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Foreword

I am pleased that the Institute for Research into International Competitiveness has produced this most informative study of the contribution that Curtin University of Technology makes to the State of Western Australia, and thus the nation, through its teaching and learning and research and development activities.  As the Vice Chancellor of this vibrant and exciting place of learning, I am very aware of the scope and size of the University and it is apparent to me that this must translate into a considerable contribution to the State and to the Nation, both in terms of its economic life and its cultural life.

At this time of global change, mixed with competing claims on our society’s scarce resources, there is considerable pressure on universities to demonstrate that our citizens are investing wisely in the resources that are devoted to tertiary education. We, at Curtin, are most aware of our responsibilities in this respect and commissioned this study to allow the stakeholders in the university - our staff and students, parents, government and, most importantly, all the taxpayers who ultimately contribute to the funding of the University - to gain some quantitative and qualitative information about the economic impact of the University.

Professor Kenyon and his team at IRIC have produced an excellent assessment, one which in the great tradition of academic scholarship has been subjected to peer review.  We took this important step so that both the authors and readers can be confident that the results presented here are accurate and reflect the ‘state-of-the art’ in terms of research methods and presentation. I would like to take this opportunity to thank Professor Peter Dawkins, the Ronald Henderson Professor of Applied Economic and Social Research at the University of Melbourne’s Melbourne Institute of Applied Economic and Social Research for undertaking this task. His report is attached to this study as an appendix.

I commend the study to its readers and look forward to the contribution that the study makes to our understanding of the place that Curtin University has in our society as we move to the beginning of the 21st century.

Professor Lance Twomey, AM

Vice-Chancellor

Curtin University of Technology

1 June, 1999
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Executive Summary

In a time of change due to international economic pressures, summarised by the term 'globalisation,' the relationship between universities and the state is under scrutiny. Universities are large businesses which have much to contribute to their host communities and are increasingly required to be accountable to their host communities for the resources invested in their teaching and research activities.

Curtin is currently educating some 24,500 students, just over 3,000 of which are international students studying in Western Australia. It employs about 2,500 staff; some 1,200 of these are academic staff largely involved in teaching and research and about 1,300 are general staff largely involved in administration and service delivery.

These numbers suggest that Curtin is a major business. It is. It has an annual turnover of some $250 million, making it Australia's tenth largest university in terms of gross revenue. This would place Curtin as the 11th largest private business in the State and about the 600th largest business organisation, whether government owned, publicly listed or privately owned, in Australia.

The economic impact of the University on the State of Western Australia can be measured in three major ways:

1. The direct and indirect income and employment generated in the State through its activities (including the generation of export income);

2. The enhancement of the State's (and nation's) human capital through its education of university graduates; and

3. The creation of wealth through the spillover effects to government and business of its research and development activities. 

The first of these two contributions are relatively easily measured. The third contribution, although very real, is quite difficult to measure.

Assessing the direct contribution of the University to WA's Gross State Product in 1996, this report shows that the University contributed some $204.3 million through its expenditure on staff, non‑wage purchases and net capital expenditure. Students contributed some $63.8 million through their expenditures while international visitors (largely visitors of international students) contributed a further $5.1 million. Finally, staff contributed another $1.71 million by way of consultancy income. 

This aggregate income of $274.9 million translates into a total direct plus indirect contribution of $434.3 million, once the additional income generated elsewhere in the economy from this direct contribution is taken into account.

This contribution to the State's economic activity generated some 3,981 jobs in 1996, made up of the 2,364 jobs generated directly by Curtin and a further 1,617 jobs generated indirectly elsewhere in the economy.

Curtin's international students and their visitors generated some $76 million in export revenue for the State (and the nation).

This report also shows that Curtin adds about $370 million in additional net human capital for each of its graduating classes through its teaching and learning activities. The data show that for every dollar that the government contributes to a student's education, it gets back $1.15 in additional (discounted) tax revenue from the enhanced salaries achieved as a result of a Curtin University education. The private payback to students on their investment in a Curtin education is considerable. The data show that for every dollar invested in their education, they will receive an additional (discounted) lifetime return of $3.16 as a result of being a Curtin graduate.

The study also assessed the additional flow-on effects on the State’s economy from the University’s research and development activities.  Curtin is either home to or participates in 39 major Australian research centres or institutes, including 8 National Cooperative research centres. Annual research income to Curtin amounts to over $25 million. While recognising the difficulty in estimating the spillover benefits of university research to industry, it has been estimated in the report, using a number of methods, that the additional spillover benefits to the State that flow from the University’s R&D activity amount to some $65 million.  These benefits are additional to the direct and indirect benefits of actually carrying out the research (covered in the $434 million contribution referred to above). A number of case studies of research projects are presented to illustrate the specific benefits that have flowed to industry as a result of Curtin research. These case studies illustrate the capacity of Curtin’s research and development activities to provide solutions to important problems facing society.

The report also explores the economic impact of the WA Technology Park and Technology Precinct which are in the immediate neighbourhood of the main Bentley campus of Curtin. It finds that the direct and indirect contributions to income, output and employment of the firms that make up Technology Park are considerable (amounting to about half Curtin's contribution in terms of income and output and just slightly less in terms of employment). However ascertaining just how much of this contribution is ascribable to the relationship between the Park and the University remains problematic.

1. Introduction

The question of how universities should relate to the outside world - and how the state and the economy at large should relate to universities - is as old as universities themselves.  It is a question that has been regularly revisited, often at times of university expansion, but also frequently in the context of changes in the organisation of the economy and society in general. Australian society and the Australian economy is currently subject to considerable change due to increasing globalisation and it is not surprising then that the organisation of the university system and its relationship to the state is under scrutiny (see West, 1997)

There is mounting recognition that universities are significant economic contributors in their areas.  Not only are they major employers of labour with a wide range of skills and from a wide range of occupations, they are also significant purchasers of goods and services, and at times of expansion, substantial contractors for construction works.  At the same time, universities are major suppliers, through their graduates, of skilled labour to the community. Furthermore, they are a major focus of research and development which contributes, through increasing the pace of technological change, to society’s material and cultural growth.  These benefits are not static.  Experience in Australia and abroad shows there is a continuing cultural and economic synergy between universities and their host communities which leads to the economic and social development of communities.

A second factor, which has driven universities to examine their relationship with their host communities, is the increasing demand for them to be accountable to their stakeholders.  Whether predominantly public universities (as in Australia) or private universities (as is the case with a large proportion of the US higher education sector), it is recognised that governments devote considerable resources to the university sector.  In the case of public universities, this commitment is obvious and transparent. However, even in the case of private universities, there is still a considerable public resource input – at the very least through public research funds in the form of competitive research grant schemes and through contract research and consultancy, but also typically through tuition scholarships and subsidies.  In the age of economic liberalism, there is a demand that these public commitments be scrutinised for their effectiveness compared with other demands on public funds.

Curtin University of Technology has an outstanding reputation based upon its contributions to the state, national and international community through its production of graduates of high quality and its research output. However, although its reputation is high, there is a need to back this subjective evidence by a more detailed objective estimate of the value of Curtin to its community.

The major objective of this study is to provide a quantitative estimate of the total economic effect of Curtin University of Technology on the Western Australian economy.  It should be recognised at the outset that there are many ways in which a significant impact is made but which are not measurable in monetary terms.  These include Curtin’s contribution to cultural, social and political aspects of society through its staff, students and its campus life.  Even if their value cannot be expressed in money terms, these contributions and externalities will be explicitly acknowledged and some discussion of their value will be provided.

There is a wide range of means through which Curtin University contributes to the Western Australian economy, which this study has attempted to quantify.  These contributions come through (at least) the following factors:

· Curtin enhances the value of human capital through the University’s teaching and learning functions.

· Research and consultancy services engaged in by Curtin staff lead to the enhancement of the knowledge base in the State and to the development of commerce and industry through the application of knowledge to social, commercial and industrial problems.

· Through its international student operations, Curtin is a major exporter of educational services.

· Curtin is a major employer in the State.

· Curtin is an important purchaser of goods and services.

· Curtin students inject a large amount of extra spending into the State economy.

· Visitors to Curtin also contribute to the economic value of Curtin through their purchases of goods and services as a result of their visits.

· Spending by the University, its staff, students and visitors induces, via the multiplier process, changes in income and employment elsewhere in the economy.

Most of these factors have direct and indirect or induced effects on the economy.  In this study, these economic effects arising from Curtin’s operations are estimated.  Estimates of the economic contribution of the University are a reasonable approximation of the annual contribution of the University to the State economy.

Source data for the study came from a combination of financial and statistical data provided by the University Finance and Statistics Office, various university publications and mail surveys of staff and students conducted towards the end of 1997.  These surveys covered not only the main Bentley campus, but also campuses located at Shenton Park, Joondalup, the Central Business District, Kalgoorlie and Northam.

It should be noted that complete data were only available for 1996 at the time that much of this report was written. Secondly, the surveys of students and staff were carried out in the second half of 1997 and surveyed income and expenditure patterns and other issues for 1996. Therefore, technically, all the estimates of economic impact given in Chapters 4 to 7 refer to the economic impact of the University in 1996. However, year to year fluctuations in relevant data are not great over the short term and so the economic impact for 1999 will be approximately the same as that estimated for 1996.

Finally, because 1997 was the first full year of the operation of Curtin University of Technology, Kalgoorlie, the effects of the amalgamation of Kalgoorlie College with the Western Australian School of Mines in 1996 are not included in this report. However, preliminary analysis of available 1997 data does not suggest that the overall economic impact of Curtin will be significantly affected by the full inclusion of the expanded Kalgoorlie campus.
2. Curtin University of Technology: Basic Dimensions

The foundations of Curtin University come from two decades of teaching and research as the Western Australian Institute of Technology (WAIT).  In 1987 a special enabling act, The Curtin University of Technology Act, was passed in the Western Australian State Parliament. This Act established WAIT as Curtin University of Technology making it Australia’s first university of technology. Over the last three decades, and in particular over the last decade, WAIT and then Curtin has developed an international reputation for its highly relevant student programs, its global outlook and its emphasis on research directed at providing solutions to problems in many fields of human endeavour. The University is a multi-disciplinary institution, with a strong academic and research record across the sciences, engineering, business, social sciences, humanities and the arts, education and information technology. 

