirements change, newly available hardware 
and software make design changes desirable sometimes—at any box in the lifecycle, 
one may have to go back a step or two and re-evaluate. So we used it for paper 
schedules and reporting verbiage but not much in real life corresponded to the model 
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itself.   Other lifecycle models were developed—the V-model, the Spiral model, 
Prototyping, Iterative—each trying to overcome deficiencies of applying the Waterfall 
model in various circumstances. 
  
Methodology era 
Avison and Fitzgerald (2003) describe a methodology as a recommended collection of 
phases, procedures, rules, techniques, tools, documentation, management, training and 
the philosophy behind it. During this period, standards became more predominant. 
The United States government started requiring specific CMM levels from those 
responding to contract bids. ISO 9000 started to be required for certain government 
contracts, particularly in Europe.  
 
The programmes being researched followed a variety of processes and models. Three 
followed no model at all. Consultants worked with companies to solve their individual 
problems using widely-adopted individual good practices. The model used for ISCP 
was ISO 9001:  1994, SCATE followed the CMM for Software (hereafter called the 
CMM) and SPIRE used SPICE for process assessments. The three models used are 
described below. 
 
Before describing each one individually, we look at an evaluation from Richardson 
(1999) who says, experience from many companies has shown that the use of the 
CMM is very limited within the small development company and companies are 
continually tailoring the available methods to suit the small project or subsidiary. She 
gives the following table showing strengths and weaknesses of each. 
 

 Strengths Weaknesses 
CMM • Improves software process 

• Specific set of guidelines 
• Assessment is expensive 
• Lack of improvement model 
• Tailoring required for small 

companies 
• No credit for higher levels 
• One-dimensional 

ISO 9001 
 

• Market-driven 
• Internationally recognised 
• Recognised outside software 

community 
• Improves software process 

• Not designed for software 
• Results in cumbersome 

procedures 
• Lack of improvement model 
• One-dimensional 

SPICE • Developed from existing 
models and experiences 

• Credit for higher levels 
• Specific set of guidelines 

• Expensive assessment 
• Lack of improvement model 
• One-dimensional 

  
Illustration 2-7 Summary of Software Process Models 
 
ISO 9001 : 1994, Quality systems, model for quality assurance in design/development, 
production and installation was the version of the standard used. It has 20 clauses or 
areas of concern which span the entire organisation, including such functions as 
purchasing and training. In addition, there are clauses which can be applied directly to 
software, such as design and document control.  
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A useful way of understanding clauses of the standard (Sanders, 1997): 
 
First steps at level of overall management 
4.1 Management responsibility 
4.2 Quality system 
 
Second steps taken site-wide 
4.5 Document and data control 
4.8 Product identification and traceability 
4.12 Inspection and test status 
4.13 Control of nonconforming product 
4.14 Corrective and preventive action 
4.16 Control of quality records 
4.17 Internal quality audits 
4.18 Training 
 
More detailed actions which may need to be developed independently to satisfy 
specific customers, contracts or projects 
4.3 Contract review 
4.4 Design control 
4.6 Purchasing 
4.7 Control of customer-supplied product 
4.9 Process control 
4.10 Inspection and testing 
4.11 Control of inspection, measuring and test equipment 
4.15 Handling storage, packaging, preservation and delivery 
4.19 Servicing 
4.20 Statistical techniques  
 
ISCP was structured with a close adherence to this standard because the goal for each 
organisation that took part was the development of a quality system which would 
enable it to become certified at the end of the training period. To become certified, the 
organisation has to contact someone like the NSAI who is certified by ISO as an 
auditor.  They do an audit and verify that the organisation is compliant to the standard 
within the chosen departments. We had several ISCP clients who were already ISO 
9001 certified for manufacturing, but not for software. Once the auditor has declared 
the organisation has passed, it gets a certificate to hang on the wall and is allowed to 
publicly define itself as ISO 9001 certified in the appropriate areas. Subsequent audits 
confirm the organisation is still conforming to the standard. Not all organisations 
actually achieved the goal of certification at the time; indeed, not all wanted to do so. 
Part of my research will be to see how many organisations achieved certification, kept 
it and lost it. Certification to ISO 9000 today is to the latest version ISO 9000: 2000. 
 
The CMM originated at the Software Engineering Institute in the United States. It has 
become a de facto standard for developing key elements of an effective software 
process. It describes an evolutionary path for software development from an immature 
process (Level 1) to a more disciplined process which is based on quantitative 
feedback at the organisational level (Level 5), (Ferguson and Sheard, 1998). 
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Level Focus Key process areas 
Level 1—Initial Heroes No key process areas 
Level 2—Repeatable Project management  Requirements management 

 Software project planning 
 Software project tracking and 

oversight 
 Software subcontract 

management 
 Software quality assurance 
 Software configuration 

management 
Level 3—Defined Engineering process  Organisation process focus 

 Organisation process 
definition 

 Peer reviews 
 Training programme 
 Intergroup co-ordination 
 Software product engineering 
 Integrated software 

management 
Level 4—Managed  Product and process quality  Software quality 

management 
 Quantitative process 

management 
Level 5—Optimising  Continuous improvement  Process change 

management 
 Technology change 

management 
 Defect prevention 

 
Illustration 2-8  CMM maturity levels and key process areas 
 
Paulk (1999) goes on to describe the maturity levels as in the following illustration. 
 
Software CMM 
maturity level 

Description of software CMM maturity levels 

1) Initial The software process is characterised as ad hoc, and occasionally even 
chaotic. Few processes are defined, and success depends on individual 
effort and heroics. 

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

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

4) Managed Detailed measures of the software process and product quality are 
collected. Both the software process and products are quantitatively 
understood and controlled. 

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

 
Illustration 2-9 CMM level description 
 
SCATE was based on the CMM but it was not designed to enable an organisation to 
pass a CMM level 2 assessment or any other qualification at the end of the course. 
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SCATE was designed to educate two people from each organisation on the basics of 
CMM Level 2 and provide the tools to implement those processes in a way that made 
sense in the organisation.  The intent was to create a Champion who could do the 
same job I could to going in as a consultant. The components of CMM Level 2 were 
discussed:  project planning, project tracking and oversight, requirements 
management, configuration management, software quality assurance, subcontractor 
management. These processes are focused at the project level, establishing basic 
project management controls. CMM Level 3 processes were presented, not taught. 
 
This approach differs from ISO 9001 because it advocates starting at the project level 
and finding out what works before institutionalising it in an organisational 
infrastructure. ISO 9001 starts at the top with management responsibilities and works 
down through various aspects of the organisation departments and processes. 
 
The third standard used, SPICE, was designed to be used in two ways:  as a roadmap 
for organisational self-improvement and as an assessment guide for evaluating one 
organisation’s capabilities against another, particularly in a procurement environment. 
The parts of the standard as we used it9 are: 
 
Part 1 Concepts and introductory guide 
Part 2 A reference model for processes and process capability 
Part 3 Performing an assessment 
Part 4 Guide to performing an assessment 
Part 5 An assessment mode and indicator guide 
Part 6 Guide to qualification of assessors 
Part 7 Guide for use in process improvement 
Part 8 Guide for use in determining supplier process capability 
Part 9 Vocabulary 
 
The categories for evaluation contained in the Part 2 reference model are: 
 
CUS Customer Supplier process category CUS.1 Acquire software 
 CUS.2 Manage customer needs 
 CUS.3 Supply software 
 CUS.4 Operate software 
 CUS.5 Provide customer service 
ENG Engineering process category ENG.1 Develop system requirements and design 
 ENG.2 Develop software requirements 
 ENG.3 Develop software design 
 ENG.4 Implement software design 
 ENG.5 Integrate and test software 
 ENG.6 Integrate and test system 
 ENG.7 Maintain system and software 
SUP Support process category SUP.1 Develop documentation 
 SUP.2 Perform configuration management 
 SUP.3 Perform quality assurance 
 SUP.4 Perform work product verification 
 SUP.5 Perform work product validation 

                                                 
9 SPICE has continued to be upgraded and changed on its way to becoming a full ISO standard. This is what it looked like when 
we used it. 
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 SUP.6 Perform joint reviews 
 SUP.7 Perform audits 
 SUP.8 Perform problem resolution 
MAN Management process category MAN.1 Manage the project 
 MAN.2 Manage quality 
 MAN.3 Manage risks 
 MAN.4 Manage subcontractors 
ORG organisation process category ORG.1 Engineer the business 
 ORG.2 Define the process 
 ORG.3 Improve the process 
 ORG.4 Provide skilled human resources 
 ORG.5 Provide software engineering infrastructure
 
Illustration 2-10 SPICE key process areas 
 
SPICE is not binary like ISO 9001 where you are either ISO 9001-certified or you 
aren’t. Neither is it staged like the CMM where you meet all requirements to be at 
Level 2, 3, 4, or 5 and each builds on the other. For example, for the CMM if you 
meet all requirements for Level 2 and 90% of the requirements for Level 3, you are 
still at Level 2. If you meet all the requirements for Level 3 and 90% of the 
requirements for Level 2, you are still at Level 1. Not until you meet all the 
requirements for Level 2 can you get to Level 3, although some organisations do both 
at the same time. 
 
SPICE is described as continuous, meaning that you can be at various levels for any 
of the key process areas listed above. Each process is evaluated separately and 
described by Paulk (1999) as: 
 
Level Description Capability level description 
0 Incomplete There is general failure to attain the purpose of the process. There 

are little or no easily identifiable work products or outputs of the 
process. 

1 Performed The purpose of the process is generally achieved. The achievement 
may not be rigorously planned and tracked. There are identifiable 
work products for the process, and these testify to the achievement 
of the purpose. 

2 Managed The process delivers work products according to specified 
procedures and is planned and tracked. Work products conform to 
specified standards and requirements. 

3 Established The process is performed and managed using a defined process 
based on good software engineering principles. Individual 
implementations of the process use approved, tailored versions of 
standard, documented processes to achieve the process outcomes. 

4 Predictable The defined process is performed consistently in practice within 
defined control limits, to achieve its defined process goals. 

5 Optimising Performance of the process is optimised to meet current and future 
business needs, and the process achieves repeatability in meeting 
its defined business goals. 

 
Illustration 2-11 SPICE capability levels 
 
The SPICE assessor is evaluating each process to determine its capability level. The 
result of this is a SPICE profile. SPICE has levels as shown above, like the CMM, but 
different processes are not level-dependent. In the CMM, Requirements Management 
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is at Level 2 and to be at CMM Level 2, the organisation has to perform a requisite set 
of activities. SPICE ‘ENG.1 Develop system requirements and design’ can be at 
Level 0 (incomplete), Level 1 (performed), all the way to Level 5 (optimising). 
Therefore it is possible to pick any process included in the standard and see at what 
level the project or organisation is performing. This difference in the standards is 
shown graphically in the next illustration. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Illustration 2-12 Comparison of standards 
 
As part of SPIRE, we used a SPICE-based assessment instrument to evaluate with 
each client the processes included in SPICE, then worked with them to decide which 
to improve as their SPIRE project. The processes assessed were (Sanders, 1998): 
 
Customer-supplier acquisition, supply, requirements elicitation, operation 
Engineering  development, system and software maintenance 
Support documentation, configuration management, quality assurance, 

verification, validation, joint review, audit, problem resolution 
Management  management, project management, quality management, risk 

management 
Organisation organisational alignment, improvement process, human 

resource management, infrastructure, measurement, reuse 
 
These are not in complete alignment with SPICE, but were a compromise, focusing 
on the areas deemed to be most important for the clients selected for SPIRE. 
 
These standards were used successfully in some of the improvement programmes and 
by other companies, but all was not smooth sailing for the standards proponents. As 
stated by Bouldin, (1989), nothing stirs up absolute boredom in the hearts of data 
processing professionals like the very mention of the word standards. There have 
been enough words written on the subject to outnumber War and Peace in terms of 
sheer volume.  
 
Post-methodology era 
According to Rada and Ketchell (2000), the relative decline in the role of formal 
standardisation has been matched by the development of ‘consortia standardisation’—
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such as that created by the Institute of Electrical and Electronic Engineers (IEEE) and 
other special interest organisations. The latest examples of such specialisation I have 
seen as recently as May, 2004. At The Second Workshop on Software Quality, WEB 
application development, open source software, agile development and other modern 
techniques were discussed by various presenters, among them Grünbacher, Jensen and 
Huo (2004), as candidates with special requirements which might eventually lead to 
specialised standards being developed. In 2000, the European Committee for 
Standardization (CEN) identified and described over 140 open, ICT standards-
developing consortia. On the  web site of   the National Standards Authority of Ireland 
(www.nsai.ie), the local agent for CEN, they talk about “literally hundreds of 
thousands of Standards from scores of publishing institutions”. 
 
So, what options are available, when many of the methodologies and standards are 
complex and difficult to use, particularly for small systems or those needing rapid 
turnaround? Many organisations turned to more flexible ways of developing software. 
Part of this research should uncover whether organisations that were trained in the 
formal methods and standards in the E.C.-sponsored programmes have felt the need to 
slim down the processes and look for other alternatives. 
 
2.3 Alternatives 
  
The following authors discussing post-methodology options say nothing about ‘SPI’ 
at all. There is no reason why someone couldn’t marry any of these with an SPI 
environment but it is clear, this wouldn’t be first priority for any of these authors. 
 
2.3.1 Agile/eXtreme programming (XP)10 
 
McMahon (2005) refers to the Agile Manifesto, which was put together by the 
founders of many of the most popular agile methods, containing four value 
statements: 
 

 We value individuals and interactions of processes and tools. 
 We value working software over documentation. 
 We value customer collaboration over contract negotiation. 
 We value responding to change over following a plan. 

 
According to proponents, eXtreme Programming is an agile, iterative development 
process which creates focused, efficient software development that heavily 
emphasises customer involvement. (Drobka et al, 2004) This means slimming down 
the processes altogether and working closely with customers at every step. Drobka et 
al describe using a high-level architecture document to provide this roadmap; it 
contained class diagrams, scenarios and a process view of the system. 
 
Their view of XP is that it is unique because it provides constant feedback to the 
developers. They review a past project where at the end of each day, the teams had a 
working product, which created a surge in morale. In addition, XP shortened the 
learning curve for new employees. They sat in on pair-programming sessions for a 
few weeks then began working in pairs providing higher productivity. 
                                                 
10 Lindvall et al (2004) emphasise that XP and agile methods are not interchangeable terms but the XP is the most commonly 
used agile method today because it is the best documented and thus the easiest to implement. 



 28

 
One of their warnings was that pair programming requires large blocks of time. They 
solved this by simply blocking out large blocks of time in developer’s schedules, to be 
dedicated to pair programming. They also pointed out that managers must choose 
pairs carefully for balance of personalities and experience. 
 
Lindvall et al (2004) report on four large corporations (ABB, Daimer-Chrysler, 
Motorola, Nokia) which belong to a consortium, the Software Experience Center, 
designed to investigate various aspects of software development. This report discusses 
the results of 15 pilot projects which involved eXtreme Programming in these large 
organisations, either using XP as is, choosing selected XP practices and incorporating 
them into their regular processes, or using XP terms to refer to the practices they 
already used. 
 
Business drivers for these experiments were those common to nearly all software 
developers as well as one frequently found in large organisations. 
 

 Improve both productivity and quality 
 Problems related to requirements 

 
- Mandated ship dates defined before requirements are completely defined 
- Volatile requirements 
- Better understanding of user needs 
 

 Eliminate time-consuming work on specifications that are often obsolete by the 
time they are finalised. 

 Need to keep pace with evolving markets and technologies 
 Need to show early progress to the customer and upper-level management 
 Heavy process approaches and current quality systems that are too generic and 

complex to provide good support 
 
The authors recommend these aspects to consider when applying XP methods: 
 

 Which practices will add more agility? 
 How difficult will it be to introduce and sustain the practices? 
 What will be the desirable and undesirable side effects? 
 How satisfied will the employees be with using the methods? 

 
All pilot projects this study covers had similar positive experiences. The subjective 
and objective measures indicate that these projects succeeded in terms of increased 
agility and made improvements to one or more of the following attributes:  customer 
satisfaction, quality, productivity and cost. In addition, most developers involved in 
the projects had positive experiences; team morale increased and introducing the 
practices did not prove costly. The authors then go on to talk about some of the 
situations unique to large organisations which probably wouldn’t be a problem for 
most Irish companies. Points they noted above should apply to anyone using XP. 
 
Rost (2005) had the interesting experience of learning and teaching formal processes 
but seeing in action when his own project was on the line that they aren’t always 
appropriate. His contention is that the best practices that books describe are tailored 
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for huge, one-of-a-kind projects created for certain clients—space labs, airport 
management, modern weapons, air traffic control and other similar functions. He feels 
that many of these best practices require a minimum critical project size to be 
efficient. 
 
Michele Sliger (Sliger, 2004) is one project manager who decided formal processes 
and schedules, meeting notes, issue logs and action items and other formal trappings 
of project management weren’t best for all projects. She observed that traditional 
project management methods, such as those promoted in the CMM, seemed to work 
best with the largest and most complex projects (building a bridge, launching a space 
probe, designing new aircraft), or when staff was dispersed among different 
geographic locations. [Indeed, those two conditions, complex projects and dispersed 
staff, are exactly what the CMM was designed to handle. M.S.] When Sliger went to 
work in a company that supported agile programming, she borrowed from Buddhism 
what she calls the Four Noble Truths of Agile Development:  
 
1. Software development can be fun. 
2. Fun is the result of team members working in an environment that supports their 

need for constant real-time communication, which serves to keep everyone 
focused. 

3. The attainment of these objectives results in software development nirvana; the 
delivery of a quality, customer-approved product in a shorter time frame. 

4. The path to nirvana is realised by taking the road of right thinking (being realistic 
and reasonable) and common sense, the basic truths of all agile methodology. 

 
She discovered in spending 80% of her time with the customer, helping to write user 
stories and prioritise work, the time was better spent than by managing paperwork. 
She found out that a leader was all the programmers really needed—someone to keep 
the focus, foster teamwork, encourage respect and remove obstacles. 
 
