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Abstract:  This paper reports on the research phase of a project that has informed the development of a qualification aimed at meeting the professional development needs of relatively recent graduates working in the ICT sector in New Zealand.  The paper describes the development of a successful funding bid under the Growth and Innovation Pilots Initiative (GIPI) made by a broad consortium of professional and industrial bodies, universities and industry representatives.  The research was divided into three phases: desktop research into national ICT human resource development initiatives, focus groups and individual interviews, and broad surveys. 

The research identified a range of knowledge, skills and attitudes needed in the first five to seven years of graduate development and confirmed the need for a new in-service qualification to deliver and enhance them.  In addition recommendations are made on the importance of graduates gaining knowledge of international standards and best practice both in undergraduate education and later in professional development.

Key Words: Graduate professional development, ICT Sector
Introduction

Late in 2003 the Tertiary Education Commission (TEC) called for proposals for “Growth and Innovation Pilot Initiatives” (GIPI).  In 2002 the New Zealand Government had introduced a growth and innovation strategy, which was followed by the establishment of task force groups for the three focus sectors of biotechnology, design, and information and communication technology.  The purpose of the task force groups was to advise the government on what steps were required to enable the goals identified in its strategy to be achieved. The purpose of the Growth Pilots was to support initiatives aimed at enabling Tertiary Education Organizations (TEOs) and the focus sectors to work together to provide more industry relevant education and research, and to be to be more entrepreneurial.  A second aim is to provide the TEC with further information for policy development in support of more involvement between the TEO’s and Growth and Innovation Focus (GIF) sectors, as well as small and medium enterprises (SMEs) including emerging technology based businesses.  A common theme identified by the task force groups was the need for more professional development of the labour force.  Specifically the ICT task force recognised the need for more and better sector matched professional development opportunities for graduates working in the sector.

The call for GIPI proposals proved to be timely.  IPENZ, the Institution of Professional Engineers New Zealand, was at the time considering the general problem of how to move professional development activities from a credit for attendance base to credit for mastery.  In response to the call for proposals IPENZ convened a meeting of a group of representatives from interested TEOs, professional bodies and industry to meet as a consortium and to make a proposal for GIPI funding. The meeting held in January 2004 included representatives from the New Zealand Council of Engineering Deans (NZCED), Telecom, the Information Technology Association of New Zealand (ITANZ), the Engineering and Technology Industry Training Organization (ETITO), the Hi Growth Project, and the New Zealand Software Association and IPENZ.  Subsequently EDS New Zealand, Endeavour Capital and the New Zealand Computer Society (NZCS) representatives joined the Consortium.  

A proposal was negotiated and funded. The needs of the broadly defined ICT industry were researched. This research was used as the basis for a second proposal for the funding the design, curriculum development and promotion of a new qualification. The second proposal was funded and resulted in a new qualification, the Postgraduate certificate in Professional development (Electronics and ICT) offered by a consortium of TEOs with Massey University playing a lead role by gaining CUAP approval and administering the qualification. Massey has a long history of extramural education. This paper primarily reports on the initial research leading to the design of the qualification.  For details see full report at http://www.ipenz.org.nz/tec_gipi/Docs/TEC_Research_Report_Final_Version.pdf

The Initial Research Phase

The consortium made a proposal to TEC with the title “Professional Engineers for the Future.” The initial proposal made provisions for both research into the needs of graduate engineers working in the sector and the development and delivery of a suitable qualification.  After negotiation it was agreed that TEC funding would be provided for the research phase of the proposal extended to include the occupational group of computer science.  Co-operation with the other TEOs including the ETITO conducting associated projects was also required.  Funding of $135,000 was committed with Massey University awarded the contract as responsible TEO, most of the funding subcontracted to IPENZ to be responsible for the detail of the research. One of us, Sharon Wagg of IPENZ, was the nominated researcher with half of her time committed to the project over the period 30 June 2004 – 1 March 2005.

Key Issues for the ICT Sector in New Zealand

Members of the consortium for this project identified the key issues below as having a strategic impact on the growth and development of the ICT sector:

1. New Zealand is lagging behind Europe and the USA in developing an entrepreneurial culture, which impacts on our international competitiveness (See ICT Task Force, 2003).

