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Abstract: The purpose of this paper is to discuss current software development and process improvement practices. This paper analyses statistical findings obtained from the Northern Ireland (NI) software industry within the context of the global software development community, making particular reference to software process improvement within the Irish (Republic of Ireland), Indian, Chinese, and Japanese software industries. Through common issues, generalisations are made that are likely to be applicable to most regions of the world.
The NI software development survey was developed by the Centre for Software Process Technologies (CSPT). CSPT is concerned with the engineering of high quality software. An important function of the CSPT is to provide infrastructural support to the NI software industry. One of the initial problems facing the CSPT was the lack of detailed ‘state of practice’ information in relation to the technical operation of the NI software industry and therefore one of the centre’s early priorities was to obtain an understanding of current local practice. The vehicle chosen to obtain this information was a questionnaire, administered through face-to-face interviews. Key personnel in fifty-nine software development organizations were surveyed in this way, however three of these companies provided consultancy services and could not be classified as software development organizations. Therefore, this paper presents our preliminary findings (based on the information obtained from the fifty-six software development organizations) and what we regard as an accurate and current account of the state of practice in the Northern Ireland software industry.
Invest Northern Ireland (INI) is an economic development agency. One of the objectives of INI is to support the economic development of the NI software industry. CSPT was established in September 2002 and is jointly funded by INI and the University of Ulster. Its goal is to be an internationally recognized centre of excellence for research and knowledge transfer in areas allied to the process of developing software. A significant part of the centre’s remit is concerned with empirical research in the area of software processes and with knowledge transfer objectives in relation to software process improvement (SPI). In order that the CSPT can play an active role in helping software development organizations to improve their software development processes, two immediate priorities were set. Staff at CSPT needed to obtain formal qualifications in software process improvement models and methods (particularly CMMI[2], and ISO 15504, formerly SPICE[4]). This objective will permit and facilitate meaningful engagement in SPI activities with the local industry. The second priority was to understand the current state of the NI software industry.
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1. Introduction
From a business perspective there have been studies of the NI software industry carried out by organizations such as local trade associations but no detailed technical perspective of the industry has ever been produced. In order that CSPT might help organizations improve their software development processes, the centre needed to know not only where processes needed to be taken but importantly what is the current state of software development in the region. There are three factors in the knowledge mix.

1. Understanding the current state of practice within individual software development organizations.
2. Understanding an individual organization’s state of practice in the context of the state of practice in NI.
3. Understanding the state of practice in NI in a wider national and international context.

Capability assessment using a suitable framework such as that provided by the Capability Maturity Model Integrated (CMMI) could provide the state of practice knowledge required for the assessment of the maturity of an individual software development organization. ‘State of the software art’ surveys are available for other regions of the world thus providing useful information for comparison. The purpose of this survey is to shed light on the maturity of software development organizations in NI, helping us to address points 1 and 2. Through comparison with similar surveys in other geographic regions, we begin to appreciate point 3.

The paper will explain how the survey was performed, the findings from the survey, and will then compare the findings from the Northern Ireland software industry with regional reports from other software development regions. 

2. The Survey
NI has approximately 120 organizations that develop software either as a prime business activity or as an important part of their business function. The more traditional method of survey administration is to target the audience through electronic or postal mail shot but this was disregarded in favour of direct face-to-face interview (direct interaction) for a number of reasons:

1. Mail shot normally has a low response from the target audience
2. Our target audience was of a manageable size such that direct interaction was feasible.
3. Direct interaction can overcome difficulties of interpretation which can often plague mail shots.
4. Direct interaction facilitated ‘side-bar’ activities which are of interest to the CSPT and the University.

The face-to-face interviews were conducted by one member of CSPT staff normally visiting a company and meeting with two or three key members of staff. In most cases the key target organization staff were managing directors, technical directors and quality managers. The number of organizations surveyed represents about half of the software industry companies in NI. However as the CSPT survey targeted the larger software development companies within the NI software industry, significantly more than half of the software development staff employed within the NI software industry were included (the companies surveyed employ a total of 2428 software employees out of an entire industry with approximately 3000 software employees). 