In summary, agile/eXtreme programming offers the opportunity to work more closely 
with customers and with each other than some of the more formal processes or 
models. With much more emphasis on developing software rather than developing 
plans and documentation, it offers nearly instant gratification to developers and has 
the potential to be very satisfying to managers who like to spend their time with their 
customers instead of paper. And as Rifkin (2001a) points out, many of the other new 
programming styles—such as lean programming, Rational Unified Process and rapid 
development—offer something in exchange for a change in work habits, and 
sometimes in exchange for a “culture” change, too.  
 
2.3.2 Rapid Application Development and other lean techniques 
 
Howard (2002) describes the raison d’être for rapid application development (RAD), 
another alternative:  it aims at reducing the time between determining requirements 
and implementing them, reducing the likelihood they will change in the interim 
period. RAD is accused of being anti-quality, it being commonly believed that speed 
and quality are incompatible in software development. Supporters of RAD argue that 
modern quality principles are inherent in RAD:  fitness for purpose, avoiding waste, 
getting things right the first time, individual responsibility for quality and meeting 
customer requirements are as engraved in RAD as quality. What RAD tries to avoid is 
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the bureaucratic nature of current quality control and assurance practices. This can be 
summed up as, “There is nothing so wasteful as doing with great efficiency that which 
doesn’t need to be done.” 
 
This value engineering aims to eliminate all work in a project that does not add value 
to a product. Project sponsors are asked what they want to pay and when they want 
the product. The project is then scoped to fit the time and budget, assuming of course 
that someone has the experience to understand what these figures should be. For small 
projects at least, RAD might be a very practical alternative to a more complex set of 
processes. 
 
As O’Sullivan (2004) states, if the requirements are well understood and the project 
scope is constrained, RAD may be the process of choice. It requires sufficient people 
to create the right number of teams. It requires developers and customers who are 
committed to and understand RAD principles and processes. And of course, not all 
types of applications are appropriate for RAD. 
 
According to Denne and Cleland-Huang (2004) the Incremental Funding Method 
(IMF) maximises returns by delivering functionality in “chunks” of customer-valued 
features, carefully sequenced to optimise the project’s net present value (NPV). 
Instead of focusing exclusively on controlling risk and cost, IFM also addresses “time 
to value” (that is, the rate at which value is returned to the customer). It can work in 
conjunction with any iterative software process. 
 
IFM decomposes the system to be developed into units of functionality known as 
minimum marketable features—small, self-contained features that can be delivered 
quickly and that provide market value to the customer. The concept is carried further 
by decomposing a large project into miniprojects, IFM increases the likelihood of 
success for large-scale development efforts where management can be difficult. 
 
This isn’t a new concept; many of us were doing it, using multiple schedules and 
earned value systems. However, Denne and Cleland-Huang have done the 
mathematics to show the increased revenue possible from taking this approach.  
 
2.3.3 Open Source Software (OSS)  
 
OSS is quite simply downloading from the web (or finding from other sources) 
reusable components which can be assembled into a finished or nearly finished 
system. This has become a major factor in today’s software industry. Fitzgerald and 
Kenny (2004) write about the ability to get the best possible return for the taxpayer’s 
money by using several components of OSS at Beaumont Hospital in Dublin. 
Spinellis and Szyperski (2004) note that the number of open source projects available 
to developers is staggering:  30,000 projects are registered on http://freshmeat.net, 
70,000 projects (of varying quality, completeness, and stability) are hosted on 
http://sourceforge.net, 5,400 Perl modules are on the Comprehensive Perl Archive 
Network (www.cpan.com), and 100,000 ports, all regularly regression tested for 
correct compilation and installation, are distributed with the FreeBSD operating 
system. 
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A benefit from the developer’s point of view is that they have access to visible source 
code which they can use to make derivatives relatively easily. The resulting products 
benefit in two ways. First, the reused open source code will typically be of higher 
quality than the customer-developed code’s first incarnation. Second, the functionality 
the reused element offers will often be far more complete than what the bespoke 
development would afford. Products can easily incorporate a standardised, 
sophisticated open source element to satisfy requirements that in the past a customer-
built, small-scale sub-optimal implementation would have fulfilled. 
 
On the negative side, many of the reuse options that open source opens can isolate 
reused code from its original authors and maintainers, leading to divergent evolution 
paths or a fossilised code base. The effort of upgrading reused source code elements 
might mean large-scale duplication of effort. Reuse in source code form can also 
result in undesired coupling between separate components when programmers hack 
together the adopted code into a working implementation instead of using or 
designing modular interfaces. Published interfaces of open source components often 
change in ways that aren’t backward compatible; rapid innovation in open source 
projects coupled with the lack of financial pressure from an existing customer base 
tend to make such changes more prevalent than on proprietary products. And quality 
varies widely from shoddy to industrial strength, and no standardised processes and 
metrics exist for assessing the quality of a given element. 
 
Some of the positive aspects can include the best-of-breed practices diffused by open 
source developers to the rest of the open source community, such as version control, 
peer reviews, issue tracking, release engineering and regression testing.   As was 
pointed out by Richard Stallman in his keynote address at ICSE 2004, the effects of 
ownership of software has caused there to be no body of software as literature. OSS 
counteracts this with visibility into every aspect of the software and its development. 
According to Spinellis and Szyperski (2004), most open source programmes have 
been: 
 

 Documented, published and reviewed in source code form 
 Discussed, internalised, generalised and paraphrased 
 Used for solving real problems, often in conjunction with other programmes 

 
They conclude that OSS currently affects development in numerous small ways, but 
could in the long run lead to a paradigm shift in the way we develop software. 
 
2.3.4 Emphasis on specific processes 
 
Previously, two of the important problems were identified by several authors as: lack 
of good project management and lack of a standard process for project estimation.  
These and other processes are sometimes identified as the areas for improvement that 
will make the most difference for the organisation. Several authors have reviewed 
these processes and what might be done to improve them. 
 
Project management 
Jurison (1999) notes that regardless of the size, all projects exhibit common 
characteristics that distinguish them from other types of work. 
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 Projects have specific objectives. 
 Projects must be completed within a specific time period. They have well defined 

beginnings and ends. 
 Projects must be completed within a given budget. Although some projects may 

have loosely defined budgets, all projects have budgetary constraints 
 Projects are carried out by teams. The assignment of people to a project team can 

be full-time and/or part-time, depending on the specific needs of the project. 
 Projects are unique. While the degree of uniqueness may vary from project to 

project, all projects are essentially one-of-a-kind, nonrecurring undertakings. 
 
The fundamental objective of project management is to reach the objectives within 
time, cost and performance. These three variables are the critical project dimensions 
which require continual project management attention. These three dimensions 
provide the focal point for all project management efforts. They are sometimes 
referred to as a triple constraint. The challenge of project management lies in finding 
a balance among these constraints. Additionally, as Mah (2000) describes it, a driving 
factor in what makes managing IT projects so hard is the fact that so many teams are 
given a deadline first, with very little definition of what it is they have to do when it 
comes to defined requirements. 
 
Jurison (1999) says that more recently, managers added a fourth constraint to the big 
three:  good client relations. He states that to manage the above constraints two 
factors are essential:  visibility and commitment. To be successful, project managers 
must make the product (the software being developed) and the project (the 
development process) visible. Commitment of resources and support is needed from 
the sponsoring organisation. Furthermore, all project team members must be 
committed to the over-all objectives of the project and to their assigned tasks and 
responsibilities. Additional suggestions include improved linkages with customers, 
some options for structuring the team to suit the project and developing team loyalty 
to the project. Some key factors for success are: 
 

 A clear shared vision or goal:  research on successful project teams consistently 
demonstrates that a shared understanding of the project goal is the most important 
factor in project success. 

 Commitment to the project:  this can be defined as a sense of loyalty and 
dedication to the project, perhaps by trying some of these options 

 
- Create exciting possibilities to make the project meaningful. 
- Create stimulating work environments that provide interesting and challenging 

work with opportunities for professional growth. 
- Build ownership by involving people in making decisions. 
- Make the project and the whole team’s effort visible by keeping everyone 

informed of progress and how each team member’s effort fits into the goals of 
the project. 

 
Verner and Evanco (2005) looked at what project management practices lead to 
success or failure. They started with some interviews, then developed a questionnaire. 
Twenty-one senior software practitioners filled out the questionnaire for successful 
and unsuccessful projects, 42 altogether. They later surveyed others for 101 
respondents for 122 projects. They looked at five aspects of project management:  the 
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project manager, requirements analysis, cost and effort estimation and scheduling, 
risk assessment and post-mortem activities (no effect).  
 
Rather than look at the whole table, this is a summary of the strongest factors for 
success. 
 

Project manager Requirements 
analysis 

Cost and effort 
estimation and 
scheduling 

Risk assessment 

Above average 
generalist 

Requirements 
complete and accurate 
at beginning 

Delivery decisions 
made on appropriate 
requirements info 

Potential risks 
identified at 
project’s start 

Understand customer’s 
problems 

Requirements 
completed later 

Effort and schedule 
estimates good 

Risks managed 
throughout project 

Clear vision of the 
project 

Good requirements Adequate staff  

Communicate well with 
staff 

Well-defined scope   

Relate well with 
developers 

Adequate time for 
requirements 
gathering 

  

Control project Central repository for 
requirements 

  

Treat staff equally Requirements well-
defined deliverables 

  

Let staff know long 
hours appreciated 

   

Reward staff for long 
hours 

   

 
Illustration 2-13 Project success factors (Verner and Evanco, 2005) 
 
Risk management 
This is another key area, according to many authors. Cook (2004) lists it as one of the 
basics, along with configuration management and requirements management. Jurison 
(1999) agrees that risk management is an important part of the project management 
function. Three major factors that influence project risk are: project size, project 
structure and experience with technology. The larger the project, the less structured it 
is and the less experienced the team with the technology of the project, the greater the 
risk. To counteract this, in the planning phase the project manager needs to perform a 
realistic assessment of risks and develop a plan for controlling these risks. 
 
As long ago as 1991, Boehm looked at differences between successful and 
unsuccessful project managers. One pattern that emerged: successful project managers 
were good risk managers. Their projects tended to avoid pitfalls and produce good 
products. He understood and promoted that risk was probability + impact:  both 
factors have to be considered. Included was the following risk management strategy. 
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   Checklists 
   Decision-driver analysis 
  Risk identification Assumption analysis 
   Decomposition 
    
   Performance models 
   Cost models 
 Risk assessment Risk analysis Network analysis 
   Decision analysis 
   Quality-factor analysis 
    
   Risk exposure 
  Risk prioritisation Risk leverage 
   Compound-risk reduction 
Risk management    
   Getting information 
   Risk avoidance 
   Risk transfer 
  Risk-management planning Risk reduction 
   Risk-element planning 
   Risk-plan integration 
    
   Prototypes 
   Simulations 
 Risk control Risk resolution Benchmarks 
   Analysis 
   Staffing 
    
   Milestone tracking 
   Top 10 tracking 
  Risk monitoring Risk reassessment 
   Corrective action 

 
Illustration 2-14 Risk management strategy (Boehm, 1991) 
 
He also identified 10 major risks and their associated management techniques. 
 

Risk item Risk-management technique 
Personnel shortfalls Staffing with top talent, job matching, team 

building, key personnel agreements, cross-
training 

Unrealistic schedules and budgets Detailed multi-source cost and schedule 
estimation, design to cost, incremental 
development, software reuse, requirements 
scrubbing 

Developing the wrong functions and 
properties 

Organisation analysis, mission analysis, 
operations-concept formulation, user surveys 
and user participation, prototyping, early 
users’ manuals, off-nominal performance 
analysis, quality-factor analysis 

Developing the wrong user interface Prototyping, scenarios, task analysis, user 
participation 

Gold-plating Requirements scrubbing, prototyping, cost-
benefit analysis, designing to cost 

Continuing stream of requirements 
changes 

High change threshold, information hiding, 
incremental development (deferring changes 
to later increments). 

Shortfalls in externally furnished 
components 

Benchmarking, inspections, reference 
checking compatibility analysis 
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Shortfalls in externally performed tasks Reference checking, pre-award audits, award-
fee contracts, competitive design or 
prototyping, team-building 

Real-time performance shortfalls Simulation, benchmarking, modelling, 
prototyping, instrumentation, tuning 

Straining computer-science capabilities Technical analysis, cost-benefit analysis, 
prototyping, reference checking 

 
Illustration 2-15 Top 10 Software Risk Items 
 
Boehm then goes on to define specific risk probabilities and describes the outline for a risk 
management plan. Others have written interesting articles on risk, but this was certainly early, 
definitive and complete.  
 
Conrow (2005) describes the risk management process in this way: 
 
 
 
 
 
 
 
 
 
 
 
Illustration 2-16 Risk management process 
 
Hantos (2005) echoes that risk is defined as a potential problem, an event, hazard, 
threat, or situation with undesirable consequences. But he says more strongly than 
some other authors that the success of a project depends primarily on the project 
manager’s ability to manage the delicate balance between opportunity and risk; he 
notes that unfortunately, when risk goes away, so does opportunity. 
 
The first line of defence is to have strong fundamentals:  having careful evaluation of 
potential risks and solutions to address them, is only the first step. Recognising that 
sound application development principles are central to effective risk management 
and that the risk-management process is ongoing is the key to maximising team’s 
efficiency and ability to create excellent software. (Holt, 2000) He stresses the 
delicate balances needed between flexibility and control, including not relying on the 
easy answers and other people who may not be as interested in the project success as 
they should be. 
 
In another article Holt (2005) identified the need to analyse the significant risk 
drivers:  schedule, technical, funding, integration, etc. and develop risk scenarios to 
determine those events or trigger points to be watched and to warn if the risk becomes 
imminent. 
 
Tiwana and Keil (2004) developed a neat little one-minute risk assessment tool. This 
article describes the results of an examination of 720 projects by senior IT managers 
in 60 large companies. Some of the findings were a surprise because the top risk 

Risk Planning 

Risk Identification Risk Analysis

Risk Handling Risk Monitoring 

Risk Documentation

Feedback

Risk Assessment 
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driver is one that is often neglected by management, while the least influential risk 
driver is one that mangers often complain about the most. The article examines the 
relative importance of six key drivers of software project risk and introduces a one-
minute risk assessment tool that can be applied to improvement software practice. 
 
Relative risk 
Low      Med      High
1. Use of an inappropriate methodology  
2. Lack of customer involvement       
3. Lack of formal project management practices        
4. Dissimilarity to previous projects         
5. Project complexity          
6. Requirements 
volatility 

          

 
Illustration 2-17 The relative weights associated with six key software project 
risk drivers 
 
1. All development methodologies—agile, lightweight, spiral or structured—

encapsulate some approach for embodying customer needs in the features and 
functionality provided by a system. For example, a methodology such as rapid 
prototyping relies on iteration to uncover novel or poorly understood user needs. 
In contrast, a structured methodology emphasises structure over iteration and 
might be more useful for managing larger projects where requirements are better 
understood. A “one-methodology-fits-all” mentality can lead to uneducated 
choices that can rise rather than lower project risk. 

2. Project requirements are derived from expressed or inferred customer needs. The 
problem is that customers often know more than they can tell:  their understanding 
of their own needs is “sticky” or difficult to articulate. Some approaches for 
involving customers in the development process include customer walk-throughs, 
prototypes, use cases, pilots and user reviews. Using these helps in two ways: 1) 
they create a shared visualisation between customers and developers and 2) 
moreover involved customers are likely to be more receptive to the project’s 
outcomes. 

3. Formal project management processes have the power to reduce software project 
risk.  By providing well-defined patterns and directives they co-ordinate 
interactions and help spot discrepancies throughout the project. 

4. The more a new project differs—technically and conceptually—from previous 
projects, the greater the risk. 

5. A project can involve both technical and organisational complexity. Technical 
complexity stems, in part, from a system having to interact with a large number of 
other applications, interdependencies and the complexity of the interfaces to other 
systems. Technical complexity raises the difficulty of estimating the resources that 
must be allocated to a project, exposing the project to feasibility, budget and 
scheduling risks. Organisational complexity grows with the number of 
departments or organisations involved in and affected by the system.  

6. Project requirements define the mapping between customer needs and the 
functionality provided by a system. Building a system on volatile requirements is 
like attempting to build a structure on a foundation of sand. Tweaking an 
unfinished system to match shifting requirements requires additional 
programming effort and expensive reworking. We expect some requirements 
change but have to manage the change carefully. 
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The one-minute risk assessment tool was developed from the empirical data collected 
in this study. Combining input from project managers and other stakeholders will give 
a rough estimate of risk. The score ranges from 10 to 100:  the lower the overall risk 
score for a project, the higher its risk exposure. The tool can be used to perform what-
if analyses to guide in determining how to proactively reduce risk. For example, what 
would happen if customer involvement were increased and formal management 
process was minimal? This can also be used to show differences in perception from 
various stakeholders in the project. In particular, the most important drivers are ones 
over which managers can clearly exercise some control. 
 
1. On a scale of 1-10, where 1 is low and 10 is high, how would you characterise the 

project compared to other projects completed in your organisation? 
2. Add the six weighted ratings (see the worked example). 
3. A lower overall project risk score indicates higher project risk. Range 10 (most 

risky) to 100 (least risky) 
4. Use the table below as a guide for interpreting the score. 
 
Overall risk score  
Project risk score   
 
Example: 
Project characteristic question 1-Rating X Weight = 2 
Fit between the chosen methodology and type of project 5 X 3.0 = 15.2 
Level of customer involvement 6 X 1.9 = 11.6 
Use of formal project management practices 1 X 1.7 = 1.7 
Similarity to previous projects 3 X 1.5 = 4.5 
Project simplicity (lack of complexity) 7 X 1.1 = 7.4 
Stability of project requirements 9 X .8 = 7.3 
                                        Overall project risk score (higher score indicates lower project risk)  48 
 
Illustration 2-18 Example of risk assessment tool 
 
So in this example, requirements are pretty stable, the project is not very complex, the 
customers are moderately involved, probably not too much effort has been made to fit 
methodology and the project, it is very different from other projects and hardly any 
formal project management practices are used. The total score of 48 is medium risk 
but very close to moderately high risk and the project is a good candidate for ‘what-if’ 
scenarios to try to reduce risk, probably by addition of more formal project 
management techniques and attention to methodology. 
 