2. The majority of companies in this sector use imported systems and customise them rather than develop products and innovate. For example Customs figures indicate that in 2002 IT hardware imports were worth $2,416 Million (CIF), and IT hardware exports $237 million (FOB) (Ministry of Economic Development, 2003).  This is a ratio of roughly ten to one.  Software figures are difficult to obtain because transactions are often over the Internet, however a similar imbalance would also be evident.

3. Approximately 250 engineers graduate per year with a four-year qualification related to the ICT sector and are capable of product development and innovation. Few with two or three-year tertiary qualifications have this capability.

4. ICT graduates are often not getting the opportunity to use the full range of their professional skills, and they work in isolation from their professional peers.

5. Many engineers, ICT professionals, and people in ICT engineering related work are employed on a project or contract basis.

6. ICT professionals’ and engineers’ professional development tends to be ad hoc and independent of processes used by other engineering and professional disciplines.

7. Engineers and ICT professionals tend to work with qualified people from other disciplines, and under managers with poor knowledge of engineering and computer science.

8. ICT workers are not required to provide evidence that they are developing and maintaining their competence in order to stay in employment.

9. In the current environment, engineers and ICT professionals tend to leave the ICT sector for other engineering and para-professional sectors.

10. The first Software Engineering graduates have come onto the employment market. Both the University of Auckland and Massey University offer IPENZ accredited BE degrees in Software Engineering.  Software engineers are trained to produce reliable, consistent, maintainable software for industry. There is a need to provide for their professional development in order to develop and maintain standards in their engineering discipline.

11. The Gartner Report (2003) identifies software outsourcing as one of the strongest growth areas globally.

12. There are no minimum skills or qualification requirements at entry level to the sector.  Many software developers and professionals are self-taught or come into the sector from another disciplinary area.

13. In New Zealand there is more focus on provision of services than on developing products and intellectual property.

14. Large organisations who employ people on a contract or project basis to work on systems implementation and maintenance, do not invest in staff development. 

15. If there is an investment environment in which organisations can raise capital for product development, then there is a need for skilled people to develop those products.

16. If industries in the ICT sector are to be internationally competitive then they must be able to conform to international process standards. However, compliance to such standards is not yet mandatory in New Zealand. There is a need to develop and/or adopt good processes and practices to meet international expectations.

Set against this background, the purpose of the research was to identify the knowledge and skill gaps of engineers and ICT professionals to enable professional bodies, industry associations and tertiary education institutions to better meet the needs of the ICT sector and so assist New Zealand businesses to compete successfully in the world market.

Methodology 

The research was divided into three phases.  In the first phase desk top research was conducted to identify overseas trends in the ICT sector; how professional bodies and companies in countries with high economic growth such as Ireland and Finland are addressing the education and training of engineers and computer science professionals in the ICT sector, and examples of certifications and qualifications offered by tertiary education organisations and industry associations suited to the needs of the sector. 

In the second phase of the research focus group interviews were conducted in Auckland, Wellington, Hamilton and Christchurch with engineers and ICT professionals in a range of positions from small, medium and large organisations in the ICT sector. In addition interviews were conducted with individual companies in Auckland, Napier and Wellington. The third phase was conducted in conjunction with the Agribusiness and Economic Research Unit (AERU) at Lincoln University. AERU has been commissioned to conduct research for a major project in this sector in the Canterbury region. The purpose of the surveys was to gain a picture of expected growth in the sector over the next five years, identify the skill gaps of engineers and ICT professionals, and how these gaps may be addressed. 

Overseas Trends 

Internationally the ICT sector contribution to economic growth is of concern and interest so the Digital Strategies for a range of countries including Singapore, Hong Kong, Ireland, Finland and Germany were reviewed. The strategies adopted for the next three to five years were similar. One of the key strategies is to support education and training to develop and maintain the knowledge and skills of both workers in the ICT sector and users in the general population. For details please consult the original report and note the bibliography to this paper.

Research Results

Focus Group Interviews

In August 2004 a series of focus group interviews were held in Wellington, Christchurch, Hamilton and Auckland. Representatives from 21 companies attended. During September 2004, interviews were held with representatives from 15 other companies in the Wellington Region, Auckland and Napier, to gain a more comprehensive view of the sector. The findings were consistent across companies and locations.

A wide range of people attended the interviews – principals of companies, technical directors, research and development managers, human resource managers, technical experts, senior engineers, manufacturing engineers, junior engineers who had entered the workforce in the last 5 years, consultants, software engineers and developers, project managers, chief information officers, market development managers. The term “engineer” was used in a variety of ways across the sector and was applied to people maintaining the printing machine to professional engineers with four-year engineering degrees and/or postgraduate qualifications.