The survey questions addressed a spectrum of administrative, business and technical issues. The business questions were designed to investigate the origin of the company, qualification profile of its employees, experience of its founder(s), characteristics of its market and marketing policy and its strategic view. The technical questions examined the types of systems developed and the approach, methods, techniques, programming languages and tools used during development. Formalism and adherence to process were investigated as were the standards applied during software development.

3. Results
3.1 Profiles of surveyed companies
Software development organizations in NI tend to be small to medium size enterprises with 66% of the surveyed companies employing less than 20 software development staff (figure 1). Indeed 27% of the companies surveyed employ no more than 5 software development staff.  On average, 32% of a company’s workforce are engaged directly in software development. In companies employing no more than 20 software staff this falls to 8% and in companies with 50 or more software workers this figure rises to 59%.   
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Figure 1. Organization size


A significant number of companies rely on a limited client base (figure 2) with 48% of organizations reporting less than ten clients and 30% of organizations relying on only one client. 
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                        Figure 2. Client Spread

71% of software development organizations are indigenous NI companies with only 18% being subsidiaries of multinational organizations. 12% are associated with parent companies in the U.S.A. Those organizations with a parent company outside NI tend to employ more software development staff than the indigenous companies. In fact, the average number of software developers employed by such companies is 125 compared to an average of 25 software development employees for indigenous companies.  

61% of all employees in organizations concerned with software development, have received a graduate level education with an additional 17% reporting lower level education. 22% have received no further or higher level education. 61% of the founders of the organizations had at most 10 years of work experience at the time the company was formed, while 24% of founders reported no more than 5 years experience. The overwhelming number of employees are drawn from the local population with only 6% originating from outside NI.

45% of software development is bespoke (made-to-order) in nature (figure 3) with a fair proportion of training and consultancy services being sold as a corollary. 
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Figure 3.  Development Activities.

55% of this work is for a market external to NI, with evidence suggesting that this market is dominated by sales into Great Britain, the Republic of Ireland and the U.S.A. 

Market sectors are varied (figure 4) with 71% of companies concentrating efforts on developing applications for a single market sector. 
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Figure 4.  Market Sectors.


3.2 The Technical Profile
Figure 5, shows a wide range of application types developed by NI organizations. Many companies develop transaction processing systems and web-applications. Those organizations developing web applications tend to be small, indigenous companies while those developing transaction processing systems are older more established organizations. Other types of systems development is widespread with 25 companies engaged in real-time systems development.

[image: ]

Figure 5.  Types of development.

Most organizations do not integrate hardware and software with only 36% of companies actually engaging in systems engineering. The average development team size for all companies and applications is 4 people (figure 6).
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Figure 6. Typical Team Size.

95% of indigenous organizations use web development languages and 11% of organizations continue to work on older COBOL applications.
 
89% of organizations report using computer aided software engineering tools during systems development but the degree of sophistication of the tools used varies greatly with only a minority of companies (9%) utilizing what might be regarded as full computer aided software engineering  technology. 75% of companies use some form of configuration management tool (figure 7).
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Figure 7.  Configuration Management Usage.
Only 38% of organizations claim to adhere to a recognized quality standard. Of the companies following such standards, 76% have ISO 9001 accreditation. While only 14% of these companies are currently engaged in software process improvement, 90% want to become involved in such a program.

With 62% of companies surveyed not following a recognized standard there is an expectation of low methodology usage but surprisingly 57% of organizations claim to use a methodology, however only 18% of organizations use a formal methodology (figure 8).
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Figure 8.  Methodology Usage.

4. Analysis & comparison with other software development regions

4.1 Areas of concern highlighted within the NI software industry survey, but shared with other software development regions
NI software organizations are more concerned about management activities than technical areas (figure 9). The four areas of most concern are

1. Estimating task size
2. Managing risks
3. Productivity
4. Consistency across teams
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Figure 9. Areas of Concern.