In one sense, risk management is the most important activity whether you are doing 
anything else or not. If a company isn’t managing risk, what are its chances of even 
staying in business? In another sense, risk management is the umbrella into which 
everything else fits. A good risk management strategy should identify if you need 
better project management, configuration management, project estimation, etc. 
Unfortunately, risk management seems to be poorly understood and seldom practiced. 
 

10-28 29-46 47-64 65-82 83-100 
High Moderately high Medium Moderately low Low 
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Three other ‘silver bullets’ are closely related:  project estimation, requirements 
elicitation and measurement.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Illustration 2-19 Project estimation, requirements elicitation and measurement 
 
Clear requirements and accurate measurements should lead to more accurate project 
estimation. Better project estimation leads to better understanding of requirements 
elicitation and better ability to perform accurate measurement. For example, an 
accurate measurement of how time is actually spent on a project is likely to identify 
activities which were not expected in the original project estimate, including the 
continuing cycle of requirements elicitation. Measurement of defects and where they 
are located frequently identifies areas where more time should have been spent on 
gathering requirements. The key to improvement is gathering and recording of data, 
then using the results to improve.  
 
Project estimation 
In a meeting with Enterprise Ireland advisors, this was identified by some as the 
major area where small Irish companies need guidance.  One of the principal mistakes 
made in project estimation was noted by Brooks (1995) as long ago as 1975:  we 
confuse person-hours with calendar days.  
 
Jørgensen (2005) states that improving software effort estimation doesn’t necessarily 
require introducing sophisticated formal estimation models or expensive project 
experience databases. He offers some guidelines for producing realistic software 
development effort estimates. The guidelines derive from industrial experience and 
empirical studies. 
 

 Don’t mix estimation, planning and bidding, which all have different goals.  
 
The goal of estimating has to be accuracy alone. Planning should focus on risk, 
efficiency and other real-life things. Bidding goals are strictly related to winning the 
contract and making a profit. An example of keeping them separate is not to give 
estimators any price-related information. 
 

 Combine estimation methods 
 
- Top-down methods look at the system as a whole and estimate for each 

component.  

Clarified 
requirements 

Better project 
estimation lead to 

Accurate 
measurements 

leads to better 
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- Bottom-up methods estimate time for so many lines of code, for example.  
- Analogy uses past experience on similar projects as a guide to the future.  
- Linear regression methods are used to fill in the blanks when you only know 

some of the information.  
- Expert judgement relies on people with successful estimation experience in the 

past.  
- Formal methods, such as COCOMO and SLIM frequently are associated with 

tools to help make them effective.  
 
Whatever you combine, get variation. Don’t use only two people who only have 
worked together on the same project.  
 

 Ask for justification for any estimation—always require justification so estimates 
can be reviewed. 

 Select estimation experts with experience from similar, but different, projects. 
 Accept and assess the uncertainty of effort usage. Not all projects have enough 

certainty for good estimates. 
 Provide learning opportunities so estimation improves. 
 Consider postponing or avoiding effort estimation. 

 
Some of the ideas suggested by Putnam (2005) are very practical. 
 

 Recognise the terms the developers understands—how many screens, reports, 
database tables, Web pages, scripts, object classes, etc. are to be developed and 
modified—are different from the estimator’s terms of size, such as lines of code. 

 Consider mapping requirements to intermediate units to elemental modules of 
work, using the resulting output for estimating. 

 Consider this type of approach to sizing: 
 
- Hold a session with the developers. Have them identify all of the intermediate 

units that they have to create. The purpose is to create a comprehensive list of 
work to be done. Keep asking if there is anything else. 

- For each item, have them define in quantifiable terms what makes that item 
simple, average or complex. Record the intermediate units effort-hours. Get as 
many opinions as possible and take into account productivity of individuals. This 
now tells you how many simple, average and complex units you have to create.  

- Construct a sizing worksheet that captures the results of the session. If you have 
defined one screen of average size and complexity, you can define how many of 
these units you have to develop, using multiples for larger pieces of software or 
something more complex. 

 
 For a medium-size project with a small team, the process should take 4-6 hours. 
 Fine-tune as the project goes on, collecting data on what was correct and what 

wasn’t. 
 Have developers define what types of intermediate units are typical for different 

types of projects.  
 
This is all an iterative activity. To start with, it will be pretty rough, but the more you 
do it, the better the estimating process will become. 
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Roetzheim (2005) believes it is common for accuracies to get worse, not better, as the 
project advances. Whether or not this is true, the tendency to be ‘90%’ finished is a 
well-known phenomenon. This is one of the reasons to be as precise in the estimates 
as make sense. If a developer has 12 modules to work on, and only 5 are developed, 
tested and documented, it is unlikely the developer is actually 90% finished. 
 
Estimates are more likely to be accurate if there is close tracking and refocusing as the 
project develops. This is one of the strengths of something called Team Software 
Process® which relies on fine-grained estimation, close tracking against the estimates 
and workload balancing as the project goes on. This is not a discourse on TSP but the 
concepts can be useful for any organisation.  
 
If each individual developer is tracking personal performance against original detailed 
estimates, the group meets regularly and often to discuss progress, and work is 
reassigned to fill in where someone is falling behind, the entire project can come in on 
schedule even if some components are more difficult than expected. Tuma and Webb 
(2005) give the following examples on estimation and team reassignment: 
 

Task Estimate (hrs) Range (70%) 
Subtask 1 100 ±25 (75-125) 
Subtask 2 160 ±30 (130-190) 
Subtask 3 90 ±20 (70-110) 
Subtask 4 200 ±50 (150-250) 
Total 550 ±67 (483-617) not totalled 

 
Illustration 2-20 Individual estimations 
 
Since it is very unlikely all projects will be completed at either the low or high end, 
statistically the estimated range for the overall project can be calculated by squaring 
each range, summing those values, then taking the square root. This approach yields a 
prediction rank of ±67 hours and makes the range around the sum of the estimate 
considerably tighter than the range around the estimate of each individual task. 
 
Early detection of problems is the primary goal of forecast tracking, which reveals 
biases early. Early knowledge of cost and schedule variances allows the team to 
renegotiate scope and/or alter their technical direction, which can facilitate a 
significant reduction in future cost variances. 
 
Workload-balancing is the act of reassigning tasks from overburdened team members 
to under-tasked team members so team members finish their assigned work on 
approximately the same date.  
 
Scenario Team 

member A 
Team 
member B 

Unbalanced Optimised 

1 Early Early Early Early 
2 Early Late Late On time 
3  Late Early Late On time 
4 Late Late Late Late 
 
Illustration 2-21 Four workload-balancing scenarios 
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Workload balancing allows schedule variations to additively cancel each other out. 
This is an incredibly important point because it allows project schedule variances to 
benefit from the sum-squares reduction described earlier. 
 
Requirements elicitation 
One of the most common and best-known problems in estimating is failure to deal 
with requirements. How can you estimate unless you know how many requirements 
you are trying to meet? How do you organise that long list of wishes into something 
manageable so you can make a reasonable estimation for that product you are 
producing. Here are a few suggestions.  
 
Requirements triage can be used to determine when certain requirements need to be 
satisfied; Davis (2003) suggests the following steps: 
 
1. Group requirements according to these groups: 
 
Group 1 Requirements that must be in the next product baseline 
Group 2 Requirements clearly not required for the next product baseline 
Group 3 Requirements that could be incorporated, but only if necessary 

resources are available 
 
2. Establish relative priorities for requirements. This may include establishing 

priority-related interdependencies as well. 
3. Estimate the resources needed to satisfy each requirement. This may include 

establishing resource-related interdependence as well. 
4. Select a subset of requirements that optimises the probability of the product’s 

success in its intended market, whether commercial or internal, relative to the 
resource constraints. 

 
Requirements triage of a different and possibly more suitable type is suggested by 
Dekkers (2005). She suggests dividing them into three types:  functional, non-
functional and technical. 
 

 Functional requirements are those that define what the product does; these are 
most of the requirements defined by the customer. 

 Non-functional requirements are those that define how the product does it; this 
includes the quality, performance and maintenance requirements. 

 Technical requirements are those that define how the system is built:  hardware, 
language, interfaces to other systems, etc. 

 
Then follow these steps: 
 
1. Decide how many separate (sub)projects are included within the scope of the 

overall business project if more than one software application is involved.  
2. Estimate each one separately and add results together, including an estimate of 

integration testing of component subproject pieces (and other system-wide 
activities).  

3. Identify and estimate the size or impact of the three types of project requirements 
for each of the subprojects. 
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This might seem quite complicated but for a complex system, it may be absolutely 
required. This is particularly true if a new component is being added to an older 
system. Further things to remember include:  
 

 An estimate is only as good as its least reliable input variable. 
 Over-estimate the impact of non-functional requirements; they are usually more 

complex than anticipated. 
 Teach customers about the estimating process. Educate them that an estimate too 

early in the life cycle cannot remain fixed throughout the project, nor can it be 
accurate. 

 
However, Jackson (2004) notes that it’s hard to avoid defects in functional 
requirements. After a major failure, it’s usually easy to see where you should have 
paid more attention and exercised more care, but it’s not so obvious while you’re 
developing the system. 
 
He suggests keeping requirements descriptions as simple as possible. Achieving this 
kind of simplicity isn’t enough in itself to reduce the faults in functional requirements. 
The difficulty is that requirements aren’t about the software but about the problem 
world, which is always potentially complex, even for a system whose software is 
itself quite simple. 
 
For an e-commerce system, the problem world is the business organisation, its 
customers, suppliers, warehouses, product and fulfilment subcontractors, the credit-
card companies and so on. The problem world interacts with the machine at the 
machine-world interface, where they meet. For the e-commerce system, they meet at 
the customers’ browsers and at the ports where electronic data interchange (EDI) 
messages are exchanged with suppliers and credit card companies. 
 
Jackson suggests that requirements engineering must focus on the problem world 
from two related perspectives.  
 
• Outer requirements describe the effects the stakeholders would like to experience 

in the problem world. The e-commerce customers want to be able to order goods 
and have the right ones delivered, and the company wants to manage its inventory 
efficiently and receive payment.  

• Inner requirements specify how the machine should behave at the machine-world 
interface to ensure that the whole system satisfies the outer requirements. 
Software design and programming make the machine behave this way, but 
choosing, designing and specifying the behaviour is the vital second part of 
requirements engineering. 

 
We distinguish inner from outer requirements because the stakeholder’s requirements 
are scarcely ever located at the machine-world interface.  His example is that the e-
commerce customer can receive the ordered goods only because the fulfilment sub-
contractor responds in a certain way to EDI messages coming from the e-commerce 
system. 
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Measurement11 
ISO/IEC 15939 (McGarry et al, 2002) is the standard that describes how to establish a 
measurement process. The principal steps (with a bit of extra advice on how to do 
them from me) are: 
 
Step 1:  Make it happen with commitment to the measurement process. Get everyone 
involved and make whatever tools and other necessary resources available. 
Step 2:  Plan the measurement process before you begin collecting data. What data is 
or could be available? Who provides it? What measures would tell you if your goals 
are being met? How will you decide if a measurement value is good or bad? What 
regular tasks will be needed to keep the measurement programme going? 
Step 3:  Go ahead and do it, making the process visible and relevant to daily work. 
Make sure people don’t have to worry about the measurement process being worked 
against them. It isn’t an extra task; it is part of the software engineering job. 
Step 4:  Use the results and do something different because of them. If you will do 
nothing constructive because you collected data, don’t collect the data in the first 
place. 
 
Kautz (1999) describes working with three small companies to make measurement 
meaningful by tailoring them to the organisation. [Although he describes them as an 
adjunct to SPI, some organisations adopt measurement as an independent exercise. 
M.S.] Kautz states that the key to acceptance of measurement is to keep them simple, 
tailor them to each organisation and ensure they produce valuable information. 
 
Grable et al (1999) had some observations about measurement in a big organisation. 
Small projects tried to use measurement and failed; as they describe it, the data 
collected was inconsistent, unreliable and incomplete. Then a grand master plan for 
measurement was put in place and cooperation, completeness and accuracy problems 
plagued the collection effort. Observations about the early efforts were: 
 
Neutral Positive Negative 
Most project engineers 
routinely collected some 
kind of tracking data, yet 
resisted the imposition 
of centralised data 
collection. 

Management and policy 
makers appreciated and 
used simple presentations of 
analysis results, such as pie 
charts or red-amber-green 
traffic-signal graphics. 

Project personnel expressed 
concern that the data 
collected would be used to 
assess individuals negatively.

 Measurement of an activity, 
initially at least, caused 
improvement as one might 
expect. 

Project leaders expressed 
concern about the time taken 
from software development 
activities to collect data. 

 Software cost models 
produced good estimates for 
experienced engineers, even 
when there were no grounds 
for validation. 

Project leaders expressed 
concern about how the 
collected data would reflect 
poorly on their projects when 
compared to the data from 
other projects. 

   
 

                                                 
11 When the committee was developing ISO/IEC 15939, we discovered to our surprise that there was no general agreement on the 
meaning of the word ‘metrics’. That word is not used in the standard. To be consistent with this international standard, in this 
paper the word ‘measurement’ is used even when the original author used metrics. 
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 Variations in measurement 
definitions made it difficult to 
get consistent 
measurements. 

  Variations in measurement 
definitions made it difficult to 
get consistent 
measurements. 

 
Illustration 2-22 Observations on meaurement programmes 
 
The response to these observations was to develop a simplified measurement 
programme and address the management issues head-on. This is good advice for 
anyone who wants to implement a measurement programme. 
 
Microsoft’s ways 
One question that arises in my classes and consultation is, “What does Microsoft do?” 
A short description of what has been written about Microsoft’s practices shows 
another alternative to the major models, but also shows how they are used when 
practical. Cusumano and Selby (1997) write about the ‘synch and stabilise’ model 
followed. They say that Microsoft’s philosophy for product development has been to 
cultivate its roots as a highly flexible, entrepreneurial company and not to adopt too 
many of the structured software-engineering practices commonly promoted by such 
organisations as the Software Engineering Institute and the International Standards 
Organisation. 
 
The essence is simple:  continually synchronise what people are doing as individuals 
and as members of parallel teams, and periodically stabilise the product in increments 
as a project proceeds, rather than once at the end of a project. 
 

 The Planning Phase is used to define product vision, specification, and schedule. 
 The Development Phase is used for feature development in 3 or 4 sequential 

subprojects that each results in a milestone release. 
 The Stabilisation Phase features comprehensive internal and external testing, final 

product stabilisation, and shipment. 
 
Throughout an entire project, the feature teams synchronise their work by building the 
product and by finding and fixing errors on a daily and weekly basis. At the end of a 
milestone subproject, the developers fix almost all the errors detected in the evolving 
product. These error corrections stabilise the product and enable the team to have a 
clear understanding of which portions of the product have been completed. 
 

 Divide large projects into multiple milestone cycles with buffer time (20%-50% of 
total project time) and no separate product maintenance group. 

 Use a ‘vision statement’ and outline feature specifications to guide projects. 
 Base feature selection and priority order on user activities and data. 
 Evolve a modular and horizontal design architecture, mirroring the product 

structure in the project structure. 
 Control by individual commitments to small tasks and ‘fixed’ project resources. 
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They end the discussion by saying that employing creative people in high-tech 
companies is certainly important, but directing their creativity is often more 
important. Managers can do this by getting development personnel to think about the 
features large numbers of customers will pay money for and by pressuring projects by 
limiting the resources, such as staffing and schedule, the company will invest in their 
development. 
 
However, all may not be rosy in Microsoft-land. A recent BusinessWeek online 
(2005) states that employees are frustrated with what they see as swelling 
bureaucracy, including the many procedures and meetings Chief Executive Steven A. 
Ballmer has put in place to motivate them. And they’re feeling trapped in an 
organisation whose past successes seem to stifle current creativity. “There’s a distinct 
lack of passion”, says one engineer, who would talk only on condition of anonymity. 
“We’re missing some spunk.” 
 
Grojean (2005) paints a slightly different picture of Microsoft. She recognises the two 
fundamental challenges to IT organisations:  ability to accurately predict a project 
schedule and the quality of the product when you are finished. 
 
Most organisations have a schedule and a fairly detailed plan, and generally their plan 
goes one of two ways:  either they have a development cycle followed by a test cycle 
where they expect the engineers to just fix bugs during the test cycle, or their plan has 
the engineers move on to developing the next set of features, setting aside a little time 
in case any bugs come up. In either case, the amount of time the engineer needs to 
spend regressing and fixing defects found by test is woefully underestimated every 
time. Additionally, once a product is released to the customer, management assumes 
the engineer is free to move on to the next project or cycle of the product. The plans 
generally do not consider that defects in the first release will take engineers away 
from their progress on the second release—this is how the vicious cycle begins. This 
indeed sounds a bit like Cusumano’s description above. 
 
Fundamental to all was the need to get developers focusing on features and design and 
delivering a high-quality product so that test can focus on performance, reliability, 
security and ensurinig the customer’s needs are met, not this finding-fixing-testing 
loop that exists today. 
 
To see if there was a better way, managers looked for more structure. When asked 
what challenges they faced once they made the decision to pilot or deploy PSP/TSP12, 
all the managers interviewed were senior enough that they understood that they 
needed to lead by example, and that executive support and involvement is the No. 1 
driver in project success. 
 
In addition to the challenge of getting the workers to look at the new processes as an 
improvement, there was the management challenge of convincing the business to take 
a four-week hit (for training and launching) with some sort of promissory note that it 
would be worth it in the end.  
 

                                                 
12 PSP®, the personal software process was developed by Watts Humphrey (1995) as a way for individual software developers to 
manage their time and the quality of their products better. TSP®, team software process was developed by the Software 
Engineering Institute (www.sei.cmu.edu). Official training for TSP requires preliminary training in PSP. 
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PSP/TSP turned out to be appreciated because earned value helps measure time all the 
way through the product development cycles, and people realised the importance of 
planning before design, design before code, code reviews and inspections, etc. They 
also started seeing little changes right away—a code compiles without defects (or 
many fewer than before) or a test was virtually defect-free, which is something they 
never believed possible before.  
 