2.1 
Physical Dimensions
The University has four campuses in Perth. The main campus, located in Bentley, Western Australia is situated on 112 hectares of landscaped gardens and sports facilities and is approximately six kilometres from Perth’s central business district. At the time the research was carried out, there was a second smaller campus at Shenton Park offering courses in podiatry, occupational therapy and physiotherapy (since this research was completed, some of the Health Sciences have located to the Bentley campus). The University also has a new campus in Joondalup and has its Graduate School of Business in the central business district of the City of Perth. Outside the Perth metropolitan area, the University has two major campuses: Kalgoorlie, located in the City of Kalgoorlie-Boulder, which includes the Western Australian School of Mines, noted for its courses in mining, minerals engineering and geology; and The Muresk Institute of Agriculture, which conducts courses in agribusiness management and agricultural technology and which is located near the town of Northam.

2.2 
Structure of the University

The University is structured into four teaching divisions: Humanities; Engineering and Science; Health Sciences; and the Curtin Business School. Courses are also taught in the Western Australian School of Mines and the Muresk Institute of Agriculture. The Division of Research and Development ensures the University’s commitment to high quality applied research. The Australian Institute for University Studies (AIUS) at the Joondalup campus offers business, pharmacy and mass communication courses. 

Aside from the core structure of the University, Curtin also has a strong network of research institutes and centres. Curtin is a major participant in six cooperative research centres (CRCs): 

· A J Parker Co-operative Research Centre in Hydrometallurgy;

· Australian Maritime Engineering Co-operative Research Centre;

· Australian Petroleum Co-operative Research Centre;

· Australian Co-operative Research Centre for Renewable Energy;

· Co-operative Research Centre for Australian Mineral Exploration Technologies; and 

· Co-operative Research Centre for Broadband Telecommunications and Networking.

Curtin also participates in two more CRCs , in a supporting role:

· Co-operative Research Centre for Mining Technology and Equipment; and 

· Co-operative Research Centre for Satellite Systems. 

Other national research centres include the National Centre for Research into the Prevention of Drug Abuse and the Australian Centre and the National Centre for South Asian Studies. 

2.3 
Student Population 

In 1997 Curtin’s total enrolment was 24,551 students, making it the largest university in Western Australia. Table 2.1 shows the breakdown of student numbers into academic divisions.  The Curtin Business School is the largest academic division with 8,411 students in total, followed by the Division of Humanities (5,743 students), Division of Health Sciences (5,007) and Division of Engineering and Science (4,270). The Muresk Institute of Agriculture (565) and the WA School of Mines (398) have smaller enrolments. Curtin’s enrolment is approximately 53.8 per cent female. Women comprise 13,209 of total enrolments and males number 11,342. Approximately 13,500 Curtin students are full-time, representing around 54 per cent of the total. The university also has a substantial external enrolment of 1,927, or around 7.8 per cent of the total student population.

Table 2.1

Curtin University of Technology Student Numbers by Academic Division, 1997

Division
Student Numbers
Percentage of Total

Curtin Business School
8,411
34.26

Humanities
5,753
23.43

Health Services
5,007
20.39

Engineering and Science
4,270
17.39

Muresk Institute of Agriculture
565
2.31

WA School of Mines
412
1.68

Other
133
0.54

Total
24,551
100.00

Source: Curtin University Planning Office, web page: http://www.curtin.edu.au/curtin/dept/planstats/stats.htm

Curtin has 18,668 (or 76 per cent of total student numbers) enrolled in a Bachelors degree. The University has a growing commitment to higher degree teaching, especially the supervision of research students. In 1997, the University had 1,003 higher degree by research and 1,582 higher degree by coursework students. In addition, there were another 2,512 students undertaking postgraduate courses. There were a further 786 students enrolled in diploma or not for degree courses.
Over the past decade, Curtin has had an ongoing and strong commitment to the internationalisation of its academic programs. An important aspect of this direction has been the University’s export focus, which has put the provision of educational services to overseas students at the forefront. This places Curtin as one of the leading Australian universities in terms of developing an international student program. In 1997, Curtin had approximately 5,185 overseas students enrolled at its various campuses. The bulk of overseas students come from the South-East Asian region, with Malaysia and Singapore being the major sources of students, followed by Indonesia. Despite the financial crisis facing the region, there appears to have been no reduction in overseas students from these countries in 1998 and, indeed, preliminary data show that overseas enrolments appear to have increased on the 1997 figures.  

The immediate benefit from the internationalisation of Curtin is the direct and indirect economic impact of overseas student expenditure on fees and associated living and other expenses in this state. These are estimated in this report. However, a major long-term benefit is the building of business and social and cultural networks across the region.  These longer term benefits are difficult, if not impossible, to quantify. Yet they may constitute the greatest benefit of the internationalisation of Curtin in the long run.
2.4 
Staff Population

Table 2.2 shows the University’s staffing profile for 1997.

Table 2.2

Curtin University of Technology Staffing Levels (full time equivalent), 1997

UNIVERSITY  STAFF
Number
Per cent

Academic
1,199.2
48.45

General
1,276
51.55

Total
2,475.2
100.00

Teaching
270.7
21.65

Research
86.4
6.91

Teaching and Research
867.7
35.05

Other
1,250.4
50.05

Total
2,475.2
100.00

Source: Curtin University Planning Office, web page: http://www.curtin.edu.au/curtin/dept/planstats/ stats.htm

In that year, Curtin employed 2,475 full-time equivalent staff. Of these, 1,199 were academics with 1,276 being general administrative staff. The greater majority of academic staff, about 868 in number, were involved in both teaching and research. There were also 271 staff involved in teaching only, while those in research only numbered 86. Over 1,250 staff were involved in other functions, notably administration. The University had 70 full Professors, 97 Associate Professors, 219 Senior Lecturers and 564 Lecturers and Associate Lecturers with a further 249 casual academic staff in 1997.

2.5 
Community Participation

During the 1995 National Quality Audit of Australian Universities, Curtin was ranked in the first band for community service. This reflects the extent to which Curtin participates in and contributes to the Western Australian community, and in particular its close research links with business. Community activities of Curtin staff include the operation of 6NR radio station, Curtin Volunteers! – a community volunteer organisation – and the voluntary contribution of a large number of staff and students to professional and academic bodies, community service organisations and institutions and the like.  In 1997 the Curtin Mundjah festival, which celebrated 20 years of Aboriginal Education at Curtin was first held and this has now become an annual event celebrating Curtin’s multicultural diversity. 

The University has excellent sporting and recreational facilities, including the Commonwealth Hockey Stadium, and many of these are open to the broader community.    

Curtin has well established links with the Bentley Technology Park, which was established in 1986 and is in close proximity to the University on its north-eastern boundary. The Park, has around 60 business tenants employing over 1,400 people. Combined turnover of all businesses in the Park is $170 million, a figure that is expected to expand rapidly. 

The latest Curtin University community initiative is the development of the John Curtin Centre. The Centre was founded to honour John Curtin, Australia’s Prime Minister during World War II. It has three components: The John Curtin International Institute, the John Curtin Gallery and the John Curtin Prime Ministerial Library. The Centre was completed in 1998, and will be an important research and resource centre within the University and WA community in general. 

2.6 
University Income and Expenditure 

Based on its consolidated operating revenue figures, Curtin University is one of the State’s largest businesses. It would rank about 11th among the State’s private companies (Business Review Weekly, 1997a).  Total revenue for 1997 was $257.5 million. This makes Curtin the second largest university in the State and the nation’s tenth largest university in terms of revenue (Business Review Weekly, 1997b). The bulk of this financing came from the Commonwealth Government in the form of a block grant (Table 2.3). 

Other important sources of revenue included HECS contributions from Curtin’s domestic students and fees from overseas students. The figures highlight the important contribution of overseas student fees to Curtin’s overall income base, as well as the continuing reliance on Commonwealth funding for its teaching and research functions.

Major items of expenditure in Table 2.3 cover the academic activities of teaching and research, academic support services as expenditures on libraries and computing, student services and administration.

Table 2.3

Curtin University of Technology - Consolidated Operating Revenue and Expenditure, 1997

Source
Consolidated Revenue ($’000)

Commonwealth Government Grants
126,358

Higher Education Contribution Scheme
36,671

Fees and Charges
61,695

Scholarships & Prizes
2,672

Donations & Bequests
509

Investment Income
6,068

Trading Income
8,042

Other
15,461

Total operating revenues before abnormal items
257,476


Consolidated Expenditure ($ '000)

Teaching and Research
141,531

Research Only
18,411

Libraries
8,600

Computing
1,065

Other
2,550

Student Services
10,254

Public Services
3,172

General Institution Services (administration, overheads & other) & Other
68,692

Operating Profit Before Abnormal Items
3,201

Total expenditure
257,476

Source: Annual Report 1997, Curtin University of Technology.

2.7 
Summary

Curtin University of Technology has developed rapidly over the past decade. It is presently Western Australia’s largest centre for higher education, employing over 2,400 staff and educating over 24,500 students. The University has a high community profile and importantly it is developing international links in education, research and business. The sheer scope of the University’s activities can be seen in the large amount of revenue it attracts – totalling around a quarter of a billion dollars a year. Given this large input and the scale of the University’s activities, it is likely that Curtin will have a substantial impact on the Western Australian economy in both direct and indirect terms.

3.  Methodology and Survey of the Literature

It has been widely recognised that measuring the economic impact of universities goes beyond the results of traditional economic impact analysis (Michael, 1996).  Though the simple multiplier effects of employment and spending by Curtin University, indeed of any university, are substantial, the most significant effects are from higher incomes, higher productivity, higher employment levels, and innovation and knowledge creation brought about by the research and teaching activities of the University.  In the past, universities have measured their own economic impact in terms of their spending and employment in the regional economy, drawing from the traditional research on regional economic impact.  But only recently have universities begun the more difficult task of quantifying their economic impact more broadly to include not only the traditional economic impact assessment of the effects on employment and spending, but also returns to investment in university education and the economic impact of research. 