Small organizations in particular have experienced difficulty with estimating task size. In part, this is simply due to the lack of project management expertise but for many organizations, the lack of experience in developing products for a wide client base plays its part. Project managers are not exposed often enough to the variety of applications which might be available with an increased client base, consequently loosing the opportunity to build experience in task size estimation for different applications. If historical information is available for a single application area then accurate estimates may be determined based on this data. In any case, low adherence to standards and low tool usage lessens the chance of maintaining a repository of historical project information.
For larger organizations, who demonstrate proficiency in task size estimation the issue is one of certainty. Increasingly in our competitive market, companies are being asked to produce confidence measures, illustrating how confident the company is in its estimations for future projects. There is a need here for expertise in more analytical methods of task size estimation, where confidence measurement is a key feature. 

Small companies are immature in their handling of risks. Again this is a consequence of the failure of many organizations to maintain historical project data which acts as a yardstick on which to assess risk. Indeed, many of our local software development organizations fail to implement any form of risk management strategy, content simply to gamble on outcomes rather than assess and mitigate potential problems.

The survey statistics also highlighted some process areas that were of concern for large organizations but not for smaller organizations and vise-versa. For example, the larger organizations were concerned with maintaining consistency across teams whereas this was not an issue for the smaller companies. Instead smaller organizations were more concerned with keeping abreast of new technology, whilst this was not an issue of concern for the larger software companies. 

At least some technical issues have been highlighted as concerns. Some companies in market sectors such as finance and insurance have reported higher frequency release cycles for their products when compared to other sectors such as telecommunications. This is driven by greater adaptive maintenance in applications responding for example, to frequently changing insurance regulations in a worldwide market. The technical need here is for rapid or agile life-cycle methods which in the past have been resisted by those software developers more accustomed to a traditional development paradigm.

From analyzing software development reports from other regions, the concern areas highlighted within the NI survey findings reflect the concerns present within other software development regions. For example, the areas (task estimation and risk management) recognized as being of highest concern to the NI software development industry are also reported as being high concern issues within the Indian[7] and Chinese[5] software development industries (under the umbrella of project management, which would also include project tracking and planning (medium concern to the  NI software industry)). Additionally, productivity is listed as the third highest area of concern with the NI software industry and this is also recognized as a major area of concern for the Indian[7] and Japanese[6] software development industries, and is assigned a national priority within the Chinese[5] software industry. The Indian[7] and Chinese[5] software industries also had some concern in relation to product quality and process adherence and this was also observed within the NI survey findings. The smaller companies within the NI s/w industry were greatly concerned about introducing and keeping up to date with the latest technology and this is recognized as a major issue within the entire Japanese[6] and Indian[7] software industries as opposed to just the smaller companies. Some major issues that are present particularly within the Indian[7] and Japanese[6] software industries but were not reflected within the NI survey are the need for greater innovation (as a result of INI fostering entrepreneurs this is not an issue for the NI software industry) and the desire to reduce attrition (this currently is not an issue within NI as recruitment is very limited). Also, team communication is recognized as a major issue for Indian[7], Chinese[5] and Japanese[6] software companies when interacting with western counterparts due to the geographical, time, culture and language differences, but this does not present the same challenges to software companies based in NI or the Republic of Ireland[3]. 