Results of the first pilot included: 
 

 Ninety-six percent schedule accuracy—finished two weeks late with three weeks 
added features. 

 Delivered 1.36 defects/thousand lines of code (KLOC) to system test. 
 Huge improvement in partner satisfaction. Specifically, their defect removal 

profile of 12,253 had 921 defects removed before system test, with 9 during 
system test and 1 post-production. 

 
Other techniques 
A few other ideas have surfaced on ways to manage software better.  
 
Boehm and Huang (2003) report on a case study merging the kind of earned value 
management many of us have used with a similar business value model. The goal is to 
make sure that not only are tasks complete and within budget, but the business goals 
are being met as well as the technical goals. As a review of the earned value system: 
 
1. The project team develops a set of tasks necessary for the project’s completion, 

and associated budgets and schedules for each task. 
2. Developers assign each task an earned value (EV) for its completion, usually its 

task budget. 
3. As a project proceeds, the project team reviews three primary quantities at 

selected times T:  the budgeted cost of work scheduled (BCWS), which equals the 
sum of the earned values for all tasks scheduled to be completed by time T; the 
budgeted cost of work performed (BCWP), or project-level earned value, which 
equals the sum of the earned values for all tasks actually completed by time T; and 
the actual cost of the project through time T. 

4. If the BCWP equals or exceeds the BCWS, the project is on or ahead of schedule. 
5. If the BCWP equals or exceeds the project cost, the project is on or ahead of 

budget. 
6. If the BCWP is significantly less than the BCWS, the project cost at time T, or 

both, the project is significantly overrunning its schedule, budget, or both, and 
corrective action must be performed. 
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Illustration 2-23 Earned value feedback system 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Illustration 2-24 Value-realisation feedback process 
 
The quantitative part of this analysis includes the effects on the organisation’s profit-
and-loss bottom line, either in terms of additional profit streams or cost savings. The 
benefits analysis should also include a qualitative evaluation of benefits such as 
customer satisfaction, company reputation, and supply-chain controllability. 
 
The above article really drives to the heart of a serious problem we generally have in 
convincing all parts of the software community that there are good business reasons to 
improve the way software is managed. It isn’t always easy to follow the trail from 
technical improvement to business improvement.  
 
2.3.5 Conclusions about alternatives 
 
Agile/eXtreme, object-oriented, individual processes such as risk and project 
management—there are lots of  ‘silver bullets’, all of them having their own set of 
constraints to make them work effectively. SPI is only one of many options. 
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2.4 What SPI offers 
 
SPI has become popular with some because they believe the benefits will outweigh 
the costs. However, one of the most difficult aspects of this research will be to answer 
these questions: 
 

 How do you define benefits of SPI? 
 How do you determine if a company is successful, judged by a ‘universal’ 

standard that can apply to all organisations being evaluated? 
 How do you evaluate the ‘true’ return on investment (ROI) or business value, 

recognising that most firms are unlikely to have kept detailed data on exactly how 
their time and money have been spent? 

 
Some further concerns about looking at benefits are in the following list. Dedrick 
et.al. (2003) did a survey to see if there was any empirical evidence of improved 
economic performance when information technology (IT) was introduced. The survey 
was wide-ranging and looked at studies documented in a dozen peer-reviewed 
scholarly journals. They were looking at the basic investment in IT and I am looking 
at an overlay of software processes but some of their comments mirror my own 
research and experience with SPI.  
 
1. Costs of SPI have to include some more obvious activities like training, but also 

the costs of any business process reengineering and other more subtle changes that 
take place as part of the improvements.   

2. Productivity may be affected less by the presence or absence of a particular 
process or practice, such as Total Quality Management or one of the software 
standards, than by manner of implementation of the process or practice; 
particularly important is employee involvement in decision-making. 

3. A firm’s financial performance is determined by a wider-range of strategic and 
competitive factors than simply the state of software management. [The italics are 
mine because it is one of the most important factors to remember in my 
experience. M.S.] 

4. Most firm-level research has been based on large firms; it is more difficult to get 
financial data on small firms which are usually privately held; [although we did 
have local groups of big multi-national companies participating in some of these 
programmes, most were small to medium enterprises (SMEs) M.S]. 

5. Accurate recording of the benefits of SPI requires accurate measurement—it may 
be extremely difficult to get any quantitative measures. 

 
According to Hunter and Thayer (2001), data is now becoming available that makes it 
possible to investigate the premise that the quality of a software system is governed 
by the quality of the process used to develop and maintain it. Benefits that have been 
claimed for software process improvement include: 
 

 Improved control, predictability and effectiveness of the process 
 Increased product quality 
 Increased productivity 
 Increased staff morale 
 Increased customer satisfaction 
 Increased ability to meet budget 
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Messerschmitt and Szyperski (2004) say the most recognized return-on-investment 
drivers include the value to users; the cost of development, maintenance upgrades, 
and customer support; and the risks of project failure, budget overrun, and revenue 
shortfall.  
 
Richardson (1999) lists a potential range of tangible benefits from SPI: 
 

 Increase in productivity 
 Reduction in defects 
 Decrease in costs 
 Increase in on-line deliverables and project completion 
 Reduction in rework 
 Savings in test time 

 
Advanced Information Services, Inc (AIS) wrote a technical report for the SEI noting 
improvements which they are able to quantify (Ferguson et. al., 1999). They are a 
global software contracting company with a development group in India, but not a 
particularly large one, with 20-35 people in the development group at any one time. In 
1999 when the report was written, AIS had been assessed at CMM Level 3 plus some 
additional capabilities at Levels 4 and 5. This is an especially interesting case because 
they incorporated the Personal Software Process (Humphrey, 1995) into their 
improvements, as well as the CMM. AIS reports average schedule deviations 
(planned vs. actual) improved from 112% to 5%; Average effort deviations (person-
hours planned vs. actual) improved from 87% to –4% with a measurable gain in 
productivity as rework decreased. Most of all the SPI programmes led to a change in 
culture and personal attitudes—SPI became the way of life for everyone. 
 
Krasner (2001) summarised the payoff claimed by several organisations. Every 
organisation has its own environment to deal with and its figures are set within this 
context. I have no knowledge that they are correct or that any other organisation 
would attain them; they are presented only to show some of the benefits claimed by 
others and that some of these benefits may be attained by our target population. 
 
NASA  Systems Engineering Laboratory 

 Development error rates were reduced by 75% 
 The cost per software line of code (SLOC) decreased 
 Predictability of cost, schedule and quality improved 
 Reuse went from 20% to 79% on similar systems 
 Overall reduction of 55% in total software costs was realised 

 
IBM Federal Systems Company (then Loral and now Lockheed Martin)—Space 
Shuttle Programme 

 They have the ability to predict costs within 10% 
 Only one deadline has been missed in 15 years 
 They learned the relative cost of fixing defects ranged from 1x during inspection 

to 13x during system test and 92x during operation 
 Productivity 180-200 SLOC/man-month (MM); maintenance cost of ~ $20/SLOC 

(1/2 of the maintenance costs of other IBM software shops) 
 Early error detection went from 48% to 95% from 1982 to 1993 



 50

 Reconfiguration time (weeks) went from 11 to 5 weeks from 1982 to 1985 
 Product error rate (defects/KSLOC) went from 2.0 to .01 from 1982 to 1993 

 
Hewlett Packard Corporation 

 Corporate aggregate defects rate went from 1/KSLOC to 0.1/KSLOC from 1988 
to 1993 

 Inspections in widespread use are saving 5 hours per inspection on average (saved 
$20 million in last year alone due to inspections) 

 Average time to fix a defect was cut in half in one business unit 
 Time to market was reduced by 5x over a 5-year period in another business unit 

 
Raytheon Equipment Division—Software Systems Laboratory (now RES) 

 Rework was reduced from 40% of development costs down to about 10% 
 Productivity of the development staff increased by a factor of 170% 
 Predictability of project budget and schedule has been reduced from about 1.41 

(40% overrun on average) to a range of ± 3% 
 Product quality (defect density) went from about 17 to 4 software trouble 

reports/thousands of delivered source instructions 
 
These figures are representative of what others state they have accomplished. We may 
be able to get similar figures from our target population; however, that implies they 
have working measurement programmes and we will see if this is the case.  
 
2.5 Success and failure in SPI 
 
Productivity issues 
Groth (2004), talked to James Glen, senior economist at Economy.com—source of an 
article which claimed in October 2004 that productivity in the United States of 
America has decreased by 0.9% a year for the last five years. Whether productivity 
declined or not, he made the interesting comment that software productivity hasn’t 
made major strides over the last several years. He went on to say, ‘Software remains a 
very labour-intensive business. It is not like computer hardware, where overall 
performance and quality have continued to increase dramatically over time.’ 
Additionally, outsourcing hasn’t appeared to raise productivity. 
 
Eric Schurr, vice president of marketing for IBMs Rational Software Products group, 
disagrees. He claims several customers have talked about increased productivity 
thanks to the tools they now have available [from Rational, of course]. A further 
contributor, Per Blysa, vice president of product management at Telelogic says, “I’m 
not surprised by the numbers [on productivity decline]. For one thing, the complexity 
of applications has increased dramatically over the last five years, making it harder to 
be more productive. For example, in the telecommunications industry, a software 
developer we work with focused on newer technology, and their software complexity 
increased by a factor of 10. For another, software developers in the late ‘90s and early 
2000s have been rushing toward pushing development projects without any process. 
You definitely see exceptions to the rule, but there has been a pervasive attitude that 
process doesn’t gain you anything. Without process you won’t see productivity 
improvements. Almost simultaneously, you had the introduction of Web-based 
services with Java and a revolution in software outsourcing and simultaneous 
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organisational change. Both of these things increased software development 
complexity by a wide margin.” 
 
Clearly there is no consensus about whether productivity is increasing, decreasing or 
staying the same, or even how to universally measure productivity throughout 
different platforms, tools, process environments, etc.  
 
Other factors are involved in determining success and increased productivity. Most of 
us in the business recognise that the traditional line-of-code/hour or even the more 
specific Function Points/hour don’t really tell the story. Neither of these gives proper 
credit for reuse of software from libraries, use of standardised open source software, 
and most particularly, they are misleading in a maintenance environment where the 
skill and effort are as much in analysis as in actually writing code.   
 
Software Technology Transfer Finland (STTF) has specialised for several years in 
gathering data which has led to developing improved process and project management 
tools and training. Maxwell and Forselius (2000) used this data to develop a paper on 
benchmarking software development productivity. They suggest that a really useful 
measurement would somehow include the project’s size, functionality and quality. 
But such a measurement doesn’t exist yet, at least not widely recognised and used in 
the software industry. However, they list eight key productivity factors and grade 
them from very low to very high. For the sake of my research, the factor ‘standards 
use—quality of standards applied in the project’ is most interesting.  
 
They rate this productivity factor as:  
 

 Very low if the project manager has to develop standards during the project   
 Low if some standards are available, but not familiar; project manager must 

develop 
 Nominal if project members use generally known standards in known 

environment 
 High if project members use new standards, which other customers or software 

houses have applied in the same environment 
 Very high if project member use new standards, which aren’t familiar in the 

industry, but must be followed; use is controlled 
 
A lot of people, including myself, have written words about what environment needs 
to exist for SPI to succeed. Since process improvement changes the way people work, 
it is fundamentally as much a human concern as it is a technical one (Hutchings et. al., 
1993). The next several paragraphs detail various findings on what are the key factors 
for success. This is followed by some ideas on what can go wrong.  
 
Watts Humphrey (Humphrey, 1990) lists six basic principles for software process 
change and they all agree with the human concern expressed by Hutchings et. al.: 
 
1. Major changes to the software process must start at the top. Senior management 

leadership is required to launch the change effort and to provide continuing 
resources and priority. 
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2. Ultimately, everyone must be involved. Software engineering is a team effort, and 
anyone who does not participate in improvement will miss the benefits and may 
even inhibit progress. 

3. Effective change requires a goal and knowledge of the current process. To use a 
map, you must know where you are. 

4. Change is continuous. Software process improvement is not a one-shot effort; it 
involves continual learning and growth. 

5. Software process changes will not be retained without conscious effort and 
periodic reinforcement. 

6. Software process improvement requires investment. It takes planning, dedicated 
people, management time, and capital investment. 

 
Some of the following tips were included in our programmes, and later documented in 
the SPIRE handbook (Sanders, 1998): 
 

 SPI goals must be well understood and related to business and technical goals. 
 SPI requires teamwork 
 Senior management monitors and motivates 
 Technical staff must be involved 
 SPI responsibilities must be allocated 
 SPI people must be well-respected 
 Specific time and resources must be dedicated to SPI actions 
 SPI is a continuous process involving continual learning and evolution and will 

not be sustainable without conscious effort and periodic reinforcement. 
 
In addition, Sheard and Miller (2003) suggest that problems and opportunities for 
improvement should always be phrased in terms of costs—“How much operating cost 
is wasted when system test takes six weeks instead of one or two?” Bouldin (1989) 
was looking at the issues involved in implementing new technology, not just software 
processes, for improved productivity. She has an interesting set of questions to ask to 
help determine if the time is right for making a change: 
 
1. Is the organisation newly formed? 
2. Are the functions your organisation performs new to your corporation? 
3. Is your organisation growing at a reasonably rapid rate? 
4. Is your organisation responsible for the development of new systems? 
5. Is there a general attitude of optimism, and is morale high? 
6. Are your analysts and programmers utilising tools or methods that improve 

productivity? 
7. Does your management support the concept of productivity in any way? 
8. Is the staff experiencing motivation problems? 
9. Is your organisation responsible for mature systems that are primarily in a 

maintenance mode? 
10. Does your organisation have a backlog of user requests without enough resources 

to implement most of them? 
 
She suggests that if answers to most of the first five questions are ‘yes’, probably you 
should delay introducing productivity improvement measures. If you answer ‘yes’ to 
most of the last five questions, probably the time is right for improvements. I’m not 
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sure I agree with this completely but there are some interesting questions to think 
about including in some form in my own research.  
 
Brodman and Hannigan (2003) worked as consultant and client on a successful SPI 
programme. Lessons learned by the client included: 
 

 Use an internal expert or external consultant—someone to lead the way 
 Focus on configuration management early so process documentation is controlled, 

managed and accessible 
 Set reasonable expectations for success and for level of resources needed to 

achieve it 
 Try to keep going once you start to keep momentum and commitment  
 Don’t underestimate preparation time for an assessment (or audit) 
 Management commitment is key in resolving priority problems—process vs. 

project 
 Make sure policies, procedures and plans add value 
 Process improvement is continual and never ends 

 
Lessons learned by the Ericsson groups implementing SPI (Börjesson, A. and L. 
Mathiassen, 2004) include: 
 

 Focus on implementation, not just planning 
 Get serious commitment from key stakeholders 
 Establish the culture of improvement with motivation and commitment 
 Involve senior and middle managers 
 Implement a recognition and reward system for those who do improve and follow 

the new ways 
 Communicate in an active and supportive way 
 Iterate over and over again; the new process has to be put into practice and 

become the way of life 
 Expect chaos and be prepared to handle resistance and barriers to change 
 Focus on action, not words 
 Organise dedicated initiatives that solve specific problems 

 
Dorenbos and Combelles (2004) identify the following key success factors for process 
change: 
 

 Leadership has a vision of the benefit of change 
 All share the values of process change—what are we doing and why 
 Development teams—practitioners—must see the value in the change 
 Process engineers, and others, must expect the improvement process to be both 

iterative and interactive 
 Recognise that most problems relate to people, team and community culture and 

behaviour. 
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Even beyond key factors for success in process change (and hopefully improvement) 
are what makes IT people happy in the first place. Agarwal and Ferratt (2002) 
describe the IT profession’s unique characteristics as: 
 

 Rapid changes in technology 
 Periodic fluctuations in the labour market 
 Traditional IT environment which is being transformed 

 
In this environment, they undertook field work in 32 successful IT companies to 
construct a catalogue of “best of breed” recruitment and retention practices. In 
summary, these include: 
 

 Performance measurement systems 
 Compensation and benefits system 
 Work arrangements, interesting, new opportunities 
 Employability training and development 
 Longer-term career development 
 Opportunities for advancement 
 Opportunities for recognition 
 Quality of leadership 
 Sense of community 
 Lifestyle accommodations 
 Organisational stability and employment security 

 
[Nowhere do I see SPI mentioned but on the other hand, it isn’t specifically omitted 
either. M.S..]  
 
2.6 Implementing SPI 
 
Guerro and Eterovic (2004), writing about adopting the CMM in a small IT 
organisation, separated factors for success into two categories, environmental-
dependent and environmental-independent.  
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The following illustration shows this: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Illustration 2-25 Process improvement success factors and their relationship to 

the organisational environment 
 
Börjesson and Mathiassen (2004) say:  Measure SPI success through implementation 
success—what SPI led to actual change in practice? They analysed eighteen SPI 
initiatives at Ericsson to see how they fared. Time-keeping data was used to determine 
number of weeks, person-hours and participants for each project. Projects covered 
various improvement areas. They grouped the projects as follows: 
 
 
 
 
 
 
 
 
 
 
 
 
 
Illustration 2-26 Four roads to process implementation 
 
The seven Dead-end Street initiatives focused on the process itself—specifically on 
process definition and specification. They targeted several of the company’s units but 
then were often hard to apply because too many compromises had to be made. Few 
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resources were made available to enable the process engineers to integrate with the 
different engineering cultures which had different needs and backgrounds. 
 
The Country Road initiative targeted a specific project’s engineering practices. The 
process engineers worked in the project and understood that particular set of culture 
and practices. However, the practitioner commitment and motivation were weak. This 
combination of high process push and low practice pull can work but it is slow and 
likely to be less than totally satisfactory. 
 
The three Crossroads initiatives targeted several company-level units with similar 
requirements. The practitioners understood the need for the new processes and were 
committed to using them, but the process engineers had not allocated sufficient time 
and resources to help them through the improvement process. 
 