3.1 
Previous Studies

The methodology employed in this study draws heavily from previous investigations into the economic impact of individual universities. It is clear from an examination of the received theory and previous literature in the area that studies of the impact of individual universities employ one or all of several approaches in quantifying the perceived economic impact of universities. Following Sudmant’s (1994) study of the economic impact of Canada’s University of British Columbia, we classify these approaches as:  

1. The regional economic impact model – using conventional income/expenditure multipliers to quantify the impact of expenditures in the university as a source of jobs and economic growth in the state. This model can be extended to include the export base model which analyses the economic impact of the University as an exporter of educational services.

2. The returns to investment in university education resulting from higher incomes, levels of employment and productivity of university graduates.

3. Regional ‘spillover’ effects from universities to firms. This approach attempts to quantify the contribution of university research that flows to industry and government in the state.

(As will become apparent, we collapse Sudmant’s five ‘models’ into three, as two of his ‘models’ are for all practical estimation purposes, variants on two other approaches.)

Broadly speaking, university economic impact studies have to assess the direct and indirect effects of university expenditure in a given year. Universities in Australia have large budgets, which in turn generate substantial indirect benefits to the community. Aside from this, universities are also exporters of educational services as well as contributors to research and development in firms in the local economy and beyond. Finally, the economic impact of a university includes its contributions to the earning power of its students, over and above what would be available if the university did not exist and net of any initial private and public investment in that student’s education. 

With the exception of the University of British Columbia study, attempts to estimate the economic impact of universities both in Australia and overseas use only a selection of these approaches. The researchers in the present study have elected to follow Sudmant (1994) in using all three approaches to determine an estimate of the total economic impact of Curtin University of Technology. The rationale for this decision is to obtain a complete estimate of Curtin’s contribution to the Western Australian economy. In particular, it is important to note that Curtin has a strong presence in the overseas student market and thus the assessment of Curtin’s economic impact must include its contribution to export earnings.  In addition, Curtin has focused on conducting applied research in collaboration with government and business and, also, overseas research institutions. 

Hence, to a larger degree than is the case with many Australian universities, Curtin’s impact on its state economy goes beyond the initial direct and indirect expenditure effects of the universities academic departments. 

Adjunct to this point is the realisation that Curtin has an important community presence in Western Australia (it has a first band community rating from the Department of Employment, Education, Training and Youth Affairs). This contribution needs also to be assessed.

3.1.1 
Australian University Studies

Previous studies have estimated the economic impact of individual Australian universities. Michael (1996) assesses the economic value of the output from La Trobe University in Victoria for the year 1994. He identifies three separate components of value-added, namely: value from education, exports and knowledge creation. Economic analysis is used to justify the inclusion of each such component. 

The principal economic contribution of universities is the training and teaching of undergraduate and graduate students. This economic value can be characterised as the additional income that accrues to graduating students across the period of their working life. The counterfactual case is, of course, that of a high school student who commences participation in the workforce upon graduation. Over the short-term the decision to commence work immediately after high school is economically profitable as earnings from work compare favourably with the initial investment in a university education. However, a university education attracts a higher reward upon completion, and this wage gap is maintained and often extended over the working life of the university graduate. Hence, the initial investment in education is worthwhile over the longer term as graduates, on average, attract higher starting salaries and have higher age-earnings profiles in comparison with non-graduates.  Michael assesses the enhanced present value of human capital of 4,200 graduating La Trobe students as being $375.99 million or $89,521 per student. This represents an annual return of around 10 per cent on the initial (private plus public) costs of a degree. 

An important component of university output is that due to earnings and knowledge creation. For instance, Michael (1996) includes in this category, actual payments for research activity, estimated royalties and university consultancies. The direct economic benefit of La Trobe’s research and knowledge creation activities, Michael estimates as being $61.65 million.  If the indirect benefits of induced expenditure and income generation are taken into account through the application of an appropriate education services sector multiplier, this figure would rise to $129.47 million. 

Finally, Michael estimates the contribution from La Trobe’s international students to export income. Examining the direct expenditure of international students on fees and living expenses, he estimates La Trobe’s contribution to export earnings to be $13.20 million. 

Summing across all three categories, Michael finds that the total value of La Trobe university’s output is between $450.84 million and $533.18 million in a given year. It is important to note that the authors of the present study feel that this is an underestimate. The La Trobe study did not include the direct and indirect effects of total university expenditure on the economy as a whole. The upper estimate only includes the indirect benefits of knowledge creation and export incomes. 

Greig (1997) undertakes a similar study for the University of Western Australia. Greig adds a further item to the above list: the impact of university expenditure on the local (Western Australian) economy. Such an impact is assessed against a counter-factual of the University of Western Australia not existing. There are two aspects to this assessment. Firstly, expenditure by students attending a university only impacts on the state economy if it is exogenous, that is if such expenditure would not take place in the absence of the University. Conversely, the University provides educational services to local students – services which may not exist if the University did not – hence driving local students interstate or overseas and creating a leakage to the local economy. Greig uses income multipliers for Western Australia derived from Input-Output (IO) tables developed by the Economic Research Centre (Clements and Qiang 1995) to estimate the economic impact of expenditure by UWA staff and students. Greig estimates UWA’s total expenses in 1996 as being $254.3 million. The expenditure is disaggregated into expenditure categories that correspond directly to IO categories. After adjusting for tax and inputs sourced out-of-state, final expenditure by UWA was found to be $215.6 million dollars. Applying a multiplier to various components of University expenditure produced a final state output of $469.1 million. This study, however, excludes the impact of enhanced earnings by UWA graduates. 

A similar study was conducted into the economic impact of the University of New South Wales on the Randwick Municipality, (Milbourne, Bewley, Cumberworth, Spyrakis and Baxter, 1993). It finds that the University and its campus generate direct income payments of over $200 million per year. Total direct spending by University staff, students, associates and visitors amounts to over $120 million per year in the Randwick municipality. The employment effects of this economic activity are marked, with the University employing 5,881 persons directly and in addition to this creating a further 1,660 jobs in the immediate community. In total the University injects around a half-a-billion dollars into the local community per annum, with this figure rising to three-quarters of a billion if the impact of the University hospital is included.  This study is interesting but limited in that the impact is restricted to the surrounding municipality.

A major study by the Centre for International Economics – Assessing the Economic Contribution of Regional Universities (CIE, 1997) – stressed the importance of developing suitable counterfactuals in assessing the economic impact of universities. Hence, the economic contribution of a university is best evaluated in the presence of some recognition and discussion of opportunity costs associated with the resources universities use. In the context of this research study, the opportunity cost of Curtin University's funding is either (1) a reduction in taxes, (2) an expansion of other Western Australian universities, or (3) other forms of government expenditure, particularly in the educational sector. The Centre for International Economics found that universities have substantial positive spin-off benefits in the terms of their contribution to increasing human capital in the community, their associations with local organisations and their international links. Hence, it is important to recall these benefits when examining the estimated economic (measurement) impact of Curtin University. 

The CIE study reviewed six previous studies of the economic impact of Australian universities – Southern Cross (Davis, Buultjens and Whelan, 1996), the University of New South Wales (Milbourne et al., 1993), the University of Western Sydney (National Economics, 1997), South Australia’s universities (South Australian Centre for Economic Studies, 1996), the University of Southern Queensland (Temple-Smith and Elvidge, 1996) and the University of Central Queensland (Zimmer, 1992). It also conducted its own analysis of the economic impact of 13 regional (non-metropolitan) universities and colleges on their respective regions in 1995.  The CIE used the methodology of assessing total expenditure due to each of the universities’ staff and students in the particular region (the direct effect) and applying an appropriate expenditure multiplier to the direct effect to obtain a total direct plus indirect effect.

The individual studies are not strictly comparable with the CIE’s own estimates due to differing assumptions as to what expenditure items to include, whether to include indirect as well as direct effects and, if indirect effects were to be assessed, which multipliers to use.  The CIE’s results for ten regional universities are reported in Table 3.1 (the three small regional colleges are omitted). The assumptions used by the CIE in calculating the regional expenditure effects were that:

1.
50 per cent of staff salaries were spent in the region; 

2.
50 per cent of other university expenditure was made in the region; 

3.
each student spent $7,000 per year in the region; and

4.
the regional expenditure multiplier is 1.8. 

On reasonable (but broad-brush) assumptions, the total regional impacts range from $88 million for the University of Ballarat (with 4,160 students) to $384 million for the University of Newcastle (16,757 students).  Remembering the caveat about the strict non-comparability of these figures with the individual studies, these numbers are very much in line with the expenditure multiplier impacts found for these and other Australian universities from individual studies.  For example, the impact for James Cook was estimated at $238 million (Centre for Applied Economic Research and Analysis, 1996) compared with the $196 million from the CIE standardised format; Southern Cross $158 million (Davis, Buultjens and Whelan, 1996) compared with CIE’s $105 million and the University of Southern Queensland $114 million (Temple-Smith and Elvidge, 1996) compared with CIE’s $126 million.

Table 3.1

Estimates of the Regional Impact of Regional Universities, 1995

University
Staff Salaries

($’000)
Other University  Expenditure

($’000)
No. of Students
Estimated Direct Expenditure

($m)
Estimated Regional Output

($m)

Central Queensland
34,461
40,516
3,911
65
117

Charles Sturt
63,805
52,306
6,617
104
188

Deakin
97,846
91,916
16,107
208
374

James Cook
57,283
61,205
7,128
109
196

Southern Cross
24,658
28,602
4,566
59
105

Ballarat
21,884
18,005
4,160
49
88

Newcastle
89,968
101,633
16,757
213
384

New England
66,696
68,234
4,255
97
175

Southern Queensland
42,643
35,843
4,409
70
126

Wollongong
66,603
71,209
11,245
148
266

Source: CIE (1997), p. 25.