The focus groups and interviews sought responses in the following areas: receiving recognition in the workplace, the value of a qualification, the knowledge and skills needed on entry to the workplace, a professional development programme for graduates, the predictors of high fliers, a professional development programme for mid career professionals and whether these professional development programmes could be formalised to postgraduate qualifications suited to the needs of the sector. 

Online Surveys for Employers and Employees

During August and September AERU at Lincoln University and the IPENZ facilitated consortium collaborated to design online surveys
 for employers and employees in the ICT sector. The occupational categories in the surveys were based on the Standard Classification of Occupations being developed by the Department of Statistics and the Australian Bureau of Statistics (2004). The Advisory Group for the IPENZ facilitated consortium reviewed the categories and the surveys were tested with participants in three of the focus groups before being distributed online.

The surveys were distributed to:

· 100 company members of ITANZ

· 100 company members of the New Zealand Software Association

· 190 company members of the HiGrowth Project

· 1800 individual members of the New Zealand Computer Society

· 150 companies selected by AERU and IPENZ.

Key Findings

Overseas studies show that business, professional bodies, industry associations and tertiary education organisations are highly collaborative in addressing the education and training needs of engineers and ICT professionals in the ICT sector. In countries with high economic growth from the contribution of the ICT sector such as Ireland, Finland and India a strong emphasis has been placed on life-long education and training to not only encourage people into the sector with high quality skills but also further develop and maintain good practice.

Professional bodies and industry associations overseas are increasingly offering internationally recognised quality marks and certifications.  They signal that the holder is demonstrating good practice in the profession. When a number of employees in an organisation have quality marks, the individual and the organisation have a competitive advantage.  Accreditation of systems and processes in an organisation to an international standard such as CMMI recognises that the organisation is using a defined level of process maturity in its operations. This accreditation provides competitive advantage in the world market (See Jackson, 2004 and Australian Computer Society, 2004).

Tertiary education organisations in Australia and the USA have designed successful, flexible professional development programmes at postgraduate level with formal recognition to meet the life-long learning needs of engineers and ICT professionals. They have created a culture amongst graduates to participate in further education.

The diversity of the ICT sector in New Zealand was highlighted when interviews were conducted around the country to identify the knowledge and skill gaps of engineers and ICT professionals. The culture of the organisation was an important factor in the level of commitment to professional development and understanding of the value of quality marks and international standards, not the size or location of the organisation. The level of commitment and understanding varied.  Often on-the-job learning was perceived to be most valuable. Evidence from other countries suggests that the growth of export opportunities is at risk in New Zealand through inadequate commitment to high-level knowledge and skills development and international standards.

Engineers in a manufacturing environment designing and developing a product generally had three or four year qualifications and needed a common set of knowledge, cognitive and technical skills combined with specialist knowledge, technical and cognitive skills and encouragement from their management to develop professionalism in the early stages of their careers. If they became technical experts they developed more advanced technical skills, or leadership and management skills if they assumed managerial roles. ICT professionals in service industries tailoring solutions for industry had vendor certifications and more varied levels of qualifications. Strong customer service skills and internationally recognised vendor certifications were highly valued. Sales and marketing skills were required in the ICT sector to take the product/service to market. Engineers and ICT professionals needed an understanding of the interface between their areas and sales and marketing (See British Computer Society, 2004; University of Technology, 2004 and Stanford University, 2004)

The majority of participants interviewed endorsed the development of a postgraduate qualification with work-based projects to develop a common set of knowledge, cognitive and technical skills combined with specialist knowledge, technical and cognitive skills for workers in the first five to seven years of employment. Such a qualification would extend the professional and technical knowledge and skills gained during tertiary education.  One postgraduate qualification could be developed for engineers and ICT professionals. However the specialist knowledge, technical and cognitive skills would need to be tailored for each group. 

Participants in the interviews were asked to identify the knowledge, skills and attitudes that graduates require in the first five to seven years of employment in both a manufacturing and consulting environment (Table 1).