The seven Highway initiatives targeted practices in a single unit or project. The main 
focus was on solving problems identified by the software practitioners themselves. 
Both they and the process engineers were committed and time and resources were 
allocated. These initiatives were also the only ones to have more than one process 
improvement cycle, using the SEI’s IDEAL13 model. The five steps of IDEAL are:  
Initiating, Diagnosing, Establishing, Acting, Learning, the last action being, propose 
future actions. Every Highway initiative had at least three full cycles; most had four. 
This meant the improvements were analysed and followed long enough to become 
institutionalised. In other words, they stuck. 
 
Bouldin (1989) provides some simple rules for establishing processes and standards: 
 

 Provide opportunities for collective inputs, not edicts. 
 Build on existing standards. 
 Enforce the standards. 
 Never set a standard before its time. 

 
The most common mistake is too much too soon—people don’t understand it and 
can’t follow it. She suggests a few things to look at to see if you are improving: 
 

 Status reports showing improvements 
 Significant numbers 
 Trends 

 
Richardson and Ives (2004) note that four key organisational processes must be in 
place for a successful IT development environment: 
 

 Business alignment to ensure that the organisation meets its objectives 
 Implementation to install the new system into the working environment 
 Technical work to construct the new systems 
 Project management to oversee the management and administrative tasks required 

to ensure proper co-ordination 
 

                                                 
13 © 2003 Carnegie Mellon University 
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Reread these words, thinking about implementing SPI. These points are just as valid, 
particularly the first one—understand how the improvements you want to make will 
help you meet your business goals. 
 
An additional component can be training. Devaraj and Babu (2004) assert that 
organisations increasingly recognise that formal training is critical not only to the 
success of their software professionals but also to their competitive position in the 
marketplace. They go on to suggest that a key objective of training programmes is to 
help participants develop mental models into which they can place learned concepts. 
Chen et.al. (2003) raise it another layer to say:  organisational learning is as important 
as positive cash flow for an organisation’s survival in today’s global market. They go 
on to say that organisational learning depends on the quality of the mental models of 
its members and the degree to which they share these models. The quality of the 
mental models is judged by how well the models represent business reality. 
Organisation-wide models reflect the general understanding of a business—its vision, 
purpose of operations, environment in which it operates and corporate culture and 
values. 
 
In the vernacular, we all have to be singing from the same hymn sheet to build a 
strong base for organisational learning for SPI, or any other process for change. If we 
aren’t, changes in the organisation are going to be difficult, if not impossible. 
 
In my experience, SPI, particularly as it has been incorporated in the CMM, is seen as 
the ‘silver bullet’ by many organisations. However, Harrison (2004) notes that if 
organisations eliminate overruns as they progress up the process maturity ladder, it 
might simply be because in the process of increasing their maturity, these 
organisations simply become more aware of what they know. It might be that it isn’t 
changing the process, but the deeper understanding of how their organisation works 
that yields the gain. We’re admonished to begin every process improvement effort 
with a baseline measurement. Perhaps we can gain much of the process improvement 
benefit (at least with regard to schedules and predictability) by stopping there.  
 
According to de Vreede et. al. (2003), many things can go wrong with a ‘silver 
bullet’. This particular article was discussing group support systems and how they can 
fail to live up to the advertised potential, but the described potential problems could 
be applicable to many improvement processes. This is an adaptation of the table of 
potential problems as they might apply in an SPI environment. 
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Nr Description 
1 Problems with process design 
 1.1 Inarticulate process, difficult to explain in context of work 
 1.2 Unbalanced agenda with too much time spent on less relevant activities 
 1.3 Insufficient time for learning, discussion and adaptation built into process 
2 Problems with goals 
 2.1 Goals poorly defined by process owners 
 2.2 Process owners do not understand participant’s perception of goals and 

problems 
 2.3 Participants are misinformed about the true purpose of the SPI activities 
 2.4 There are conflicting expectations and goals in the group 
 2.5 There are conflicting perceptions of the need for the improvements 
3 Problems with technology, standards or other framework within which 

improvement takes place 
 3.1 Technology or methodology breaks down or simply doesn’t work within 

the environment 
 3.2 Technology or methodology distrusted by group members  
 3.3 Technology or methodology disliked and by-passed by group members 
4 Problems with participants 
 4.1 There is conflict between experts in various domains 
 4.2 Key stakeholders are not involved, supportive and participating 
 4.3 Conflicts and politics in the group are not recognised and dealt with 
5 Problems with facilitator (Champion, Quality Manager, etc.) 
 5.1 Facilitator has poor personal skills 
 5.2 Facilitator is inexperienced or incompetent 
 5.3 Facilitator cannot get the group moving together in the right direction 

 
Illustration 2-27 Potential problems that might appear in SPI implementation 
 
Hantos and Gisbert (2000) look at the barriers slightly differently and simplify them 
into: 
 

 Cultural issues 
 Ownership of newly implemented processes 
 Implementation strategies such as balancing top-down vs. grass-roots efforts  
 Resistance to corporate-level, software process improvement initiatives 

 
Bouldin (1989) also points out that practitioners tend to have negative attitudes to 
standards because: 
 

 Data processing professionals take pride in their creativity, and thus conforming to 
standards is offensive to them. 

 Adhering to standards entails substantial extra work on the part of already 
overworked people. 

 Since names and methodologies may already exist, the extra work may take the 
form of redoing work already completed. 

 We resent the possibility of some authority arbitrarily imposing standards. 
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Zahran (1998) has his own list of failures: 
 
Source of failure Possible causes of failure 
Sponsorship  Short-term commitment 

 Unrealistic expectations 
 Belief in ‘silver bullets’ 

Culture  Under-estimating the power of status quo 
 Assuming that changing the culture is a trivial matter 
 ‘Undiscussable’ assumptions, ‘sacred cows’ 

Transition  Lack of planning the transition, ‘hope rather than plan’ 
 Lack of managing the transition 
 Expecting short-term results, ‘demand immediate productivity 

increase’ 
 Lack of linking rewards to the new behaviours 

Resistance to 
change 

 Not recognising resistance, ‘forcing resistance underground’ 
 Ignoring/denying feedback you don’t want to hear 
 Not involving people who will have to change 

Change agent  Being alienated from the organisation 
 Taking setbacks personally 
 Working harder rather than smarter 
 Committing to aggressive, optimistic schedule 

 
Illustration 2-28 Zahran’s list of what can go wrong 
 
Manring (2003) used Beowulf, the Scandanavian adventure saga, to investigate 
organisational change, whether focused on people, structure, processes or technology, 
and found that it is inextricably linked with culture change. Given the rich scholarly 
knowledge about organisational change, the advice about creating lasting change by 
using the handle of corporate culture is simplistic and misleading. The paradigm that 
creates lasting organisational change is a process of fostering the conditions for 
ongoing continuous change within a well-ordered, clearly articulated framework of 
core values and guiding principles that is nurtured and sustained by dialogues with all 
organisational subcultures.  
 
Reality is different for each of us, and so, to describe an organisation is like trying to 
describe a cloud in the sky. The description depends on our place and angle of vision, 
and whether we are above or below, inside or outside of it. The function of 
organisational leadership is to make sure that patterns which form the holographic 
image are in place, in the forms of established principles, values and guiding 
assumptions. The fundamental distinction here is that order is different from control. 
 
Grendel is the force, expressed as fear and resistance, which desires to prevent 
planned change. Grendel’s mother is the mother of all negative attitudes and 
behaviours toward change that are manifested as fear and resistance. Manring (2003) 
lists some negative factors that might increase organisational unrest and politics in the 
face of change: 
 

 Climate of low trust 
 Role ambiguity 
 Unclear performance evaluation system 
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 Zero-sum reward allocation practices [only so much money to go around so if one 
person gains, somebody else loses; this is the normal practice in large 
organisations for which I have worked in the United States. M.S.] 

 High pressures for performance 
 The structure of rewards and punishments 
 Organisational tolerance for risk vs. uncertainty avoidance 

 
Two other factors that may be less intuitively obvious than the above include 
acceptance of conflict and democratic decision-making. When a planned change 
intervention is introduced, the senior management team responsible for the change 
programme is focused on implementation. However, the rest of the organisation is 
more or less focused on ‘me’ issues such as, loss of the familiar, loss of security, 
possibly loss of face and other losses, sometimes too difficult to manage. These issues 
must be addressed before any changes will actually go through the implementation 
process. 
 
Farhoomand and Drury (2002) state that information technology is expected by 
corporate management to improve the productivity of knowledge workers, enhance 
the quality of their work lives and improvement managers’ decision-making skills, 
along with the bottom line. However, the organisational capacity for producing 
information far exceeds the human capacity for processing it. This is one of the 
biggest problems, real or perceived, in implementing standards in most organisations.  
 
Zhiying (2003) wrote an interesting article comparing our computer-driven lives to 
Eastern thinking, comparing the [potential] perfection of computers to our imperfect 
selves, pointing out that SPI in an uncertain context requires insight, understanding 
and a spirit of risk. In some cases the CMM is blamed for engineering failure because 
in a changing environment we may need to drop back until the environment is stable 
again. In this sense, improvement can be bi-directional. In successful development 
projects, developers identify characteristics of projects and contexts, and vary their 
approach accordingly. This would of course lend itself to a continuous model, like 
SPICE, rather than a staged model, like the CMM we used in SCATE. 
 
Recent CMM failures might be explained by people hindering their problem-solving 
ability by repeatedly trying to solve a problem using an approach that was successful 
in the past. In rapidly changing situations, flexibility for alternate approaches is more 
effective. The CMM must be enriched from outside the CMM arena. I would add to 
this, so must ISO 9000 or any other standard.  
 
When the standards fail, in my experience it is usually because the actions have 
become rote, with no thinking behind them on what is the right thing to do in the 
current circumstances to solve the problem in hand. 
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Galpin (1996) looked at the human side of change and developed this wheel of change 
where: 
 
1-5 Primarily strategic change—what to do at organisation level 
6-9 Primarily grassroots change—do it at local levels 
 
He lists communication fundamentals: 
 
1. Messages should be linked to the strategic purpose of the change initiative. 
2. Communications should be realistic and honest. 
3. Communications must be proactive rather than reactive. 
4. Messages should be repeated consistently through varying channels. 
5. Avenues of two-way communication are needed to help ensure successful 

implementation of the changes (feedback mechanisms). 
 

 
 
Illustration 2-29 Wheel of change 
 
He also suggests some rules for effective goal setting: 
 
1. Keep it short and simple. 
2. Create goals that are in line with goals developed at the strategic change level. 
3. Make goals achievable. 
4. Make goals challenging. 
5. Involve the team in the goal-setting process. 
6. Set a time limit. 
7. Establish right away “What’s in it for me”. 
8. Clearly communicate the change goals. 

1 Establish the 
need to change

2 Develop and 
disseminate a 
vision of the 
change 

3 Diagnose/ 
analyse the 
current 
situation 

4 Generate 
recommendations

5 Detail 
recommendations

6 Pilot test 
recommendations 

7 prepare recom-
mendations for 
rollout 

8 Roll out 
changes 

9 Measure, 
reinforce and 
refine changes 

Ongoing 

4 – 6 months 

1 – 2 months

4 – 6 months

4 – 6 months 



 62

 
The following illustration is good for implementing changes of any kind, particularly 
SPI. It was developed by Lund (1999) as part of an European System and Software 
Initiative (ESSI) project to help implementers of PIEs to understand how to proceed 
with the work, and just as importantly, how to end one project before beginning 
another. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Illustration 2-30 Overview of the PIE approach developed in Iceland 
 
This is a particularly good model because it includes not only the activities to be done 
as part of planning and implementation, but it emphasises the need for motivation, 
through support of a champion and dissemination of information about the 
improvements made. This type of model fits well with the types of SPI programmes I 
am investigating. Each of them focused on very specific improvements—including 
the ISO 9001 programmes—rather than a “be at CMM level 2 in 18 months” type of 
overall improvement programme.  
 
Fitzgerald et. al. (2003) describe how Motorola in Cork has merged several ideas and 
created an flexible development process which can be adapted to local projects, yet 
meet organisational standards. 
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Illustration 2-31 Tailoring the software process at Motorola Cork 
 
The above referenced article is just talking about the software development process 
used, not the extensive work with CMM as a vehicle for software management 
process improvement. This is more elaborate than smaller organisations might need 
but might be very suitable for any large organisation which, for example, has multiple 
customers with some local standards or software processes which must be followed in 
addition to the corporate processes. Allied-Signal had twelve divisions developing 
and maintaining software for dozens of customers, most with their own individual 
contractually-required software standards or models. This is similar to the corporate 
process we developed, based on CMM Level 3 and ISO 9001, which could be tailored 
as needed and adapted to local contractual requirements. 
 
One-dimensionality is described by Richardson (1999) as no discussion nor indication 
as to how the implementation of a particular practice might affect other base 
processes within the organisation. 
 
Richardson references a Framework for Change Management that looks like this: 
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Her proposition is that pressure for change and actionable first steps can be made 
available to the small company by the provision of both: 
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 Appropriate improvement model 
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Richardson proposes that for maximum effect in a small company, an improvement 
model should display the following characteristics: 
 

 Relate to the company’s business goals and focus on what is important 
 Focus on the most important software processes 
 Propose improvements which give maximum value for money 
 Propose improvements which have maximum effect in as short a time as possible 
 Provide fast return on investment 
 Be process-oriented 
 Be flexible and easy-to-use 
 Relate to other software process models 
 Demonstrate multi-dimensionality 

 
From my own experience, I would add another thought:  visualisation is very 
difficult—but required—for change of any kind. Some completely un-software 
examples:  
 

 A program on BBC 1 is called What Not to Wear. Each week the moderators 
convince people they could look a lot better than they do if they had a new type of 
wardrobe. Whether or not one believes this, one of the hardest parts of the 
conversion is to get the victims to believe they can look different at all. Our 
mental models are difficult to change. 

 Anyone with a sloppy family member (particularly male) knows that part of the 
problem of getting them to pick things up is they simply can’t see any benefits 
that are worth the bother and they can’t see that things would be better if they did. 

 To use an analogy of getting dressed for work in the morning—the most organised 
person has all clothes washed, ironed, dry cleaned for week, laid out in the 
morning, ready to put on. The lowest level of organised person has clothes dirty, 
unkempt, lying around on the floor with no idea what to wear until something is 
found. In all likelihood, neither type of person can visualise what it is like to be 
the other. 

 
With respect to the last bullet, Mogilensky and Rifkin (2002) wonder if the exterior 
views of an organisation can predict their level of CMM assessment. Mogilensky, a 
well-known and experienced CMM assessor, observes reactions of local organisation 
personnel varies greatly by the maturity of the organisation. 
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Level 1  There is a repeated assertion the local people know more than the brought-

in assessors 
 Local people have great difficulty establishing a stable schedule because of 

a constant response to urgency 
Level 2-3  Almost all participants are right on time, those who are late apologise 

profusely 
 Participants explain processes with pride and enthusiasm and are confident 

in their value 
 Team members ask many questions, work to resolve confusions and doubts 

quickly 
Level 4-5  Mini-teams look for opportunities to get ahead of the work plan (e.g., start 

preparing their draft findings early 
 During discussion sessions, a causal analysis session spontaneously breaks 

out 
 
Illustration 3-32 Possible behaviour patterns 
 
Rifkin then goes on to match these observations to a theory of action which explains 
it. Neither is saying it as fact; both are indicating this is an area for research. It is only 
quoted here as an example of visualisation difficulties for the reader to contemplate: if 
this is true, is it likely someone confident of working in Level 1 to whatever urgent 
event is happening right now would feel immediately comfortable working at Level 4-
5 where planning is important? 
 
2.7 Observations on training 
 
Developing training programmes is interesting and fraught with difficulties at times. 
As stated by Hutchings et. al. (1993), frequently courses don’t take into consideration 
the work situations of the students, and in the case of public training, one wouldn’t 
usually be able to understand those work situations. Although technical knowledge 
may be successfully gained in the classrooms, the degree to which it is applied on 
return and integrated into one’s group varies. So while individual training may be 
informative and raise awareness of the issues, it is seldom the key to lasting change in 
an organisation. For example, Nelson et. al. (1995) indicate that while in 1995 more 
than $5 billion was spent by U.S. companies on end-user training, there was little 
evidence of verifiable returns or of effective results. My experience agrees with them 
also in that inputs into the training process are often not systematically identified 
while outputs of the process are often not systematically evaluated. 
 
There were variations in the patterns of the programmes I’m researching: 
 

 Ways knowledge was transferred—training, training + consulting, consulting 
 Focus of the knowledge transferred—important to an individual, a team or an 

organisation 
 Focus of the people to whom the knowledge was transferred—individual, team 
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Any of these variations could have affected the benefits gained from the programmes. 
However, there was a pattern to the order in which the programmes were offered. The 
E.C.-sponsored programmes were a long-term process of instilling good software 
practices into European companies. If we look again at the timelines of the various 
programmes, we can see the learning curve of the programmes, how each event built 
on the ones before. 
 

 ESPITI events (1994-1996) were designed primarily to raise awareness in 
software companies. All but one of the events in Ireland was a once-off panel 
discussion, training session or workshop (ESPITI—The Complete European guide 
to the Initiative, 1995). ESPITI was also designed to subsidise training so that 
even very small companies could take advantage of it. However, it soon became 
apparent that smaller companies need a more direct approach with more help, so 
other types of programmes were developed. 

 ISCP [part of ESPITI] (1995-1996) was very focused training and consulting with 
the same objective for every organisation that took part in the cluster groups of 
companies—to develop a quality system that was compliant with ISO 9001 and 
enabled the company to become ISO 9001 certified after an audit by an external 
auditor. 

 SCATE (1997-1998) was the same type of cluster training but using the CMM as 
a model, with each organisation developing its own local projects to apply what 
was learned in class. 

 TRI-SPIN (1995-1996) was the first of the Irish programmes to have consultants 
going into companies to solve individual problems, not using any particular 
standard or model. 

 PIEs (1996-1999) were the same type of work with generally bigger projects and 
larger expected gains. 