3.1.2 
Overseas Studies

Aside from the Australian literature in this area, there are several prominent overseas studies from which insights for the present impact study may be drawn. The most comprehensive of these is the study by Sudmant (1994) who examined the economic impact of the University of British Columbia (UBC) covering five aspects of economic impact: These were:

1.
The returns to investment in university education resulting from higher incomes, levels of employment and productivity of university graduates.

2.
Regional ‘spillover’ effects from universities to industry and government.

3.
The regional economic impact of UBC using conventional income/expenditure multipliers to quantify the impact of expenditures in the university on regional income and jobs. 

4.
The economic impact of the University as an exporter of educational services.

5.
Research as a source of jobs and economic growth.

Sudmant establishes a framework for estimating the returns to a university education, a framework which was also used by Michael (1996) and which is used in this study, (see Chapter 4 for an exposition of this methodology). Aspects (2) and (5) indicate the impact of the University in terms of its relations with business and research and development organisations. These sections are potentially important in this study given Curtin’s long established links with business and its focus on applied research (eg. co-operative research centres and Bentley Technology Park). The regional impact model in (3) quantified UBC’s impact in terms of its direct and indirect expenditure patterns, while (4) quantified the impact of the University as an exporter. Again, the usefulness of this framework for the assessment of Curtin’s economic impact can be readily understood. (However, as indicated earlier in this chapter, the present authors believe that the approach can readily be collapsed into three rather than five distinct impacts.)

Sudmant assessed UBC’s total annual economic impact as being around C$2,283.62 million. The local economic impact of research, at C$834 million for both direct and indirect effects, was the largest component of this total, followed by the net present value of  the total benefit from a degree at C$650 million.   The regional economic impact, both direct and indirect, of university expenditure by students and staff plus the contribution of international students and visitors to export income comprised the balance of C$800 million. 

Armstrong, Darrall and Grove-White (1994), assessed the impact of Lancaster University’s expansion to the Year 2001. The authors initially investigate the extent to which the University impacts on the Lancastrian local economy. Included in this analysis are estimates of the total expenditure undertaken by Lancaster University and the Students’ Union and in the form of daily maintenance spending by the student population. The study identifies the key parameters as being: total university expenditure, student numbers and staff numbers (academic and general). 

The authors estimated that a sizeable proportion of expenditure flowing from the University leaks out into the local economy. They find that every pound spent by Lancaster created a further 85 pence in gross local output and 43 pence in local disposable income.  They attribute this to the high proportion of labour and student living expenses in the overall total. This conforms to a general finding with this class of studies, that universities have higher income and expenditure effects in their local economies than is the case with other service sectors in the economy.  This finding is broadly in line with studies of three other British universities: Nottingham (Bleany, Binks, Greenaway, Reed, and Whynes, 1992), Wolverhampton Polytechnic (Lewis, 1988) and Exeter (Coates, 1994).  These three studies also focus on the direct/indirect effects of university spending, and find that each university has a significant impact on its local region.  

3.2 
Implications of Previous Literature for the Present Study

The literature in this area indicates that there exist a variety of avenues through which a university impacts on its local economy. The central feature of these studies have been their focus on the direct and indirect effects of university expenditure in the local economy. The most comprehensive report was that of Sudmant (1994) on the economic impact of the University of British Columbia. The current study will follow the coherent methodology outlined in that report to estimate the economic impact of Curtin University on the Western Australian economy. 

This study combines and adapts three models for the estimation and quantification of the economic impact of Curtin University:

1.
The regional economic impact model;

2.
The returns to investment in university education resulting from higher incomes, higher levels of employment and higher productivity of university graduates;

3.
Regional “spillover” effects from universities to firms and other organisations through research and development.

Each of these models has been developed independently. The regional economic impact model has been applied by numerous universities, and is rooted in the well- established theory of regional economic development.  Quantifying the economic impact from this model can be very precise, and much of the necessary data are readily available and are provided either by the university or through direct sample surveys.  Similarly, numerous studies have examined the returns to post-secondary education, though rarely with respect to individual institutions.  In contrast, the research on the relationship between university research and economic growth and spillovers is more recent, tends to be based on national or even international data and evidence, and quantification is much more difficult, especially at the level of individual institutions.

In this chapter of the report, these models are outlined. In Chapters 4, 5 and 6 the models are used to quantify where possible the economic impact of Curtin University.

3.3 
Economic Impact Model

All multiplier models used in impact analysis attempt to ‘capture’, to a greater or lesser extent, the direct, indirect and induced effects of a net injection into the economy.  In this context, the model used in the present study has the following attributes:

1.
It incorporates all the direct effects attributable to Curtin University by 

(a) identifying the economic activities associated with the University; and 

(b) ascribing magnitudes to these activities in economic terms to obtain estimates of the direct contribution of the University to the state economy;

2.
It captures the induced household income/expenditure effects arising from the direct and effects by applying appropriate multipliers to derive estimates of the total impact.

3.3.1 
The Interpretation of ‘Economic Impact’
In estimating the economic impact of Curtin University on the WA economy in the way outlined above, it is necessary to confront a major interpretative issue. In assessing the economic impact of Curtin, at one extreme, one can sum all spending associated with the University’s operations, its staff and students, calculate the indirect spending that results and say that all this spending takes place because of the University.  At the other extreme, it can be argued that in the absence of Curtin, all students and staff would simply have gone to other Western Australian universities, and that Curtin’s net economic effect is therefore very small.  As was stressed in many of the previous studies of the economic impact of universities and especially by the CIE (1997) in their review, it is important to ‘get the counterfactual right.’

An interpretation of the question ‘what is the economic impact of Curtin University?’, is that one is implicitly asking what would be the difference to the State economy if Curtin did not exist?  The problem, of course, is that this counterfactual State economy which does not contain a Curtin University can never be observed.  So, it is impossible in this sense ever to know what difference Curtin makes to the State’s economy. As it turns out, fortunately, this is not necessary to assess the economic impact of Curtin University (or any other activity, for that matter).

An alternative interpretation of the question ‘what is the economic impact of Curtin University?’ is ‘what is the value to the WA economy of the resources devoted to Curtin University?’  In any economic impact assessment, one can argue that there is an opportunity cost of the resources used in an activity, represented by the next most desirable alternative situation or alternative productive use of those resources employed, and hence, that the measured economic impact of the subject is the marginal contribution of those resources to society.  In this way economic impact is interpreted as the net marginal benefit of the resources used in the activity and that any alternative use of those resources would have to return at least as great an impact to replace the use of those resources in the particular activity that is the subject of study.  

This alternative is the approach generally taken in the economic assessment of individual economic sectors or industries or activities, such as universities (see, for example, Dockery, et al., 1995) and it is also the interpretation of economic impact that is used in this study. This interpretation is completely operational in that having measured the direct and indirect effects, they provide a benchmark measure of the marginal social value of society’s resources used through the operations of Curtin University.

However, even within this approach there is another issue which must be addressed. Again, it is connected with what is the appropriate counterfactual. This time the counterfactual is about the time dimension of Curtin’s impact. If all of the direct expenditure by Curtin’s staff and students disappeared over night, the effects on the WA economy over the following few weeks would be relatively severe. Not only would the State’s GDP fall by the total amount of that expenditure, but there would be a further decline in State GDP because all the WA businesses which depend on the custom of Curtin’s staff and students would suffer a decline in their income as well, which in turn would affect their suppliers and so on.

This is the rationale behind calculating the indirect effects of the expenditure by Curtin using appropriate expenditure multipliers and adding these to the direct expenditures.  It is a widely used methodology in calculating regional impacts and is a valid procedure to the extent that it measures economic impact on an other things being held constant basis.  

However, there are two problems.  It is most unlikely that Curtin expenditures would simply disappear. Indeed, it is likely that even if Curtin disappeared overnight, its staff and student would be redeployed elsewhere and the indirect effects would be minimal.  (That is, it is unlikely that other things remain constant.)

This problem has been addressed in part by only considering the indirect effects of expenditures which are sourced from income which is drawn from outside of the State and which, possibly, would not flow to the State in the absence of Curtin University.

Even if the correct counterfactual could be ascertained and observed, there is a further problem with the calculation of indirect effects. If all the direct and indirect effects of all businesses were added together, the total would substantially exceed the State’s GSP, and so the total contribution of all activity cannot be the sum of the direct and the indirect effects of expenditure in that activity, as it results in double-counting.
 

It is usually argued that the rationale for calculating direct plus indirect effects for an economic organisation or activity is that the point of the exercise is not to calculate the contribution of the organisation or activity to the State’s GSP (for this is simply the direct effect), but rather to understand the extent to which the rest of the State’s businesses depend on the particular activity for their business. This is particularly useful when assessing the economic impact of key institutions or activities in isolation from the effects of all else in the economy, and it is the rationale for such calculations in regional impact studies and major events studies. It is also the rationale for the use of expenditure and employment multipliers to calculate indirect expenditure and employment effects in this study.

In summary, the calculation of the extent and meaning of economic impact is very sensitive to the counterfactual against which the impact is being measured.  For this reason, this study calculates both the direct and indirect effects and leaves it to the reader to assess which is the appropriate measure for the question he or she is asking. As a guide, where the direct effects only are included in the calculations of the aggregate impact, this should be taken as a minimal and conservative assessment of the total economic impact.  But where indirect effects are included, these should be treated as an upper bound on the size of the aggregate economic impact of Curtin.
  

3.4 
Multiplier Process

Curtin University is a significant economic unit, both in terms of income and expenditure flows and in terms of employment generation.  By attracting income from outside the State economy and hiring people and purchasing intermediate inputs from its host region, the University boosts the level of economic activity and employment in its region both directly and indirectly via multiplier effects.  

Figure 3.1 illustrates the nature of the income multiplier process embodied in the model used in the study.  Curtin University and its staff, students and visitors essentially bring about an injection of expenditure into the state economy.  Since a substantial part of this injection is financed from the federal government, this injection acts as a kind of export earning as far as the state economy is concerned.  Similarly income generated from the fees of international students and expenditures by visitors to the university that result from international students or funds from international sources for research and expenditure by international visitors engaged in teaching or research will also generate export income for the State.  These are funds which flow in from outside the state.  