Table 1  Knowledge Skills and Attitudes Required in the First Five to Seven Years

	Knowledge of
	Skills 
	Attitudes

	
	
	

	Business processes
	Able to access new knowledge
	“I can do it”

	Products
	Interact with other areas of the business
	Appropriate confidence

	Company standards
	Develop a project plan and size a project
	Communicative/outgoing

	International product standards
	Make judgments
	Stop seeing engineering as an end in itself

	Industry trends
	Ask for help
	Sense of commercial reality

	Organisations roles/responses/links
	Manage a team
	Get on with other people

	Specialist knowledge eg Microsoft, Cisco, 
	Deliver a project on time
	Self reliance

	Regulations 
	Be technically literate
	Flexibility/adaptability

	Design for manufacturing 
	Provide technical support
	Initiative

	Technical supports 
	Oral & written communication
	Good judgement

	Interface between sales and marketing 
	Be commercially realistic and solution focussed
	Ethics

	Developing documentation 
	Problem solving/building solutions
	Persistence

	Project management 
	Form alliances and networks
	Discipline

	Theoretical tools 
	Recognise own limitations
	Take responsibility

	Employment Relations Act 
	Roll out product to users – gain buy-in and provide training and support
	Curious

	Financial management 
	Self Management – time, resources
	Committed to learning

	Compliance 
	Work unsupervised
	Team player

	Business strategies 
	Take advice and criticism
	

	Power-based selling 
	Identify customer needs
	

	Testing 
	Develop benchmark tests Beta test
	

	Software lifecycle 
	Coach others/share knowledge
	

	Leadership strategies 
	Determine economics of a decision
	

	Quality management
	Think creatively and strategically
	

	Product management – technical and market
	Do Estimates – time and money
	


Less importance was placed on attainment of qualifications as careers progressed to the middle and senior stages.  Experience was highly valued.  Individual motivation and company culture were key factors for workers to pursue further qualifications and/or attain international quality marks. Many people preferred to keep up to date by attending external short courses or in-house training presented by industry experts or reading technical journals in their areas of interest. 

Industry would like greater collaboration with tertiary education institutions.  It is occurring in some areas, however industry believed that it could be more widespread. Stronger links would enable greater exchange of information on industry needs and how tertiary education institutions could meet them.

Recommendations

That knowledge of international standards, best practice and their importance is introduced to learning programmes for the ICT sector. They should be included in all types of undergraduate, postgraduate and continuing education programmes offered by tertiary education institutions or other providers.

That professional bodies, industry associations and tertiary education institutions take a greater role in disseminating information on the importance of individuals and companies complying to professional and international standards to achieve global competitiveness.

Continuing Professional Development for the ICT Sector

This research has identified the need for graduate engineers, ICT professionals and those in ICT from other disciplinary areas who have recently entered the workforce to extend their knowledge and skills in professional practice and become early adopters of good practice. It takes two to three years for graduates to be fully professional and an intervention such as further education and training would accelerate this process.

There was consistent confirmation from participants in interviews and respondents to surveys that a postgraduate qualification with work-based projects for graduates would be useful for both the manufacturing and service areas of the sector. 

Recommendation

That a postgraduate qualification be designed in consultation with industry, which incorporates a common set of knowledge, cognitive and technical skills combined with specialist knowledge, and is for engineers and ICT professionals who have recently entered the workplace. 

Preparation of Future Entrants to the ICT Workforce

The research found that employers and managers believed the current undergraduate degrees in engineering and computer science provided a base set of technical knowledge and skills.  However professional skills and knowledge of international standards needed to be further developed on entry to the workplace. Overseas research found that a culture of postgraduate study was created in tertiary education institutions, which encouraged graduates to continue or return to postgraduate work. This culture is not evident in New Zealand.

Recommendation

That topics on international standards are introduced to future entrants to undergraduate ICT-related degrees and a culture is created in New Zealand tertiary institutions teaching in ICT which encourages more graduates to continue or return to postgraduate study.

Conclusions

This research has confirmed the importance of collaboration between industry, professional bodies, industry associations and tertiary education organisations to the development of future talent and skills to be developed in the ICT sector. Widespread support for the development of a postgraduate qualification suited to the professional needs of engineers and ICT professionals in the early stages of their careers shows this is an area of concern for the sector. Further work needs to be done to persuade the sector to place a higher value on life-long learning and professional and international standards.  This can only be achieved by the enhancing links between industry, professional bodies, industry associations and tertiary education organisations.

A postgraduate qualification has been developed with design, content and delivery based on the research summarised in this paper. (See www.ipenz.org.nz/pgcert/).
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