 SPIRE (1997-1999) was really a follow-on from the PIEs, to go back to smaller 
projects but this time with a particular standard, SPICE, used for assessments 
before and after improvements. 

 
Illustration 2-33 Timelines for training and consulting programmes 
 
From the initial awareness-raising training sessions, a facilitator of some kind was 
included in each of the programmes. We were called by different terms—mentor, 
tutor/trainer, consultant—but our role was always that of change agent as described 
by Hutchings et. al. (1993) to assist the student to immediately apply new learning to 
their real world situation, encourage them and provide counsel and feedback. I expect 
to look for these benefits of adding a facilitator (at different levels): 

1994 1995 1996 1997 1998 1999
ESPITI    
ISCP
SCATE
TRI-SPIN
PIES
SPIRE
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 Improved understanding and confidence on the part of the students as they 
implement new ways of working 

 Minimised risk of inappropriate application of faulty practices  
 
It will be interesting to see the differences (if any) between ISCP and SCATE clients. 
ISCP had more emphasis on the formal processes and regular interaction with a 
tutor/trainer, but SCATE had more emphasis on the process of implementation and 
people working together to accomplish it. 
 
The next illustration is of a content levels framework for training needs assessment 
that is based on previous work by Ostroff and Ford and discussed by Nelson et. al. 
(1995). This looks at the programmes in a different way—not who was involved on 
the training or consulting side, but who was involved on the learning side and at what 
level were they taught. I adapted this concept to fit the circumstances of our training 
programmes and clients, and also my own experiences as an employee and team 
member. 
 
  Content of 

training 
 

Level Person Task Organisation 
Individual job level Personal skills Individual task 

oriented skills 
Integration of the 
individual’s job to 
the organisational 
goals, values and 
needs 

Project or depart-
ment group level 

Team member skills Localised project 
tasks and processes 

Integration of group 
activities and 
achievements with 
the greater 
requirements of the 
organisation 

Organisation level Organisation 
understanding 

Organisation 
components and how 
they interact 

How to contribute to 
meeting 
organisational goals 

  
Illustration 2-34 Content levels of training 
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If we look at where each of the SPI programmes concentrated, we see the following 
pattern of where what training content was included: 
 

Content Person Task Org Person Task Org Person Task Org 
Level Individ Project Org Individ Project Org Individ Project Org 

ESPITI 
training 

         

ISCP          
SCATE          
TRI-SPIN          
PIEs          
SPIRE          
 
Illustration 2-35 Content levels of E.C.-sponsored programmes being 
researched 
 
It is also probably worth noting what I and other consultants like me actually did in 
these improvement programmes. As Brodman and Hannigan (2003) describe quite 
clearly, the role of an SPI consultant can have many aspects: 
 

 Understand the organisation:  culture, knowledge of SPI, current status of 
software processes, types of projects and workload, corporate and software goals 
and expectations, level of senior management support, determined through 
assessment or audit 

 Determine optimum route for achieving goals:  appropriate type of assessment or 
audit, how to guide, plan and track the SPI effort, what level of action plans and 
improvement projects, how much existing documentation to use, what level of 
improvement is desirable and practical, what training needs to be provided when  

 Aid organisation to reach its goals:  guidance in understanding and improving the 
software processes, attendance at improvement team meetings, review of 
documents, tracking of activities and software products 

 
Also, Vonderheid (2004) describes essential elements for a mentoring process to 
succeed: ground rules for the mentoring relationship and an atmosphere of 
constructive criticism. We tried to make sure that both of these were incorporated in 
the SPI programmes in question. 
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Chapter 3 Research methodology 
 
3.1 Overall view 
 
This qualitative action research will be a mixed approach of using several methods 
(supervised self-assessment, possibly a supervised SPICE PC-based assessment, one-
to-one interviews). It is a descriptive study to produce information on groups and 
phenomena that already exist (Fink, 1995b). 
 
 
 
 
 
 
 
 
 
 
 
 
 
Illustration 3-1 Planned research for gathering data on improvements 
 
An auditor or assessor reviews physical documents to gather qualitative and 
quantitative data about what exists, and interviews people at all levels to find out their 
responsibilities and their beliefs about the software processes and activities being 
used. This research is structured to follow a similar approach, beginning with a 
questionnaire and interviewing, and where warranted because improvements are 
claimed, going on to assessments using a PC-based tool.  
 
To eliminate bias due to poor selection, the following eligibility screen was chosen 
(Fink, 1995b): 
 

 Organisation took part in one or more of the improvement programmes described 
in Chapter 1 

 Organisation located in Ireland 
 Organisation wants to take part and is willing to sign paper committing them to 

whole programme (recognising this is not legally binding) 
 
All organisations that fall within these parameters will be approached if they are still 
in business and their current information is available. Because it would be difficult to 
sort out benefits that can be assigned to the programmes being studied vs. any 
additional training or consulting organisations had, the research is looking at past 
improvements, current environment for software and plans for the future. Since these 
E.C.-sponsored programmes were the first step on the improvement ladder for nearly 
all the organisations involved, a case can be made that the programmes achieved their 
goal of encouraging a ‘culture of improvement’ for those that participated even if 
improvements can’t be tied to a specific programme. 
 

Preliminary letter to all participating locatable Irish organisations

Interested companies to complete assessment 
questionnaire with me asking questions 

Subset of these for personal, 
detailed assessment and 
interviews

Employees to see 
what processes are 
followed 

Managers to see how 
institutionalised the 
processes are 

Follow-up with personal contact 

Small pilot project with 2-3 
companies to test process 
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3.2 Process to follow and expected dates 

 
Illustration 3-2 Research schedule  
 
Following the excellent suggestion of Oppenheim (1966), the research plan was 
developed by starting at the back and working forward: 
 
Conclusions  

results to give the conclusions  
data needed to get the results  

collection method to get the data 
 
The tasks to accomplish this are described on the next pages. 

PhD Project plan 21/10/05
J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D

PHASE I, preliminary research x x x x x x x x x x
1a. Non-client research tasks x x x x x x x x F
Develop criteria for and select 
SPICE tool F
Develop SPICE profile (CMM, 
ISO 9001, SPICE) of 'good 
practice' x x x F
Conference paper 1 presented in 
April x x F
Learn to use SPICE tool x x x x x x x x F
1b. Client pre-research tasks x x x x x x x x x x x x
Update database:  name, contact, 
former contact, evolution as 
printed x x x x x x x x x x x x
Document early short-term 
benefits as printed x x x x x x x x x x
Finish with profile of client then 
and now x x x x x x x
1c. Client pre-interview tasks x x x x
Develop cover letter F
Develop questionnaire x x x x x F
  Select target population x x x F
Develop contact process x x F
1d. Develop model structure    x x x x x x x x x x x
Develop SPICE profile vs. 
expected technical and business 
benefits   x x x x x x x x x x x
Journal paper 1 submitted x x x x F

Conversion from Master's to PhD X
Report with results and plans x x x F
Presentation F

PHASE II, client field work   x x x x x x x x x x
Send initial letter x
Pilot project  x x
Second letter to organise 
assessment  x
Longer questionnaire, 
assessment  x x x x x
Comparison of results x x x x
Conference paper 2 on 
questionnaires, models    x

PHASE III, analysis, validation 
of model x x x x x x x x
If the pre-defined models don't 
reflect reality, why not? x x x x x x x x
If the model didn't yield the 
expected benefits, why not? x x x x x x x x
Journal paper 2 x x

PHASE IV, dissertation       x x x x x x x x x x x
First draft x x x x x x
Write-up x x x x x x
Viva  x
Final thesis        x x

2005 2006 2007
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Phase I, preliminary research 
 
1a. Non-client research tasks 
 

 Develop criteria for and select SPICE-assessment tool 
 
After evaluating several SPICE-assessment tools for the right combination of 
manageability, modifiability, usability, availability and price, the STEP tool 
developed in South Africa was chosen. Output from the assessments can be kept in 
the STEP formats or downloaded as a Microsoft Word or Excel file, or as a FoxPro 
database. The SPSS statistical package can read files of any of these formats for 
statistical analysis of the data. Thus all data from interview and assessment can be 
evaluated together. 
 

 Develop SPICE profile (including CMM, ISO 9001, SPICE) of 'good practice' 
 
One of the concerns has been how to compare companies that followed different 
standards or none—what is a basic model of process improvement that could be 
applied to a company following ISO 9001 and another one following the CMM, for 
example? 
 
One potential solution to all these questions was to create a basic SPICE profile; 
SPICE is designed to be a framework for other standards. (See Annex C.) All the 
Level 2 and some of the higher-level CMM processes are included in it, as are most of 
the software-related ISO 9001 processes, making allowances for the different wording 
of the language. If the self-assessment questionnaire indicates that the organisation 
believes it has improved, a SPICE assessment will enable quantification of the current 
environment. If the organisation believes it has not improved, the choice would be 
theirs on whether or not it is worthwhile to have a SPICE assessment.  
 
Mark Paulk (1994) wrote a detailed comparison of the CMM and ISO 9000; similarly 
he wrote a comparison of CMM and SPICE (Paulk, 1999). Part of the research was 
validation of Paulk’s comparisons and development of a basic model of good practice 
that could be useful with any of the three standards in question, or by an organisation 
that doesn’t want to follow a standard but wants to understand and apply good 
practice for software management. 
 
The SPICE profiles created for these selected organisations can be matched against 
the model profile for evaluation, with special emphasis on areas where the 
organisations intended to make improvements.  
 

 Conference paper 1 presented in April at the SPICE User Group 
 

 Learn to use SPICE tool 
 
This is a continuing activity. The basic assessment and tool modification activities are 
quite straightforward and should pose no difficulty. STEP is designed to allow the 
user to look at the results of one assessment or a group of assessments and is generally 
quite flexible in modification and use. 
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1b. Client pre-research tasks 
 

 Update database:  name, contact, former contact, evolution as printed 
 Document early short-term benefits as printed 
 Finish with profile of client then and now 

 
These three tasks are ongoing. Some past information is known because some 
companies wrote case studies for publication or made presentations at some venue. 
By searching the web and using sources such as the Irish Computer Society company 
directory, current status of companies is being collected. All company data is being 
recorded using these fields: 
 
- Unique identifier for each company which will also be used in the statistical 

analysis of the data 
- Company name, which will be known only to me in reporting the results of the 

research 
- At time of the SPI programme 

Address, contact, name and position, phone number/fax/e-mail 
- Current information 

Address, contact, name and position, phone number/fax/e-mail 
- Programme(s) in which company participated (ISCP, SCATE, TRI-SPIN, PIE, 

SPIRE, ESPITI) 
- Business sector 
- Application area for improvement 
- Key words 
- Technologies/methodologies/tools 
- Printed information available 
 
Much printed information exists for some companies; none at all exists for others. 
Some web sites open the door and introduce the viewer to everyone in the company; 
some don’t share anything about the organisation or its people and some companies 
don’t have web sites at all. Therefore, the available information about the companies 
being researched is variable. 
 
The intent is to create for each organisation a profile of as much as we know about the 
past and as much as we can gather about today. This will serve as a background for 
the interviews and assessments, and as a refresher for those who weren’t there then. 
 
1c. Client pre-interview tasks 
 

 Develop cover letter (see Annex A) 
 
In an attempt to get more companies interested in participating in this research, the 
letter is designed to get the attention of the reader. It may be somewhat unorthodox, 
but hopefully it will get results. 
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 Develop questionnaire (see Annex B) 
   
This questionnaire has been reviewed by statistician Dr. Jean Saunders and 
researchers Han van Loon, Dr. Ita Richardson and Dr. Fergal McCaffery. Their 
comments have been incorporated in the questionnaire. All initial questions have been 
adopted from other questionnaires used on past projects. In some cases, the wording 
has been modified to suit this research.  
 

 Select target population 
 
The total possible set of companies is unlikely to be available for this research. Some 
will be out of business, some might not be in the same business—any number of 
issues might arise. The target population will include all that are still appropriate for 
the research. 
 

 Develop contact process 
 
The contact process is simply to:  
 
1. Take the contact information 
2. Use phone calls to reach the quality or software manager 
3. Establish any interest in the research 
4. Send the initial cover letter 
5. Make appointment for interview 
 
What needs to be developed is a script for the telephone interviews to make sure the 
correct information gets transmitted in the most scholarly and professional manner. 
 
1d. Develop model structure 
 

 Develop SPICE profile vs. expected technical and business benefits 
 
This will be very difficult to develop by relying on research of others. Most 
improvement figures look like this from Master Systems (http://www.master-
systems.com/SPI_ROI.ivnu): 
 
   Total cost (US$ 000) Defects 
SEI 
Level 

Calendar time 
(months) 

Effort 
(person 
months) 

Median Lowest Highest Discovered Shipped 

I 29.8 593.5 5,440 1,786 101,721 1,348 61 
II 18.5 143.0 1,311 962 1,732 328 12 
III 15.2 79.5 728 518 933 182 7 
IV 12.5 42.8 392 279 502 97 5 
 
Illustration 3-3 Project results by SEI level  
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Or from the NSAI , 
 
ISO 9001 certification will drive continual improvement and contribute to: 
 

- Improvements in “bottom line” profit through: 
 

Better efficiency 
Continual improvement 
Less waste 

 
- Consistent and effective control of key processes  
- Promotion and standardisation of good working practices 
- Provision of a vehicle for training new employees 
- Effective management of risk and the reduction in crisis management 
- More effective data analysis, generation of key performance metrics and continual 

improvement objectives 
- Greater emphasis on communication, leadership, change management and adequacy 

of training 
- A planning and review process which will endure that the system in place remains 

suitable, effective and capable of identifying new opportunities 
- Effective remote site management, accountability and contractual control 
- World-wide recognition 

 
 
Illustration 3-4 Claimed ISO 9000 benefits 
 
And as a repeat from the literature search: 
 
 
Advanced Information Services, Inc (AIS) wrote a technical report for the SEI noting 
improvements which they are able to quantify (Ferguson et. al., 1999). They are a global 
software contracting company with a development group in India, but not a particularly large 
one, with 20-35 people in the development group at any one time. In 1999 when the report 
was written, AIS had been assessed at CMM Level 3 plus some additional capabilities at 
Levels 4 and 5. This is an especially interesting case because they incorporated the Personal 
Software Process (Humphrey, 1995) into their improvements, as well as the CMM. AIS 
reports average schedule deviations (planned vs. actual) improved from 112% to 5%; 
Average effort deviations (person-hours planned vs. actual) improved from 87% to –4% with a 
measurable gain in productivity as rework decreased. Most of all the SPI programmes led to a 
change in culture and personal attitudes—SPI became the way of life for everyone. 
 
Illustration 3-5  Claimed CMM benefits 
 
It is all very general or tied to improvements in many areas which culminate in ISO 
certification or a particular SEI level, much broader than “concentration on defect 
reduction led to better product quality”, or “better project management led to fewer 
late deliveries” or other specific benefit. Common sense and experience would lead 
one to say such a model would be valid but the fact remains, that isn’t the way it has 
worked historically. The developers of the CMM (Paulk et al, 1993) believed certain 
key areas needed to be improved in tandem so the quality of processes rises from 
level to level. The developers of ISO 9000: 1994 believed 20 different types of 
activities were required to provide confidence the supplier was capable of making a 
quality product. Consequently the research and claimed benefits reflect this. 
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The model for improvements business benefits is still work in process, but the ideal 
will be to make this type of connection; however, it may be beyond the scope of the 
research. As a minimum, a model can be developed and the research results compared 
to it. Over time, other research should look at specific processes in both SPICE and 
the CMMI so by the end of this research some comparisons might be possible.  
 

 Journal paper 1 submitted 
 
The paper has been submitted to Software Process Improvement and Practice for a 
special edition about SPICE. 
 

 Conversion from Master's to PhD (planned) 
 Report with results and plans 
 Presentation 

 
These are all taking place 21 October-7 November, 2005. The rest of the schedule is 
all TBD. 
 
Phase II, client field work 
Send initial letter 
Pilot project 
Second letter to organise assessment 
Questionnaire, assessment 
Comparison of results 
Conference paper 2 on questionnaires, models 
 
Phase III, analysis, validation of model 
If the pre-defined models don't reflect reality, why not? 
If the model didn't yield the expected benefits, why not? 
Journal paper 2 
 
Phase IV, dissertation 
First draft 
Write-up 
Viva 
Final thesis 
 
3.3 Hypotheses 
 
The null hypothesis is that there will be no difference between the participants. (Fink, 
1995c) 
 
Objective 1   Determine if a culture of improvement exists in the organisation 
 
Survey 1 Use self-assessment, SPICE-assessment, interviews and artefact audit 

to find out if benefits have been sustained 
Hypothesis 1a We are likely to see a normal distribution in the total population of 

companies who participated in the programmes, skewed in the 
direction of companies with few or no benefits, if only because the 
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total population size has to include those companies who have gone 
out of business or are otherwise unavailable 

Hypothesis 1b We are likely to see a normal distribution in the target population of 
those organisations who could take part in the survey, skewed in the 
direction of companies with few or no benefits, if only because the 
target population size has to include those companies who might not 
wish to be in the study 

Hypothesis 1c We are likely to see a normal distribution in the target population of 
those organisations who do take part in the study, skewed in the 
direction of companies with measurable benefits because they are more 
likely to want to participate 

 
Analysis of the data may be limited by the size of the target population. As an 
example, the cases per cell for analysis of overall benefits are: 
 
{ISCP}[ISO 9001, training+consulting] + {PIEs, TRI-SPIN}[no standard, consulting] 
+ {SPIRE}[SPICE assessments, consulting] + {SCATE}[CMM, training only] + 
{ESPITI}[no standard, training only],   giving  
 
5 standards+knowledge transfer methodology * 5 choices for the ultimate answer to, 
“Have there been benefits from SPI?” using a 5-point scale of 1=no, 2=slightly, 
3=some, 4=greatly, 5=totally, for example) = 25 cells.  
 
However, the choice of experimental variables (Oppenheim, 1966) is limited by 
practical considerations of probable sample size and depth of analysis possible: 
 

 We may have fewer than 25 participants in this study and we are unlikely to have 
a complement of 25 times more than a few data points for each.  