In estimating the impact of the University on the State, special care has to be taken to remove from the analysis that part of University (and staff and student) spending which is financed from within the State.  Attention is therefore concentrated only on that part which is genuinely an injection of expenditure into the state economy.  The injection generates an increase in gross state product.  For a university, the product or output generated by its activities is less visible; nonetheless, it is real and can be quantified.  From this injection, leakages such as ‘imports’ (university purchases of goods and services from outside the state, employee superannuation contributions and income tax paid outside the State) must be subtracted in order to estimate the correct impact of the University on state output. 

Figure 3.1: The State Economy Multiplier Process
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3.5  
Returns to Investment in University Education Model

One of the largest economic impacts of the university on society is the increased earnings of university graduates.  The earnings arise not only from higher wages and salaries to highly skilled workers, but as a result of businesses started or expanded by graduates.  Since the early 1970s, there has been a very large number of studies seeking to determine the appropriate value to place on a university education.  The studies have found that the advantages of a university education, as distinct from other forms of training, are indeed positive whether assessed on economic or social grounds.  The argument is that graduates earn a greater income from the work that they do than would be possible without that education, thus there are gains to the individual and to the state from investing in such education.  The net economic benefit that arises from this investment over the graduate’s lifetime, therefore, can be said to be the enhanced value of human capital generated by the university (Assaf and Campbell, 1992; Michael, 1996).

The basic approach makes use of the life-cycle hypothesis, and is depicted in Figure 5.1 in Chapter 5.  It broadly shows that an individual who undertakes a university degree at the end of their secondary education foregoes earnings and incurs costs in order to complete their degree and these foregone earnings and the costs of tertiary education constitute investment in human capital formation.  In contrast, the secondary school graduate takes on earlier employment and a longer life-time income stream.  After graduation, however, the university-educated individual can expect a higher income due to higher productivity that results from a higher level of human capital. The increased earnings will recover the costs of tertiary education and foregone earnings and earn a sufficient rate of return on investment to warrant the investment in enhanced human capital.

The task is to quantify the earnings differential (benefit) between an average secondary-school graduate and the average Curtin University graduate, to provide an indicator of the University’s productive output.  Several issues are useful in determining the value of this differential:

· Discounted present value is a calculation used to reflect the fact that future earnings are less valuable than current earnings; therefore, in order to compare future earnings with current earnings, the future earnings must be discounted by some factor.  The conventional measure for this cost of money for long-term investment appraisals is frequently given as 5 per cent (disregarding inflation).

· Social versus private rate of return: since Australian education is subsidised by government, the returns to the individual are greater than if the individual paid the full cost.  Therefore, a fair public policy calculation must take into account both the costs to government and returns to government from increased tax revenue of university education.  Social rate of return refers to the rate of return after inclusion of these factors.  

· Internal rate of return: the lifetime earnings equation sets out the costs and benefits of a university education.; as long as the rate of return which equates the (discounted) benefits with the costs exceeds the rate of return on other capital investments, the investment in human capital (both by the individual and the state) would be justified in economic and social terms.

3.6  
Spillover Effects from University Research 

One observable impact of university research takes the form of spillover effects on innovation, productivity and job creation in the state where the university is located.  Case studies have confirmed the major roles played by universities such as Stanford and MIT in the development of centres of high technology and commercial innovation in the surrounding regions (see Chapter 7).  Innovative commercial development cannot easily exist without the supply of talent and ideas provided by university graduates, students and faculty.

In a pioneering study by Denison (1967) that accounted for the factors responsible for US economic growth, it was found that the principal driver of economic growth is knowledge creation, and that advances in knowledge are responsible for approximately 35 per cent of real economic growth. Many other studies for both North America and other countries have since confirmed this estimate. Universities have a central role in the production of new knowledge and adaptation to technological change.  This process takes place not only through the mechanism of research and development, but by providing the population with the technical, social and entrepreneurial skills to use new knowledge.  

Quantifying this profound function of the university to any degree of accuracy is probably impossible. Also, attempts at quantifying the significance of university contributions to growth and development through research brings with it a number of difficulties: not the least of which is the problem brought about by the fact that the benefits of research may come a long time after the research is completed and may be diffused throughout the economy and not attributable to a single, easily quantified activity.  The approach taken in Chapter 6 of this report is to estimate these "spillover" effects in a number of different ways and to make a judgment about the likely effect, while recognising the inherent difficulties of quantification.  Therefore, specific case studies are also presented so as to demonstrate examples of these spillover effects.
Perhaps the most celebrated form of alleged technology-based external “spillover” impacts of universities, and one with a distinct local image, has been in the area of technology or science parks associated with universities. After a rapid growth in the early 1980s, technology parks are now an accepted feature of many university  landscapes.  In spite of some cynicism and a few disappointing examples, institutions without technology parks are still seeking to launch this type of development, and many of the more successful schemes are expanding.

Although commonly presented as an element in technology transfer policy, technology parks are essentially real estate developments, and beyond a few special cases it is the quality of the buildings and the environment rather than the university’s services that more often sells the space. Nevertheless, the close association with a university which typifies the usual technology park presents a prima facie case for technological spillovers which add to the value of the associated university’s output. In assessing the value of the university, the value of these spillovers needs to be assessed.

The present study attempts to quantify any spillover effects of Curtin University’s research through the Western Australian Technology Park by examining its relationship with the University in Chapter 7 of this report.

4.  Direct and Indirect Impact of Curtin on the Western Australian Economy

4.1
Assessing the Direct and Indirect Effects of Curtin University
The direct creation and maintenance of employment is the most obvious economic impact of universities.  But the effects extend beyond employment to embrace the local purchase of goods and services by the university itself, its employees, students and visitors.  The principal method of analysis of this economic impact is to assess these direct expenditures and then to use an appropriate economic multiplier, which relates direct expenditure of the University to secondary expenditure on the purchase of goods and services.  In terms of employment, this means adding to the direct employment of the University an estimate of the extra jobs created or maintained in meeting university demand by locally produced goods and locally provided services. In terms of income and expenditure, it means adding the extra income expenditure induced by the initial injection of the direct expenditure by the university, its students and staff.

4.2 
University Expenditure
Higher education institutions are inherently very labour-intensive organisations.  As a result, labour costs are the single most important expenditure item for a university.  Salaries and wages paid to staff are particularly important in impact analyses because they are a primary route through which university channels expenditure into the State economy.  Another route by which university expenditure feeds into the State economy is by way of local purchases of goods and services by the university itself.

Curtin University’s total expenditure amounted to $237.05 million in 1996.  About half of this went to staff salaries and salary-related costs.  In 1996, there were 1,159 full-time equivalent academic staff and 1,205 full-time equivalent general staff.  Hence, the total employment associated with Curtin University is 2,364 full-time equivalent staff.  

Non-wage operating expenditure accounted for almost a third of total expenditure, amounting to $73.68 million.  In addition, in 1996, the University spent a total of $31.17 million on new building work, maintenance of existing buildings and other capital items.  It is assumed that all of this expenditure is made in Western Australia in the first instance. (Although, of course, many of the items included under these categories will ultimately be sourced from outside the State, initial payment will be made to WA suppliers, agents, contractors and so on. In the absence of any data which enumerate direct purchases outside the State, this appears to be the least controversial assumption, even if, to the extent that payments are made directly to interstate or overseas suppliers, it will slightly bias upward the contribution to the State’s economy.)

The breakdown of these expenditures is given in Table 4.1.  These figures represent the total expenditure for Curtin and all associated campuses, including the Muresk Institute of Agriculture and the Western Australian School of Mines.

In estimating the impact of Curtin University expenditure on the WA economy, adjustments had to be made, to exclude expenditure paid to the Commonwealth government in the form of taxation.  This amount was excluded because it was not spent within the State.
  Hence, we excluded income tax paid by University employees.  To adjust for income tax, we assumed the average annual salary for Curtin academic and general staff to be $61,608 and $38,556, respectively.  This was derived by dividing the salaries and wages bill by the number of employees, by staff type.  The tax payable on these salaries was $20,595 or 33.4 per cent for average academic staff salary and $9,943 or 25.8 per cent for average general staff salary.  Of the $108.6 million paid in wages, about $32.8 million went to the Commonwealth in income tax, leaving $75.8 million as disposable income.  For the impact assessment, the relevant figure for total Curtin University expenditure would then be $204.3 million, as indicated in the third column of Table 4.1. 

Table 4.1

Curtin University Expenditure, 1996

($’000s)

Expenditure Item
Actual Expenditure
Adjusted Expenditure

University staff salaries & wages
132,196
99,426

Academic staff salaries

Academic staff salary-related costs
62,224

14,472
41,441

14,472

General staff salaries

General staff salary-related costs
46,460

9,040
34,473

9,040

Non-wage expenditure
73,681
73,681

Net Capital Expenditure
31,175
31,175

Total
237,052
204,282

Source:  Curtin University Annual Report, 1996

4.3 
Consultancy Earnings of Staff

The total amount of university spending on salaries understates the earnings of academic staff because it fails to take into account their additional earnings from royalties, fees, consultancies and property income.  In the survey sent to all staff, we asked how much they earned in the previous year from consultancy work.  Responses from general staff were not included.  Unless the consultancy work was academic in nature or undertaken by someone in her/his capacity as an academic, we could not be confident that the work should be associated with Curtin University.

The survey results point to an average consultancy earning of $2,218 for each academic staff member in 1996.
  This translates to an estimate of $2.57 million in aggregate for Curtin University as a whole.  This gross income needs to be adjusted to take account of the payment of direct taxes, which amounts to 33.4 per cent (the same tax rate we used to adjust staff salaries in the section above).  The result is an estimated $1,477.19 disposable income for each academic to be spent in the WA economy in 1996.  Hence, the total disposable consultancy earnings of all the academic staff at Curtin in 1996 was estimated to be $1.71 million ($1,477.19 multiplied by the total academic full time equivalent staff population of 1,159).