4.2 Process improvement within NI and other software development regions
Within the NI software industry, general awareness of standards applied to software development is low. However, there is significant awareness of the ISO9001 family of standards. Too few organizations are aware of the concept of software process improvement and more alarmingly, the importance of software process improvement for increasing market penetration worldwide, particularly in the U.S.A. Several companies have already experienced difficulties in competition with software development organizations from abroad, for work in the U.S.A. Interestingly the prime factor here was not simply cost, but the quality agenda as a whole, with competitor companies having engaged in process improvement programs. This seems to contrast sharply with findings for the Republic of Ireland[3], where a significant number of companies are “increasingly interested in both ISO9000 and CMM (with SPICE also starting to receive some attention).” This can be explained by the investment made by the Republic of Ireland government agencies in software quality initiatives from as early as 1991 towards a more export and globally oriented Republic of Ireland software industry. Indeed, in countries such as China[5] there is considerable recognition of the importance of quality in software development with the Chinese government not only setting up government agencies with responsibility for building the maturity of the Chinese software industry but also offering subsidies to software enterprises that engage in CMM/CMMI based maturity evaluations. Unlike NI the Indian[7] software industry has for a number of years recognized that in order to attract overseas companies to contract work to India they would be required to provide them quality assurance in terms of deliverables. Consequently, the Indian software industry has engaged in software improvement initiatives such as CMM and remarkably now claims more than 55% of the CMM/CMMI level 5 companies worldwide. Due to the language barrier the Japanese[6] software industry has introduced CMM/CMMI somewhat slower than the other nations (with the exception of NI) mentioned within this paper, however it has now been focused on process improvement for a couple of years. To overcome the language barrier the Japanese Software Process Improvement Consortium was formed in October 2000 to publish a Japanese version of CMM v1.1 so that software process improvement could be promoted. In particular, the embedded software companies within the Japanese software industry have recognized the need for product quality and are implementing process improvement initiatives.
A consequence of not attaching sufficient importance to standards is the lack of a formal methodological basis for the software development work carried out in NI. However, there is more evidence of methodology use in those companies locally who employ geographically distributed development teams. Too often though, companies are driven by their entrepreneurial managers and directors who know the processes well and act as mentors to other staff members. Methodology is sacrificed in favour of a set of loosely defined techniques.  Although all companies have a strategic plan which addresses training, training is largely event driven. Small wonder then there is concern expressed about productivity and consistency of work practices.

A surprising number of organizations use tools during software development. However, when analyzed further, few of these instances are examples of full computer aided software engineering tools, a consequence of limited methodology adoption and indeed the small size of local organizations.

The software industry in Northern Ireland has many success stories not least of which is the ability to attract investment from multinational organizations who can capitalize on the availability of a well educated workforce and of course the economic infrastructure provided by organizations such as INI. These companies employ a large proportion of the software engineers in NI and are very conscious of standards and practices in software engineering. Many of these companies import a sense of urgency in the adoption of best practice from their parent structures and this has had a positive effect on many indigenous software organizations. 96% of organizations surveyed regard process as being fundamentally important and after awareness raising sessions by CSPT and the positive experiences of the multinationals, 73% of software companies in NI would desire to engage in some form of software process improvement program (figure 10), particularly using lighter approaches such as Class C CMMI appraisal methods.

Many of the software organizations in NI are small and driven by entrepreneurs who accept too much of the technical responsibility for developing software. There is a reliance on these highly motivated and skilled individuals.
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Figure 10.  Desire for SPI.

[bookmark: _GoBack]These organizations might be characterized as lower maturity organizations, with little methodology adoption, low awareness of standards in software process improvement and poorly defined software development and management practices. Testimony to the dissatisfaction with management processes is evident in the survey, where most concern is expressed, not on technical activities but on those of project management. This is characteristic of low maturity. 
5. Summary and future work
CSPT is tasked with helping organizations in NI, improve their software development processes. CSPT is late into the game. Many similar bodies have already been established in other parts of the world, including all of our closest neighbours and countries more remote such as India[7], China[5], Japan[6], and Turkey[1]. 

The purpose of this study was to obtain an accurate understanding of the nature, character and quality of the software development organizations in NI.  No particular hypothesis was tested. CSPT was simply not in a position to form a hypothesis without some significant background data and information. We feel that this has now been achieved. Some interesting propositions for argument can now be more reasonably formulated. For example, 
· Is the NI software industry comparable in size and character to other similar regions of the world?
· In what ways does the presence of multinational software development organizations have a positive impact on indigenous companies?
· Is lack of compliance to international standards on quality inhibiting growth?

to name but a few. This study will continue. It will build its population base to encompass an anticipated two thirds of the software development companies in NI. We will compare our profile with other regions of the world. Importantly, any software development organization whose maturity is assessed by CSPT will be able to compare its performance within a local, national and international context.
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