 Several organisations took part in more than one improvement programme. 
 The method of knowledge transfer and the models being used are not distributed 

evenly over the improvement programmes.  
 Uneven distribution of standards and knowledge transfer will limit our ability to 

meet the following objectives, 2 and 3, with any certainty. If ISCP is the only 
programme based on ISO 9001 and the only programme with both training and 
consulting, and if participants in ISCP show a higher rate of long-term benefits 
than the target population, how do we separate out whether it was the standard or 
the method of knowledge transfer that was more successful? Or either? Or both 
and one couldn’t have been effective without the other? And if ISCP is the only 
programme with a standard that requires regular recertification, and if the ISCP 
organisations have higher long-term benefits, is it because of the recertification 
and nothing to do with either the standard itself or our method of teaching it? 

 
With these caveats in mind, we can proceed to Hypotheses 2 and 3. 
 
Objective 2 Determine if there is any difference in long-term success rate for 

organisations following one model rather than another or none 
Survey 2 Analyse the results of Survey 1, looking for statistically significant 

deviations between groups following ISO 9001, CMM, SPICE or no 
model at all 
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Hypothesis 2 Companies involved in ISCP are more likely to have sustained 
improvements than those in other groups for all the reasons listed 
above, but it will be impossible with this study to determine why 

 
Objective 3 Determine if there is any difference in long-term success rate for 

organisations depending on what form of knowledge transfer was a 
part of the programme(s) in which they participated. 

Survey 3 Analyse the results of Survey 1, looking for statistically significant 
deviations between groups who participated in training only, 
consulting only, training+consulting 

Hypothesis 3 Companies involved in ISCP (training+consulting) are more likely to 
have sustained improvements than those in other groups, the 
companies who had consulting only will be next and the companies 
who had training only will be less. The differences between the groups 
will be statistically significant, but it will be impossible with this study 
to determine that the form of knowledge transfer is the sole reason for 
them. 

 
An additional point for investigation but for which there is no hypothesis is whether 
the most improved organisations of all took part in more than one improvement 
programme, whether the programmes being investigated or others. It would be 
difficult to draw conclusions from such a finding no matter what it is. If they do 
better, is because they participated in more improvement programmes or because of 
strong upper management support which allowed this to happen, for example? If they 
do worse is it because of higher than average turnover, lower than average middle 
management support, confusion because of too many kinds of SPI training, none of 
the above or all of the above? 
 
According to criteria defined by Fink (1995b), one part of this is a cross-sectional 
study design because it provides baseline information on survey participants and 
descriptive information about the intervention. The risk is that it simply offers a 
picture of participants and the programme at one time, not necessarily giving a full 
picture. If the survey is lengthy, the potentials for bias or invalidity include: 
 

 Historical events may occur that can bias the study’s results 
 Maturation of people involved may change how they look at the survey 
 Selection bias may affect who is chosen and how they are assigned to groups 
 Attrition may occur if part or none of the surveys are filled in 

 
The study is not long in terms of many sociological studies but some of the above 
factors may be valid. The primary historical event that can bias the study’s results 
might be the simple fact of someone being there asking questions. This is countered 
by using mostly closed-end questions on the assessment, which is a formal interview 
script to be used in the same way with all clients, and a PC-based assessment tool.  
 
Open-ended questions asked or informal discussions which take place will be clearly 
distinguished from the other data. 
 
The maturation of the people involved will almost assuredly change how they look at 
the survey relative to how they would have seen it at the time of the improvement 
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programmes. However, all will have at least five years since the end of the 
programme and each group will be in a contiguous time period for evaluation within 
itself. If the difference in time period since the end of each programme is statistically 
significant and no other factors account for it, that in itself would be interesting to 
know and might lead to future research. 
 
Any selection bias regarding the organisations has been addressed by setting firm 
inclusion and exclusion criteria. Selection bias within the organisations as to whom 
they select to work on this may occur but presumably it will be generally on the side 
of people who support process improvement and occur throughout the target 
population with random dissents. 
 
Attrition with lack of data completeness will be countered by personally interviewing 
and going through the questionnaire. Every effort will be made to keep the 
questionnaire to strict guidelines for clarity, completeness and lack of bias. 
 
External validity may be compromised if the sample isn’t representative of the entire 
population. No attempt is made here to claim this is representative of any entire 
population. However, data found as a result of this study may be a significant 
contribution to the literature on how to help companies improve their software 
processes and what happens when that improvement doesn’t take place as expected. 
 
The other part of this study is longitudinal and historical, relying on written materials 
describing the situation at the time of the improvement processes. The additional 
threat to internal validity is the interaction of the selection with other factors. I do not 
see what I can do about this but I would expect this to be a randomly-distributed 
variable throughout the target population. External validity may be compromised by 
the possibility of interactive effects of selection but again I would expect this to be a 
randomly-distributed variable throughout the target population. 
   
3.4   Assumptions 
 
As Dedrick et. al. (2003) point out, the assumptions researchers make in doing 
analysis of the data can have substantial impacts on the results. Based on our 
experiences with these improvement programmes, the following assumptions are 
given: 
 

 Originally, the research was looking more specifically at results of attendance at 
the individual improvement programmes. One of the criteria for selection was that 
somebody was left in the company who took part in the original SPI training or 
consulting. However, advice from personnel at both the Centre for Software 
Engineering and Enterprise Ireland has been very convincing that most people 
will have moved on in the period between the original programmes and the time 
of research. Therefore, if some are still around it will be treated as a bonus, but not 
a requirement. 

 The language of SPI is a difficult one for most people. All questions, whether 
written or spoken need to be phrased in language that doesn’t rely on people 
understanding CMM-speak or ISO-speak or other jargon. Unfortunately, a PC-
based tool designed to assess against a software process standard will be phrased 
in the jargon of that standard. Therefore, I have to be able to interpret, as required, 
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even when the questions aren’t asked overtly. This can require some judgment. 
 Interviewing people can be difficult, even with very clear questions, PC-based 

tools and interview guidelines. People will tell you what they think you want to 
hear, what they think their boss wants them to tell you, what they think they 
should say, etc. Some bias is bound to creep in and as a researcher I have to 
assume such bias will cancel each other out with a large enough sample to survey. 

 At this stage in the planning, I am assuming that interviews as well as a certain 
amount of artefact auditing and SPICE assessments, will give a reasonable level 
of accuracy to the study. However, I will continue to monitor this and may need to 
alter the processes followed after the pilot study. 

 I have evaluated any need for a control group and decided against using one for 
several reasons: 

 
- I question the need. The research is primarily to compare well-defined groups 

with each other and against their own beliefs and knowledge of what has 
happened in their organisations, not against the general population.  

- Simple logistics might make it difficult to use a control group. Already we have 
a total population of 68 or more companies that might be included in this study. 
As one person, I may have my capacities stretched as far as they will go. 

 
Also, how would I create this group—an ad in the Irish Times, “Any company who 
has never taken a course in software process improvement but has improved their 
software processes anyway, please get in touch with …” Even if it were more 
focused, say on the Small Firms Association, what could I possibly offer a company 
who wasn’t interested enough for training in SPI in the first place? The efforts 
involved seem to far outweigh any possible benefits. 
 
3.5 Contribution of this research 
 
Very little information exists in two areas where this will contribute. Almost no data 
on small organisations exists on: 
 

 Benefits of SPI 
 Long-term benefits of SPI 

 
This research has been structured so that a combination of 
 

--personal interaction to gather both qualitative and quantitative information 
--impartial interest from someone who has worked in many types of 
   software environments in many capacities 

--a gift of professional advice after the data gathering  
 

will unlock the door. 
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Nomenclature 
 
ACM  Association of Computing Machinery 
AIS  Advanced Information Services, Inc. 
CEN  European Committee for Standardization  
CMM  Capability Maturity Model 
CMMI  Capability Maturity Model Integrated 
CSE  Centre for Software Engineering 
DCU  Dublin City University 
E.C.  European Commission 
ESPINODE ESSI PIE Node 
ESPITI European Software Process Improvement Training Initiative 
ESSI  European System and Software Initiative 
FDA  [United States] Federal Drug Administration 
FfS  Framework for Success (see references under Sanders and Curren, 
1994) 
ICSE  International Conference on Software Engineering 
IDEAL Initiating, Diagnosing, Establishing, Acting, Learning 
IEEE  Institute of Electrical and Electronic Engineers 
IFM  Incremental Funding Method 
ISCP  ISO 9000 for Small Companies Programme 
ISEB  Information Systems Examination Board 
ISO  International Organisation for Standardisation  
IT  Information technology 
KPA  Key process area 
KSLOC Thousands of software lines of code 
LOC  Lines of code 
[MS]  Marty Sanders’ comments interspersed in quotations from others 
NATO  North Atlantic Treaty Organisation 
NPV  Net Present Value 
NSAI  National Standards Authority of Ireland 
OSS  Open source software 
PIE  Process Improvement Experiment  
PSP  Personal Software Process 
QMS Quality Management System (in ISO 9000, usually Quality Manual 

and associated procedures) 
RAD  Rapid application development 
ROI  Return on investment 
SCATE Small Companies Action Training and Enabling 
SLOC  Software Lines of Code 
SME  Small to Medium Enterprise 
SPI  Software Process Improvement 
SPICE Software Process Improvement and Capability determination (ISO Tr 

15504) 
SPIRE  Software Process Improvement for Regions of Europe 
SQA  Software Quality Assurance 
STTF  Software Technology Transfer Finland 
TRI-SPIN Trans-Ireland Software Process Improvement Network 
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Annex A. Cover letter to be sent to companies 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

15 January, 2006 

[Inside address] 

Marty Sanders, Universtity of Limerick, 067-24987   

Dear Ms./Dr./Mr. etc.:   
 
Did you get value for money?  

Was your time well spent?  
Was the effort worthwhile? 

 
Is your organisation on target? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Software 
management 
problems 
solved !! 

Software management
problems still an issue 

Software management 
problems partially solved

Software management 
problems mostly solved 

Project planning and 
management 

Managing 
requirements 
and 
requirements 
change 

Ensuring product 
quality 

Managing software 
products—version 
control, separation 
of development and 
operational issues Product development in 

an efficient manner 

Are you where you want to be yet? 
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Marty Sanders, Universtity of Limerick, 067-24987 

During the 1990s, your organisation took part in one or more programmes 
to improve your management of software. [individualise] I worked on 
these programmes and am now studying for my PhD at the University of 
Limerick. I would like to include you in a follow-on study of how your 
organisation was influenced to develop a ‘culture of improvement’.  
 
Each organisation in Ireland that participated in one or more of these EC-
sponsored improvement programmes and is still in business will be asked 
to participate in this study. This is my research, sponsored by the 
University of Limerick; it is not sponsored by any other organisation. After 
the research is over, I hope the results will enable me to provide 
information that will help you in the future.  
 
Much has been written about short-term benefits of software process 
improvement; little has been researched or written about longer-term 
benefits, or indeed what happens several years on from the beginning of an 
improvement programme. With your help, I hope to rectify this gap in our 
knowledge, particularly as applied to small to medium sized organisations. 
You have the opportunity to make a real difference in our understanding of 
what is the best way to help organisations like yours to perform efficiently 
and effectively. 
 
Not only will you help me:  your organisation will gain from it as well. 
You can get an assessment of your current status with respect to a widely 
accepted model of good practice. We will discuss the assessment results 
and my suggestions as a professional with 37 years experience in software 
for next steps you might take for further improvement.  
 
All work will be confidential for your organisation and any individuals 
with whom I work. Once you have agreed to participate in the study, you 
will be given a code name and be referred to with that name thereafter. All 
group statistics will not talk about individual organisations except as a 
possible footnote using the code name. 
 
The attached assessment plan describes the entire process. I hope you will 
want to take part in it. Thank you for your time. 
 
My very best regards, 
 
 
 
Marty Sanders 
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Marty Sanders, Universtity of Limerick, 067-24987  

The target can be used as a guide to the assessment process: 

Software 
management 
problems 
solved !! 

Software management 
problems still an issue 

Software management 
problems partially solved

Software management 
problems mostly solved 

1.             2.           3.          

Step 1. Small pilot assessment with 2-3 organisations, going through all steps, 
including detailed assessment, then go to Step 2. Each full assessment and reporting of 
results should take no more than one half-day. 
 
Step 2. Questionnaire taking no more than 1 hour to determine if any improvements 
have taken place in the last 5-10 years and if there are any plans for the future. All 
organisations involved are asked to do this. For those organisations that show any 
improvements have taken place with more planned for the future, go to Step 3. 
 
Step 3. PC tool-based assessment of specific software processes, taking about 2 hours. 
(Any organisation can request this assessment.) 

All interviews and assessments to be completed by the end of 2006. 
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Annex B. Questionnaire for all respondents 
 
Part I  Organisation profile 
 

I-1. What is the main business of the organisation? Please circle the correct answer 
 
Aerospace 1 Education 8 Media 15 
Automotive 2 Finance 9 Resources (petroleum, 

mining, wind energy…) 
16 

Banking 3 Health and 
pharmaceutical

10 Public administration 17 

Construction 4 IT, software 11 Public utilities 18 
Consumer goods 5 Insurance 12 Retail 19 
Defence 6 Leisure and 

tourism 
13 Telecommunications 20 

Distribution/logistics 7 Manufacturing 14 What other___________ 21 
 
 
I-2. What type of organisation is this? 
 
Academic institution 1 Industrial producer-mass 5 
Research institution 2 Service provider 6 
Industrial innovator/inventor 3 Other___________________ 7 
Industrial producer-niche 4   
 
 
I-3. What is your role within the organisation? 
 
Managing director/CEO 1 Quality specialist 9 
Senior executive 2 Process specialist 10 
CTO/CIO  3 Researcher 11 
Middle manager 4 Student/apprentice/trainee 12 
Line supervisor 5 Lecturer/teacher 13 
Production worker 6 Product specialist 14 
IT/software/systems developer 7 Public relations/marketing 15 
Service staff 8 Other___________________ 16 
 
 
I-4. What is the number of employees within the organisation? 
 
  1-5 1 31-50 5 
  6-10 2 50-100 6 
  11-20 3 >100 7 
  21-30 4   
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I-5. What is the number of  software employees in the organisation? 
 
  0-5 1 31-50 5 
  6-10 2 51-100 6 
  11-20 3 >100 7 
  21-30 4   
 
 
I-6 What is the typical total team size? 
 
 1-4 1 13-16 4 
  5-8 2 >16 5 
9-12 3   
 
 
I-7. What is the typical length of development projects in months? 
 
  1-6 1 19-24 4 
  7-12 2 >24 5 
13-18 3   
 
 
I-8. What is the typical type of development project? 
 
Web-based 1 Safety critical 5 
Distributed 2 Transaction 6 
Embedded 3 Other_______________________ 7 
Real-time/time critical 4   
 
 
Part II  Past culture for improvement 
 
II-1. Your organisation took part in one or more process improvement programmes some 
years ago. Do you or anyone you know remember taking part in this? 
 
Yes myself         Yes other              No     
 
 
II-2. Did change in the organisation take place as a result of this or other triggers for 
improvement in software processes? 
 
Yes              No     
 
 
II-3a If no, why not? 
 
No time 1 Too expensive 5 
Supporters left 2 Lack of customer buy-in 6 
Didn’t know how to implement 
changes 

3 Too much effort required for what 
good was accomplished 

7 

No interest 4 Other_______________________ 8 
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II-3b If yes, what kinds of changes took place in management of the organisation’s 
software development and maintenance environment? Here are some examples: 
 

 Adoption of ISO 9000, the CMM/CMMI or some other formal processes            
 Use of new tools                                                                                                      
 Transformation to agile, rapid application development (RAD)  

         or some other slimmed down models’                                                              
 Improved testing and other quality tasks                                                                 
 Implementation of better project management                                                        

 
Has your organisation made other changes? 
 
 
 
 
 
 
 
 
II-4. Senior management support is the single factor that all research has shown is 
absolutely necessary for sustained and systematic progress in adoption of change; to what 
extent have changes in software management had that senior management support? 
 
very well   well     average?   poorly    not at all    
 
 
II-5. Research has also shown that improvements must be linked to business goals to be 
successfully sustained. To what extent were employees informed about overall business 
objectives, vision and goals? 
 
very well   well     average?   poorly    not at all    
 
 
II-6. Was the organisation vision and mission lived by people in their daily work? For 
example, if the vision was to provide top quality service, did people work to provide this? 
 
always   often     50% of time?   seldom    never    
 
 
II-7. Did the most senior, most experienced and most respected software engineers 
embrace this process of making improvement?   
 
always   often     50% of time?   seldom    never    
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II-8. We make changes to improve the business in some way.  
When you made changes or improvements in the way you manage software, what 
improvements did you see? 
 

 Better quality or more reliable products        
 Faster or more predictable schedules            
 Cheaper costs and improved revenue            

 
 What other business changes might you have seen? 
 
 
 
 
 
 
 
 
II-9. How much did this affect the everyday workings of the overall organisation? 
 
very well   well     no change?   slightly worse    much worse   
 
 
II-10. How? 
 
 
 
 
 
 
 
 
II-11. Were any improvement initiatives started that tailed off or were not widely 
implemented? Particularly with tools, companies often see them fall into disuse once 
the ‘toolmaster’ leaves. Sometimes a methodology or standard is supported until the 
expert leaves, taking the real expertise away. Has anything like this happened here? 
 
 
 
 
 
 
 
 
Part III  Current culture for improvement 
 
III-1. What level of senior management support exists today for change/improvement in 
software management? 
 
very good   good     average   poor    very poor   
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III-2. To what extent are today’s employees informed about overall business objectives, 
vision and goals? 
 
very well   well     average?   poorly    not at all    
 
 
III-3. Is the organisation vision and mission lived by people today in their daily work? 
 
always   often     50% of time?   seldom    never    
 
 
III-4. Do the most senior, most experienced and most respected software engineers embrace 
this process of making change/improvement? 
 
always   often     50% of time?   seldom    never    
 
 
III-5. Business objectives and goals should drive any improvement/change regime. How 
well would you say these groups of people understand the link between the needs of the 
business and changes in daily activities? 
 