4.4 
Student Expenditure

Curtin University had a student population of 22,759 in 1996.  By mode of study, 57 per cent of students at Curtin undertook full-time studies and 35 per cent part-time studies.  The remaining 8 per cent were considered external students.  For this study we also classified students as 77 per cent domestic students, 15 per cent international students and 8 per cent external students.

To ascertain students’ expenditure patterns, an extensive postal survey which included detailed questions on expenditure of students was undertaken by IRIC.  Survey questionnaires were mailed to a stratified random sample of 4,500 students enrolled at all Curtin campuses and to externally enrolled students.  The survey response statistics are reported in Table 4.2. It can be seen that the response rate was not good, despite a reminder letter and second questionnaire being distributed to all non-respondents after the first mailing.  Nevertheless, the response rate was sufficient to allow inferences to be made about the total student population with ±3 per cent error band with 95 per cent confidence, assuming no self-selection bias between respondents and non respondents. There is no a priori reason to believe that the expenditure patterns of non-respondents would systematically differ from those of respondents.

Table 4.2

Student Survey – population and sample size; response rates


Population size
Sample size
Effective responses
Response rate %

Domestic students
17,506
2,000
447
22.4 

International students
3,318
1,500
292
19.5 

External students
1,927
1,000
299
30.0

Total
22,751
4,500
1,038
23.1

4.4.1 
Student Expenditure Associated with Living Expenses
To estimate living expenses for the year, students were asked to detail their average weekly spending while residing in Western Australia and also indicate the number of weeks a year they would spend in WA.

In determining the proportion of student living expenditure attributed to Curtin University, we distinguished between –

1. domestic students, who are usual residents of Western Australia;

2. international students, who live temporarily in Western Australia; and 

3. external students who are either WA residents or resident outside WA who undertake their studies at Curtin.  

There were 1,247 external students who resided in WA, 550 external students from interstate and 130 from overseas.

In the case of international students, all living expenditure in WA was taken as a contribution to the State economy, and attributable to Curtin in that it was the university which attracted them to the State. 

In the case of domestic students, their weekly living expenditure would, in most cases, take place whether or not they studied at Curtin.  Hence, this portion of their expenditure was not considered in the overall assessment of Curtin’s impact on the WA economy.  However, for comparison, expenditure of domestic students is presented in Table 4.5. 

In calculating annual living expenses, it was estimated that on average, domestic students lived in WA for 52 weeks and international students for 42.07 weeks in the year.

In the case of external students, the student survey for this group ascertained how many visits were made to Perth for the specific purpose of university study. It was then assumed that all external students (WA residents, interstate and overseas) were ‘visitors’ to the State, with expenditure patterns resembling that of tourists, during these visits. . In calculating their living expenses, we first needed to determine the number of visitor nights they spent in WA.  This information, obtained from the survey data, is shown in Table 4.3.

Table 4.3

Annual Total Visitor Nights Spent in WA by External Students,

By Type of Accommodation

External Students
Commercial Accommodation
Private Accommodation

WA residents
2,469.1

(1.98)
4,913.2

(3.94)

Interstate
473.0

(0.86)
704.0

(1.28)

Overseas
0.0
325.0

(2.50)

Note:  Numbers inside brackets are sample means of visitor nights per student.

Source:  IRIC Student Survey, 1997.
Living expenses of external students were estimated by using data from the Western Australian Tourism Commission’s WA Travel Survey 1996.  These data provide estimates of average expenditure per visitor night, by category and origin, staying in commercial and private accommodation in Perth and are presented in Table 4.4. 

Table 4.4

Average Expenditure per Visitor Night in Perth,

By category and origin ($)
Category
Per Visitor Night in Commercial Accommodation
Per Visitor Night in Private Accommodation


WA
Interstate
Overseas
WA
Interstate
Overseas



Accommodation
26.68
48.76
33.30
2.60
4.74
3.24

Car Hire
0.73
6.17
4.48
-
-
-

Car service/repairs
0.71
0.43
0.24
-
-
-

Day tours
0.44
5.75
8.91
0.24
3.15
4.88

Entertainment
2.74
3.54
3.04
-
-
-

Food/Drink
16.12
26.19
25.99
8.31
13.50
13.40

Local transport
1.08
4.10
4.00
0.45
1.72
1.68

Petrol
5.53
2.45
1.59
-
-
-

Shopping
19.17
11.85
30.30
38.17
23.60
60.33

Sport
0.74
1.88
1.00
1.33
3.38
1.80

Other
8.20
2.98
6.09
11.77
4.28
8.74

Total
82.14
114.10
118.94
62.87
54.37
94.07

Note: (-) already included in Other.

Source:  Western Australian Tourism Commission (1996) , WA Travel Survey 1996.
In 1996, total student living expenditure amounted to $245.91 million.  On average, each Curtin student spent $10,809 on rent, food, entertainment, transport and other utilities.  However, different types of students have different expenditure patterns and have different lengths of stay in Western Australia.  Hence, Table 4.5 distinguishes the annual living expenses of the various types of students.  

As indicated above, in the overall assessment of the impact of Curtin University on the WA economy, living expenses of domestic students are not taken into account.  Hence, the relevant figure for this portion of student expenditure is $42.2 million (ie, $245.9 million less $203.7 million).

Table 4.5

Annual Student Living Expenses Incurred While Living in WA

(in $ million except otherwise stated)


Domestic students
Interna-tional students
External students


All students




WA
Interstate
Over-seas


Rent or board
27.47
10.50
0.079
0.026
0.001
38.08

Groceries
41.83
5.79
 
 
 
47.62

Restaurants, pubs, hotels
23.39
4.16
0.081
0.022
0.004
27.66

Other entertainment
17.31
3.06
0.017
0.010
0.002
20.40

Clothes
16.09
3.99
-
-
-
20.08

Petrol/car maintenance
28.30
2.24
0.015
0.001
0.000
30.56

Transport (bus, train, car hire)
4.01
1.23
0.007
0.006
0.001
5.25

Communications
11.12
5.38
-
-
-
16.50

Utilities (gas, electricity, etc.)
10.27
1.94
-
-
-
12.21

Insurance (health, car, etc)
13.09
1.59
-
-
-
14.68

Other
10.86
1.66
0.313
0.027
0.022
12.88

Total
203.74
41.55
0.512
0.092
0.031
245.91

Average expenditure per student 

(actual figure)
11,638.30
12,522.60
410.59
167.27
238.46
10,808.76

Source: IRIC Student Survey, 1997
4.4.2 
Student Expenditure Incurred to Undertake Studies at Curtin University
In 1996, total student expenditure associated with undertaking studies at Curtin amounted to $55.9 million.  Hence, each student spent almost $2,500 on average, to undertake studies for the year.  Separate estimates of average spending for the year were made for the different types of student.  Table 4.6 shows details.

Table 4.6

Annual Student Expenditure Incurred to Undertake Studies at

Curtin University

(in $ million except otherwise stated)


Domestic students
International students
External students
All students

University fees*
4.99
28.96
0.26
34.21

Textbooks & materials
6.26
1.33
0.33
7.92

Computer hardware & software
7.37
2.28
0.72
10.37

Parking fees
0.45
0.07
0.01
0.53

Relocation costs
0.52
2.23
0.08
2.83

Total
19.59
34.87
1.40
55.86

Average expenditure per student (actual figure)
1,118.73
10,510.89
728.17
2,456.24

* not including HECS
Source: IRIC Curtin Student Survey, 1997.

In the survey, students were asked to indicate how much they spent on university fees, excluding HECS.  The reason for this is to avoid double counting.  HECS is a general revenue-raising measure by the Commonwealth Government and HECS revenue flows to the Commonwealth.  To the extent that revenue from HECS is partly returned to the State in the form of funding for tertiary education, this is already included in the University budget/expenditure and was estimated earlier.

It should be noted that including university fees for domestic student expenditure is for illustrative purposes only (ie. to show the full economic contribution of students).  Since university fees were paid to Curtin University and therefore were fed into the State economy via University budget/expenditure, they were not included in assessing the overall impact to avoid double counting.  Therefore, the relevant figure for the economic impact assessment is $21.65 million ($55.86 million less $34.21 million).

4.5 
Expenditure Incurred by Visitors of International Students

Another source of spending is visitors to the university arising from the presence of international students.  Friends and relatives of international students come to Western Australia for special events such as graduation ceremonies, for specific visits to their university student children or for holidays.  Assuming that expenditure patterns of Curtin international student visitors match those of other visitors to WA, the contribution of these visitors to the state can be ascertained (Table 4.7).

Table 4.7

Annual Expenditure Incurred by Visitors of Curtin University International Students ($’000s)


Commercial 

Accommodation
Private 

Accommodation
Total

Accommodation
502.7
112.8
615.5

Car Hire
67.6
-
-

Car service/repairs
3.6
-
-

Day Tours
134.5
169.7
304.2

Entertainment
45.9
-
45.9

Food/Drink
392.4
466.3
858.7

Local Transport
60.4
58.5
118.9

Petrol
24.0
-
24.0

Shopping
457.4
2,100.0
2,557.4

Sport
15.1
62.7
77.8

Other
91.9
304.3
396.2

Total
1,795.6
3,274.2
5,069.8

Source: IRIC Student Survey, 1997 and Western Australian Tourism Commission, WA Travel Survey 1996.
The estimated total expenditure of visitors of international students in 1996 was over $5.0 million.  More than one-half of this went to expenses associated with shopping.  

4.6  
The Direct Effects

Taking all the expenditure headings together provides a grand total which is arrived at as follows:

Table 4.8

Total Direct Economic Impact of Curtin University

Expenditure Items
$ million

University Expenditure
204.28

Student Expenditure associated with


Expenses while living in WA*
42.17

Undertaking studies at Curtin 
21.65

Visitors of International Students
5.07

Consultancy Earnings of Academic Staff
1.71

Total
274.88

* excludes expenses of domestic students.

The results show that Curtin University makes a significant contribution to the State economy.  A total of $274.88 million is the direct economic effect attributable to the existence of Curtin University and its activities.  Almost three-quarters of this impact is in the form of direct University expenditure and the rest is associated with education expenses and living expenses of students while in WA, expenses of visiting family and friends and staff consultancy earnings.

4.7  
The Induced (or Multiplier) Effects

When people spend their incomes, those that supply them with goods and services earn income themselves and their spending also creates further incomes and so on.  Hence, bearing in mind the caveats expressed in section 3.3.1 above concerning the use of induced effects, the final effect of an initial boost to incomes or output is greater than the size of the initial direct injection, which started off the process.  The ratio of the final to initial income or output is determined by the value of the expenditure multiplier. Similarly, downstream employment is also generated by subsequent economic activity. 

The appropriate multipliers to use are determined from the relationship between expenditure on inputs and the value of outputs for the various economic sectors in which the expenditures are made and by employment requirements in those sectors. The meaning of the expenditure multiplier is that it shows for every dollar spent in the initiating activity, the additional income generated elsewhere in the economy as a result of that initial expenditure.  Similarly, the employment multiplier shows the additional jobs generated downstream from each job in the initiating activity.  Fortunately there are reasonably up-to-date input-output (IO) data available for Western Australia from Clements and Qiang (1995). The expenditure multiplier used in this report is 1.58
.  It is the income multiplier for the ‘Education’ sector derived from Clements and Qiang (1995). Similarly, the employment multiplier is 1.73, the employment multiplier for the ‘Education’ sector derived from the same source.  

The implication is that every $1,000 of additional income generated by the university and its associated activities, a further $580 of induced income is created in the WA economy. Similarly, the employment multiplier shows that for every 100 jobs at Curtin, a further 73 jobs are created elsewhere in the WA economy.

4.8 Summing Up the Direct and Induced Effects of Curtin University on WA Output and Employment 

In summary, Curtin University contributes the following:

4.8.1 
Income Effects

Direct Effects
$274.88 million

Induced Effects
$159.43 million

Total
$434.31 million

Curtin University is estimated to raise income in the state by $434.31 million per annum, which is equivalent to 0.93 per cent of gross state product (at factor cost) in 1996.

4.8.2 
Employment Effects

Direct Employment
2,364

Induced Employment
1,617

Total
3,981

In addition to the 2,215 jobs directly created by Curtin University, 1,617 jobs are created in local businesses through the expenditure of the institution, staff, students and their visitors on locally purchased goods and services.  That is, if Curtin University did not exist and no other institutions took up the slack, there would be 3,832 fewer jobs in WA.

4.9 
Curtin as an Export Income Earner
From the above data, we can also estimate the impact of Curtin as an export earner. If we assume that all the expenditure of international students and their visitors is sourced from their home countries (as Michael, 1996, did in his study of La Trobe University), then Curtin contributes just on $81.5 million in export income per year to Australia’s economy, made up of $34.87 million in the direct costs of studying at Curtin University, a further $41.55 million in other living expenses while in the State and $5.07 million in visitors’ income.  However, it is likely that this is an over-estimate.  It likely that some international students’ expenditure will be financed by some local earnings.  As part of their visa conditions, international students are permitted to work up to 20 hours per week in paid employment while studying (with similar restrictions on the labour market activity of spouses and other family members – see Baker et al., 1996.). Baker et al. (1996) surveyed the labour market activity of international students.  They found that the estimated take-up of work opportunities by overseas students and their spouses. were that on average international students worked only 2.7 hours per week, earning on average about $30 per week.  Utilising these data as being typical for Curtin’s international students, export earnings are reduced to just over $76 million per year.

However, it is also likely that some of the students’ and their visitors’ travel to Australia (not accounted for in the data presented in this chapter) will also contribute to Australia’s export income to the extent that they travel on Australian-based airlines. It is also likely, that both students and their visitors engage in a greater amount of tourism in both the State and in Australia as a whole than that captured simply by living in or visiting Perth.

Finally, it must be stressed that these estimates are separate from and not additional to the total economic impact estimated in the previous section. This is because the direct and indirect effects of the expenditure of international students and their visitors has already been factored in to the total economic impact calculations made in the previous section. Nevertheless, it is useful to single out the export earning impact of Curtin University so as to highlight this important contribution that the University makes to its community.

5.  The Estimated Returns to University Education

Over the long run, one of the largest components of Curtin’s total economic impact can be found in the increased earnings of its graduates relative to those with only a high school education. Traditional economic analysis explains this earnings gap in terms of the theory of human capital. All workers are assumed to have some level of expertise – be it acquired in a formal training or educational environment or during on-the-job training and experience. Higher levels of human capital are associated with increased labour productivity and higher wages. It is an empirical fact that workers with higher levels of education, particularly those with tertiary qualifications, attract higher rewards in the marketplace in comparison with less educated workers. 

Figure 5.1 demonstrates this, showing the predicted payoffs to a university education over a forty-five year career in comparison with the earnings accruing to a person with a high school education only.  In Western Australia, 17-year old high school leavers are faced with a choice between joining the labour force or commencing tertiary education. A decision to enroll at a university entails an initial investment over the three-year (or more) degree including the direct costs of university attendance (eg. books, bus fares and up-front payment of HECS fees) as well as indirect costs, which are mostly in the form of foregone income. Offsetting these costs over this period is any remuneration received for part-time work undertaken by the student or funds from scholarships won.  

Figure 5.1
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In a complete cost-benefit analysis, non-pecuniary benefits of a university education, such as intellectual development and the introduction to important social and business networks would also be included. However, it is difficult to ascribe dollar values to such outcomes, so this study will not directly account for such benefits. Needless to say, these benefits are considerable as are other important external or flow-on effects such as the benefits associated with a better educated society.  

Upon graduation from university, students commence employment,  usually at a salary level at around 80 per cent of average weekly earnings. Over a working lifetime, it is usually the case that university graduates’ earnings easily exceed those of people with high school qualifications only. As the Figure 5.1 demonstrates, the lifetime earnings premium paid to those with a university education should provide a substantial return on the initial investment during their time at university. 

This study follows Michael (1996) in assessing an annual figure for the enhanced value of human capital for the entire domestic graduating class of Curtin for 1996. This includes domestic students at all levels (undergraduate/postgraduate) and enrolment type (full/part time). This estimate equates to the estimated net present value of a typical degree in excess of all costs.
 Figure 5.1 details the methodology and reports the figures behind such an estimate. 

Section 1 in Table 5.1 details our estimates of the cost to Curtin of educating graduates. For simplicity’s sake, all estimates relate to the typical domestic three year degree (both undergraduate and postgraduate). It is assumed that Curtin’s relatively large overseas student population is self-funding in the sense that total fees collected (the majority of $52.76 million received in 1996 as fees and charges) cover all costs (infrastructure, teaching, etc.) associated with these students. For this reason, total operating costs of the university with regard to domestic students only, are assumed to be sourced by revenue from government funding and HECS contributions by domestic students (Items A+B). Following Michael (1996), capital costs (cost of capital plus depreciation allowances and physical refurbishment, additions and upgrades) are allocated by inflating the annual operating costs of the university (A+B) by 50 per cent (Item C). Item D gives the total cost for educating domestic students in any one year.

Average costs of a three year degree at Curtin are shown in Section 2 of Table 5.1. Given Curtin’s 1996 educational output of 4,239 degrees conferred, the average cost of a domestic award is $58,492, of which $51,827 dollars or 89 per cent is regarded as being taxpayer funded. It should be noted in passing that Chapman (1996) finds that in 1995, non-HECS contributions accounted for 90 per cent of a total higher education budget in Australia of around $5 billion. Hence, Curtin is typical in the sense that HECS contributions fund only a small part of total expenditure on services in the university. It should be remembered however, that recent increases in HECS (particularly at the Post-Graduate level) will lift the user charges component of  higher education finance at Curtin (and elsewhere).

Table 5.1

Enhanced Value of Capital





SECTION 1
The Total Cost of the Average Curtin University Degree


A
Annual operating cost – government funding
$137,046,000

B
Annual operating - user charges
$  28,251,000

C
Annual imputed costs of capital etc. (A+B)*50%
$  82,648,500

D
Annual Total University Cost
$247,945,500

SECTION 2
Average Outcomes


E
Average number of awards per year
4,239

F
Average university cost per degree (D/E)
$58,492

G
Taxpayer supplement per degree (A+C)/E
$51,827

H
Average user charges per degree (B/E)
$  6,665

I
% split, user charges/taxpayer supplement
12.86

SECTION 3
Private Costs of Education


J
Average foregone earnings
$18,000

K
Direct education costs
$  3,000

L
Average private costs per degree (H+J+K)
$27,665

SECTION 4
Total Costs and Returns


M
Average total costs per degree (G+L)
$79,492

N
Implied annual gross income differential (@10% over 45 years)
$  7,949 

O
Net present value of income differential @5% discount rate
$149,235

P
Net present value of a typical degree in excess of costs (O-M)
$  69,744

SECTION 5
Social Cost Recovery


Q
Net present value of income tax payable on gross income differential
59,694

R
Social cost recovery rate (Q cf G)    (Payback ratio)
 1.15

SECTION 6
Private Cost Recovery


S
Net present value of income differential after costs and tax  (O-L-Q)
$87,359

T
Private cost recovery rate (S cf L)    (Payback ratio)
3.16

Details with regard to the private costs associated with obtaining a university degree can be found in Section 3 of Table 5.1. Average foregone earnings of $18,000 are calculated (following Michael, 1996) as being the after tax income of a high-school graduate with a probability of 25 per cent of being unemployed for the first year, minus Austudy, scholarship awards and part-time earnings. Direct education costs of $3000 over a three year period are in line with Chapman and Chia (1994), who estimate them at approximately $900 (in 1992 dollars) a year. Item L lists the combined private costs of higher education ($27,665 for Curtin Students in 1996). 