 
III-5a Senior management  
 
very well   well     average?   poorly    not at all    
 
 
III-5b Middle management  
 
very well   well     average?   poorly    not at all    
 
 
III-5c Technical management  
 
very well   well     average?   poorly    not at all    
 
 
III-5d Software developers and maintainers  
 
very well   well     average?   poorly    not at all    
 
 
III-6. Identify the factors that might inhibit a culture of improvement today. Some that 
other organisations have identified include:   
 

 Lack of senior management support       
 Undermined by middle management       
 Fear of openness because jobs might be sent to cheaper countries   
 Resistance to change for fear of ‘loss of face or seniority’    
 Pressure of simply getting through the business day 

—no time to worry about how things are done, etc.     
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Try to name any negative factors that might impede your change or improvement 
programmes today.  
 
 
 
 
 
 
 
 
III-7. What do you think is the most important need for your business today?  
 

 Higher quality products?         
 Better schedule control?         
 Cost control?          
 Faster time to market?         
 Tighter security?         
 Other? Please explain        

 
 
 
 
 
 
 
 
 
 



 99

III-8. What are your areas of greatest concern?  
 

 Staffing?           
 Training?          
 Cost control?          
 Any particular software processes or steps of the software life cycle?   
 Other? Please explain        

 
 
 
 
 
 
 
 
III-9. Businesses try to satisfy customers. Do you understand how customers view your 
organisation?  
 

 Are you valued for quality?         
 Low cost?           
 Speed?           
 Innovation?          
 Other? Please explain        

 
 
 
 
 
 
 
 
III-10. Have their views changed and been expressed to you as you have made changes and 
improvements? 
  
Yes       No          Sometimes     
 
 
III-11. How would you describe what a ‘good’ organisation looks and feels like?  
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III-12. How would you describe your organisation today? 
 
 
 
 
 
 
 
 
III-13. If these last two answers  are different, why do you think this is? 
 
 
 
 
 
 
 
Part IV  Plans for the future 
 
IV-1. What changes do you have planned for the future? Some possibilities include:   
 

 Investigating agile or open source software development    
 Doubling productivity in the next 5 years      
 Adoption of one of the formal software models (CMMI, ISO 15504, etc.)   
 Development of a basic measurement system      

 
What plans, if any do you have for change and improvement in software management? 
 
 
 
 
 
 
 
IV-2. Do you have the overall strategy in place to make these changes happen? 
 
Yes       No     
 
If yes what is it? 
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IV-3. If you could change one thing—not your boss or your pay check—what would it be? 
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Annex C.  SPICE model of good practices 
 

 

SPICE 
Process CMM

ISO 9001 
1994

Review req. CUS.1.1 1 1
Select supplier CUS.1.2 1 1

CUS.1.3 1 0
Customer A/T CUS.1.4 1 1
Contract agreement CUS.2 1 1

CUS.3 0 1
CUS.4.1 0 0
CUS.4.2 0 0

SPICE 
Process CMM

ISO 9001 
1994

ENG.1.1 0 0
Req. analysis ENG.1.2 1 1
Design ENG.1.3 1 1

ENG.1.4 1 0
ENG.1.5 1 0

S/W testing ENG.1.6 1 1
ENG.1.7 1 0
ENG.2 0 1
 
 

SPICE 
Process CMM

ISO 9001 
1994

Documentation SUP.1 1 1
Configuration Man. SUP.2 1 1
Quality assurance SUP.3 1 1
Verification SUP.4 1 1
Validation SUP.5 1 1
Customer review SUP.6 1 1
Audit SUP.7 1 1
Problem resolution SUP.8 1 1

SPICE 
Process CMM

ISO 9001 
1994

MAN.1 1 0
Project management MAN.2 1 1
Monitoring quality MAN.3 1 1
Risk management MAN.4 1 1

SPICE 
Process CMM

ISO 9001 
1994

ORG.1 0 0
ORG.2.1 1 0
ORG.2.2 1 0
ORG.2.3 1 0

Training ORG.3 1 1
ORG.4 1 0

Measurement ORG.5 1 1
ORG.6 0 0
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SPICE CMM ISO 9000
CUS.1 Acquisition (obtain the product and/or service that satisfies 
the need expressed by the customer); acquisition needs, goals, 
acceptance criteria and acquisition strategies will be defined; a 
contract will be developed that clearly expresses the expectation, 
responsibilities, and liabilities of both the customer and the 
supplier; a product and/or service will be produced that satisfies 
the customer's stated need; the acquisition will be monitored so 
that specified constraints such as cost, schedule and quality are 
met; supplier deliverables will be accepted./L2-managed

Requirements management (establish a common understanding 
between the customer and the software project of the 
customer's requirements that will be addressed by the software 
project/L2

4.3.2 Review, Before submission of a tender, or the acceptance 
of a contract or order shall be reviewed by the supplier to ensure 
that: a) the requirements are adequately defined and 
documented; where no written statement of requirement is 
available for an order received by verbal means, the supplier 
shall ensure that the order requirements are agreed before their 
acceptance;

CUS.1.1 Acquisition preparation (establish the needs and goals of 
the acquisition); the concept or the need to acquire, develop, or 
enhance a system, software product or software process will be 
established; the customer's software and/or system requirements 
will be produced; an acquisition strategy will be developed; 
acceptance criteria will be defined./L2-managed

RM, Activity 1 (the software engineering group reviews the 
allocated requirements before they are incorporated into the 
software project./L2

4.3.2 Review b) any differences between the contract or order 
requirements and those in the tender are resolved; 

CUS.1.2 Supplier selection (choose the organisation that will be 
responsible for the implementation of the project defined in 
CUS.1.1); the acquisition requirements will be produced; the 
supplier will be selected based upon the evaluation of the 
supplier's proposals; a contract will be established and negotiated 
between the customer and the supplier./L2-managed

Software subcontract management (SM)/repeatable (select 
qualified software subcontractors and manage them 
effectively)/L2

4.3.2 Review c) the supplier has the capability to meet the 
contract or order requirements.

CUS.1.4 Customer acceptance (approve the supplier's deliverable 
when all acceptance conditions are satisfied); acceptance will be 
based on the acquisition strategy and conducted according to the 
agreed acceptance criteria; the delivered software product and/or 
service will be evaluated with regard to the agreed 
reuirements./L2-managed

SM, Activity 12 (the prime contractor conducts acceptance 
testing as part of the  delivery of the subcontractor's software 
products according to a documented procedure)/L2

4.6.4.2 Customer verification of subcontracted product, Where 
specified in the contract, the supplier's customer or the 
customer's representative shall be afforded the right to verify at 
the subcontractor's premises and the supplier's premises that 
subcontracted product conforms to specified requirements

CUS.2 Supply (provide software to the customer that meets the 
agreed requirements); a response to customer's request will be 
produced; a contract will be established between the customer 
and the supplier for developing, packaging, delivering, and 
installing the software product and/or service; a software product 
or/or service that meets the agreed requirements will be 
developed by the supplier; the software product and/or service will 
be delivered to the customer and installed in accordance with the 
agreed requirements./L3-established

Requirements management (establish a common understanding 
between the customer and the software project of the 
customer's requirements that will be addressed by the software 
project/L2; Software project planning (PP)/repeatable (establish 
reasonable plans for performing the software engineering and for 
managing the software project)/L2; Software project tracking & 
oversight (PT&O)/repeatable (provide adequate visibility into 
actual progress so that management can take effective actions 
when the software project's performance deviates significantly 
from the software plans)/L2; SQA, Activity 5 (the SQA group 
audit designated software work products to verify 
compliance)/L2

4.3.2 Review, Before submission of a tender, or the acceptance 
of a contract or order shall be reviewed by the supplier to ensure 
that: a) the requirements are adequately defined and 
documented; where no written statement of requirement is 
available for an order received by verbal means, the supplier 
shall ensure that the order requirements are agreed before their 
acceptance;

ENG.1.2 Software requirements analysis (establish the 
requirements of the software components of the system)

Requirements management (establish a common understanding 
between the customer and the software project of the 
customer's requirements that will be addressed by the software 
project/L2; PE, Activity 2 (the software requirements are 
developed, maintained, documented and verified by 
systematically analysing the allocated requirements according to 
the project's defined software process)/L3

4.4.4 Design input, Design input requirements relating to the 
product, including applicable statutory and regulatory 
requirements, shall be identified, documented and their selection 
reviewed by the supplier for adequacy. Incomplete, ambiguous 
or conflicting requirements shall be resolved with those 
responsible for imposing these requirements. 

ENG.1.3 Software design (define a design for the software that 
implements the requirements and can be tested against them)

PE, Activity 3 (the software design is developed, maintained, 
documented and verified, according to the project's defined 
software process, to accommodate the software requirements 
and to form the framework for coding)/L3

4.4.2 Design and development planning, The supplier shall 
prepare plans for each design and development activity. The 
plans shall describe or reference these activities, and define 
responsibility for their implementation. The design and 
development activities shall be assigned to qualified personnel 
equipped with adequate resources. The plans shall be updated 
as the design evolves.

ENG.1.6 Software testing (test the integrated software producing 
a product that will satisfy the software requirements)

PE, Activity 5 (software testing is performed according to the 
project's defined software process)/L3

4.10.1 General, The supplier shall establish and maintain 
documented procedures for inspection and testing activities in 
order to verify that the specified requirements for the product are 
met. The required inspection and testing, and the records to be 
established, shall be detailed in the quality plan or documented 
procedures.

SUP.1 Documentation (develop and maintain documents that 
record information produced by a process or activity)

PE, Activity 8 the documentation that will be used to operate and 
maintain the software is developed and maintained according to 
the project's defined software process)

Records shall be maintained for qualified processes, equipment 
and personnel, as appropriate.

SUP.2 Configuration management (establish and maintain the 
integrity of all the work products of a process or project)

Configuration management (SCM)/(establish and maintain the 
integrity of the products of the software project throughout the 
project's software life cycle)/L2

Where appropriate, the supplier shall establish and maintain 
documented procedures for identifying the product by suitable 
means from receipt and during all stages of production, delivery 
and installation. Where and to the extent that traceability is a 
specified requirement, the supplier shall establish and maintain 
documented procedures for unique identification of individual 
product or batches. This identification shall be recorded.
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SUP.5 Validation (confirm that the requirements for a specific 
intended use of the software work product are fulfilled)

SQA, Activity 8 (the SQA group conducts periodic reviews of its 
activities and findings with the customer's SQA personnel, as 
appropriate)

4.2.3 Quality planning/g) the clarification of standards of 
acceptability for all features and requirements, including those 
which contain a subjective element; 4.4.8 Design validation, 
Design validation shall be performed to ensure that product 
conforms to defined user needs and/or requirements.

SUP.6 Joint review (maintain a common understanding with the 
customer of the progress against the objectives of the contract 
and what should be done to help ensure development of a product 
that satisfies the customer; joint reviews are at both project 
management and technical levels and are held throughout the life 
of the project)

PT&O, Activity 13 (formal reviews to address the 
accomplishments and results of the software project are 
conducted at selected project milestones according to a 
documented procedure)

4.4.6 Design review, At appropriate stages of design, formal 
documented reviews of the design results shall be planned and 
conducted. Participants at each design review shall include 
representatives of all functions concerned with the design stage 
being reviewed, as well as other specialist personnel, as 
required. Records of such reviews shall be maintained.

SUP.7 Audit (independently determine compliance of selected 
products and processes with the requirements, plans and contract 
as appropriate)

SQA, Activity 5 (the SQA group audit designated software work 
products to verify compliance)/L2

Internal quality audits shall be scheduled on the basis of the 
status and importance of the activity to be audited and shall be 
carried out by personnel independent of those having direct 
responsibility for the activity being audited.

SUP.8 Problem resolution (ensure that all discovered problems 
are analysed and resolved and that trends are recognised)

SQA, Activity 7 (deviations identified in the software activities 
and software work products are documented and handled 
according to a documented procedure)

4.1.2.1 Organisation responsibility and 
authority/b) identify and record any problems 
relating to the product, process and quality 
system; c) initiate, recommend or provide 
solutions through designated channels; d) verify 
the implementation of solutions; e) control further 
processing, delivery or installation of 
nonconforming product until the deficiency or 
unsatisfactory condition has been corrected.

MAN.2 Project management (identify, establish coordinate and 
monitor activities, tasks and resources necessary for a project to 
produce a product and/or service meeting the requirements)

Software project planning (PP)/L2-repeatable (establish 
reasonable plans for performing the software engineering and for 
managing the software project); Software project tracking & 
oversight (PT&O)/L2-repeatable (provide adequate visibility into 
actual progress so that management can take effective actions 
when the software project's performance deviates significantly 
from the software plans)

4.1.2.2 Resources, The supplier shall identify resource 
requirements and provide adequate resources, including the 
assignment of trained personnel, for management, performance 
of work and verification activities including internal quality audits.

MAN.3 Quality management (monitor the quality of the project's 
products and/or services and to ensure that they satisfy the 
customer)

SQA, Activity 5 (the SQA group audit designated software work 
products to verify compliance)

4.1.2.1 Organisation responsibility and authority, The 
responsibility authority and the interrelation of personnel who 
manage, perform and verify work affecting quality shall be 
defined and documented, particularly for personnel who need the 
organisational freedom and authority to:  a) initiate action to 
prevent the occurrence of any nonconformities relating to the 
product, process and quality system;

Inspection, measuring and test equipment shall be used in a 
manner which ensures that the measurement uncertainty is 
known and is consistent with the required measurement 
capability.

MAN.4 Risk management (identify and mitigate the project risks 
continuously throughout the life cycle of a project; the process 
involves establishing a focus on monitoring of risks at both the 
project and organisational levels)

PP, Activity 13 (the software risks associated with the cost, 
resource, schedule and technical aspects of the project are 
identified, assessed and documented)

Any corrective or preventive action taken to eliminate the causes 
of actual or potential nonconformities shall be to a degree 
appropriate to the magnitude of problems and commensurate 
with the risks encountered.

ORG.3 Human resources management (provide the organisation 
and projects with individuals who possess skills and knowledge to 
perform their roles effectively and to work together as a cohesive 
group)

OPF, Activity 6 (training for the organisation's and projects' 
software processes is coordinated across the organisation)

4.18 Training The supplier shall establish and maintain 
documented procedures for identifying training needs and 
provide for the training of all personnel performing specific 
assigned tasks shall be qualified on the basis of appropriate 
education, training and/or experience, as required. Appropriate 
records of training shall be maintained.

ORG.5 Measurement (collect and analyse data relating to the 
products developed and processes implemented within the 
organisational unit, to support effective management of the 
processes and to objectively demonstrate the quality of the 
products) Measurement/L2 process

Inspection, measuring and test equipment shall be used in a 
manner which ensures that the measurement uncertainty is 
known and is consistent with the required measurement 
capability.
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Annex D. SPSS model for analysis 
 
 
40 variables and 0 cases written to range: SPSS. 
Variable: ID                 Type: String   Width:  8 
Variable: I1Mainbus          Type: Number   Width:  2   Dec: 0 
Variable: I2Orgtype          Type: Number   Width:  2   Dec: 0 
Variable: I3Role             Type: Number   Width:  2   Dec: 0 
Variable: I4Noemp            Type: Number   Width:  2   Dec: 0 
Variable: I5Noswemp          Type: Number   Width:  2   Dec: 0 
Variable: I6Teamsize         Type: Number   Width:  2   Dec: 0 
Variable: I7Projlength       Type: Number   Width:  2   Dec: 0 
Variable: I8Devtype          Type: Number   Width:  2   Dec: 0 
Variable: II1PastIP          Type: Number   Width:  2   Dec: 0 
Variable: II2Orgchange       Type: Number   Width:  2   Dec: 0 
Variable: II3aWhynot         Type: Number   Width:  2   Dec: 0 
Variable: II3bWhatchan       Type: Number   Width:  2   Dec: 0 
Variable: II4Pastsrman       Type: Number   Width:  2   Dec: 0 
Variable: II5Pastbus         Type: Number   Width:  2   Dec: 0 
Variable: II6Pastvis         Type: Number   Width:  2   Dec: 0 
Variable: II7Pastsrsw        Type: Number   Width:  2   Dec: 0 
Variable: II8Busimp          Type: Number   Width:  2   Dec: 0 
Variable: II9Dailychang      Type: Number   Width:  2   Dec: 0 
Variable: II10How            Type: Number   Width:  2   Dec: 0 
Variable: II11Failures       Type: Number   Width:  2   Dec: 0 
Variable: III1Nowsrma        Type: Number   Width:  2   Dec: 0 
Variable: III2Nowbus         Type: Number   Width:  2   Dec: 0 
Variable: III3Nowvis         Type: Number   Width:  2   Dec: 0 
Variable: III4Nowsrsw        Type: Number   Width:  2   Dec: 0 
Variable: III5aNowsr         Type: Number   Width:  2   Dec: 0 
Variable: III5bNowmid        Type: Number   Width:  2   Dec: 0 
Variable: III5cNowtec        Type: Number   Width:  2   Dec: 0 
Variable: III5dNowsw         Type: Number   Width:  2   Dec: 0 
Variable: III6Nowinhib       Type: Number   Width:  2   Dec: 0 
Variable: III7Nowneed        Type: Number   Width:  2   Dec: 0 
Variable: III8Nowcon         Type: Number   Width:  2   Dec: 0 
Variable: III9Nowcust        Type: Number   Width:  2   Dec: 0 
Variable: III10Nowviews      Type: Number   Width:  2   Dec: 0 
Variable: III11Nowgood       Type: Number   Width:  2   Dec: 0 
Variable: III12Nowtoday      Type: Number   Width:  2   Dec: 0 
Variable: III13Nowdiff       Type: Number   Width:  2   Dec: 0 
Variable: IV1Futchanges      Type: Number   Width:  2   Dec: 0 
Variable: IV2Futstrat        Type: Number   Width:  2   Dec: 0 
Variable: IV3Change          Type: Number   Width:  2   Dec: 0 
_ 
 
 
 
 