Total costs (Section 4, Item M) equate to $79,492 dollars in 1996. This figure can be used to derive an implied annual income differential between high school and university graduates through accepted estimates for the rate of return to a university degree. Maglen (1994) estimates the rate of return to an Australian university degree relative to school leavers aged 14-15, 17 and 18. It seems appropriate to use estimates relating to 17 year olds in Western Australia, given that this is the average age of Year 12 students and the comparison is being made with a hypothetical high-school leaver who chose immediate employment over tertiary education. Estimated rates of return are calculated by Maglen for each five year period from 1968/9 to 1989/90. Over this time, the average rate of return to a university degree declined from around 18.02 to 13.48 percent for males and 18.19 to 12.05 per cent for females. In view of these findings and Chapman and Chia’s (1994) estimate of an internal rate of return ranging from 7.85 (males) to 8.15 (females), we have followed Michael (1996) in adopting a rate of return to education of 10 per cent.
  

A 10 per cent rate implies an annual gross income differential of  $7,949 (ie. 10 per cent of average total costs per a three year degree). The net present value of an accumulated stream over a 45-year working life, discounted at a 5 per cent rate is $149,235. Hence, the net present value of a typical degree in excess of costs is equal to $87,359 per student. For 4,239 students this equates to $370.31 million for 1996. This is an estimate of Curtin’s enhancement of the total human capital endowment of its students. 

The final two sections (Sections 5 and 6) of Table 5.1 detail the cost recovery or payback ratios for investment in a three year degree at Curtin University. The first ratio is a social cost recovery rate This is derived by dividing the net present value of income tax payable (at a 40 per cent tax rate) on the gross income differential between university and high school graduates by the taxpayer contribution to the cost of the degree. A calculated social recovery rate of 1.15, (Section 5, Item R) corresponds to a net present return of $1.15 for every dollar of taxpayer subsidy for a university education. The second ratio is a private cost recovery rate. This is the ratio of the net present value of the income differential, after private costs and taxes, to total private costs. This equates to 3.16 (Section 6, Item T), implying that Curtin University graduates can expect a lifetime return of $3.16 for every dollar invested in their three year degree. 

The important finding of the above analysis is that, given the simplifying assumptions made in making these calculations, Curtin added approximately $370.31 million dollars in expected after-tax lifetime income (net of initial costs) to its 1996 graduating class, or $87,359 dollars per student in present value terms. This finding is in accordance with previous research suggesting that the returns to a university degree are substantial. A private cost recovery ratio of 3.16 indicates that Curtin graduates accrue substantial benefits from their degree even after allowing for the costs of education. A social cost recovery benefit of 1.15 suggest that over the long run, the community’s ongoing support for Curtin University and university education in general is well placed. 

6. Spillover Effects from Curtin’s Research

“Technology is the application of creative thinking and ingenuity to the solution of definable and practical problems in all fields of human endeavour”

Haydn Williams

Inaugural Director, Western Australian Institute of Technology

6.1

Introduction

Curtin’s research programs were established as early as 1968 and the first Masters degree by research was awarded in 1974 when the University was still the Western Australian Institute of Technology (WAIT).  Initially, because research had to fund itself almost entirely from external sources, only a relatively small proportion of staff was able to engage in extensive research projects during the WAIT era.  However, the quote from the inaugural Director of WAIT, Haydn Williams, demonstrates that even from its beginning, WAIT had a clear vision of its commitment to functional research.  After the transition to University status in 1987, funding opportunities for research increased and so research activities expanded.  

Today, academic staff from all areas of the University engage in research activity.  Curtin is either home to or participates in 39 major Australian research centres or institutes, including 8 National Cooperative Research Centres.
  The funds obtained to carry out research are substantial, with the annual research income for the University being about $25 million. Table 6.1 shows the major sources of research funds in 1996. 

Table 6.1

Sources of Research Funding, Curtin University, 1996

Source of Research Funding
Value (‘$000s)

Research Income



National Competitive Research Grants
4,007


Other Public Sector Research Funding
2,401


Industry and Other Funding For Research
4,062


Cooperative Research Centre Funds
2,665


Other Sources of Research Income (inc. Research Quantum & Infrastructure)
5,767




18,902

Consultancy Income, Royalties etc



Income From Consultancies of Research Centres, Institutes and Schools 
3,829


Income From Consultancies of Individual Researchersa
2,218


Estimated Royalties Received by Individual Researchersa
202


Total Consultancy Income, Royalties etc

6,249

Total Direct Income from Curtin’s Research Activities
25,151

Note:  a) These figures were estimated from IRIC survey data, which showed that the mean consultancy income per full-time equivalent staff member was $2,218 in 1996.

Sources: Curtin University of Technology, Key Performance Indicators, 1997, Table 10; IRIC Staff Survey, 1997.

In 1996 the Curtin academic staff produced over 560 publications.
 Through these publications the results of the Curtin research effort are transmitted to the wider community. This occurs not only through the actual research articles, books and reports, but also through the many conferences, seminars and workshops through which researchers communicate with their peers and the wider community and through their teaching which is constantly being informed and improved through research. Importantly for the research effort of the University, the sum total of research students studying for Masters by research and Doctorates now numbers over 1,000 students.
  

In this chapter, we will attempt to specifically estimate the economic impact flowing from this research activity.  It is notoriously difficult to quantify the economic impact of research and development, yet it might well be the case that cumulative and symbiotic effects of new knowledge created in universities are the greatest economic impact of the university sector (Sudmant, 1994, p.17).  The major problem is that the benefits of research, while very real, often come many years and in indirect ways from the research and development carried out at any one time. 

It is important to point out what is being estimated in this chapter compared with the assessment of economic impact carried out in previous chapters. In those chapters we assessed the direct and indirect value of the economic activity that resulted from Curtin University being an employer of staff and a centre of learning for students. 

However, although these calculations capture estimates of the value of doing research (expenditure on staff, equipment etc), they do not capture the benefits that flow from the research.  These benefits, as it were, spill over to society and the economy as new ways of doing things:

· new techniques of production (for example, improved ways of processing minerals, or better designs for passenger and vehicle ferries);

· improved understanding of systems (for example, better management or training systems or improvements to health systems, or political or economic systems);

· improved understanding of people and society (for example, deeper knowledge of culture, art and design).

These “Spillover” effects of research are the focus of this chapter.

6.2 
The Contribution of University Research Output

Universities, such as Curtin, make an important contribution to economic activity through basic and applied research.  In recent years, the Australian government has put great emphasis on applied research with direct relevance to industry and businesses. The goal is to transform R&D into a greater level of economic activity and well-being in the economy. The issue is how to value this research activity.

Several case studies of the value of research have focused on the ‘Silicon Valley’ in California and Route 1 around Boston, Massachusetts where universities are prominent drivers of research activity. These confirm the important roles played by universities.  These areas owe their status as centres of commercial innovation and entrepreneurship to their proximity to Stanford and MIT
.  Other areas around the world have tried explicitly to build new centres of high-technology industry around their universities (such as Perth’s Technology Park, which we examine in Chapter 7 of this study).  It is plausible that the pool of talented graduates, the ideas generated by faculty and the high-quality libraries and other facilities of university research centres facilitate the process of commercial innovation in their neighbourhood.  Knowledge is a public good in that once it is produced by university research and published, it is generally available to all who wish to use it (Jaffe, 1989).

One of the research strengths of Curtin today lies in its ability to draw various research streams together to provide solutions that benefit the community (R&D Management Plan, 1998). Unlike many universities, Curtin has specifically set itself the research goal of providing solutions for definable and practical problems faced by society. In other words, the strategic intent of the University’s research goal is that its research activity be of immediate value to society and not be directed at more abstract and thus, hard to value, targets. Therefore, to the extent to which this goal is achieved, the value of the Curtin research endeavour should be measurable.

Much of the research at Curtin is carried out through the University’s research centres, which include National Research Centres, Co-operative Research Centres, Inter-institutional Centres, research institutes and University Research Centres.  The University’s success in developing its research is evident from the Australian Government’s 1995 Quality Review Report which awarded Curtin equal top ranking among all Australian universities in research management process and research improvement.

Curtin has an established track record in many areas of research and across a range of disciplines.  Most of its research centres are highly regarded within their professional fields.  Research is undertaken both at an individual and collaborative level where research centres have established inter-institutional, interstate and international links.  Research projects that were undertaken in the past have been grouped into areas referred to as research programs.  Curtin’s major areas of research capability come under 14 research programs:

· Public Health and Rehabilitation 

· Exploration Geosciences

· Cultural and Regional Studies 

· Telecommunications Research 

· Education

· Environmental Management 

· Engineering and Materials Technology

· Cognitive Science and Cognitive Ergonomics

· Mining and Minerals Technology

· Applied Business Research

· Biomedical Science and Technology

· Marine Science and Technology

· Information Systems and Technology

· Agribusiness

We now turn to methods of valuing the contribution of this research activity to the State’s economy.

6.3

Approaches to Valuing the Spillover Effects of Research Output

The Growth Decomposition Approach

One approach that has been used by American and Canadian studies suggests approximately 35 per cent of the real growth in domestic product is due to advances in knowledge and the application of new knowledge, much of which is traceable to the university sector (see Sudmant, 1994, for a brief survey).  Universities have a central role in the production of new knowledge and adaptation to technological change.  This process takes place not only through the mechanism of research discoveries, but by providing the population with the technical, social and entrepreneurial skills to use new knowledge (Sudmant, 1994).  This approach emphasises the significance of university contributions to economic growth and development. 

This approach is estimated by decomposing the contributions to growth using statistical methods into that part due to labour, that part due to capital and that part due to technical change. The technical change component is, as indicated above, estimated to be 35 per cent.  In turn, this is examined to determine that part which is attributable to university research.  The contribution of the higher education sector to gross expenditure on R&D in WA in 1996-97 was 25.4 per cent (ABS, cat. no. 8112.0). If R&D is distributed between the universities approximately in proportion to FTE academic staff numbers, then Curtin’s share of this is 33 per cent. Thus the share of the 1996-97 real growth of Gross State Product (GSP) attributable to R&D at Curtin is given by 2.9 per cent.
  This translates to about a $64.09 million contribution to the WA economy in 1996-97 from the effects of Curtin’s research activity. 

The Econometric Estimation of Spillovers Approach

The last decade has seen the development of a significant body of empirical research on the spillover effects of R&D activities, including the R&D activities of the university sector.  In particular, there has been much interest in spillovers of research from universities to firms.  An influential study by Jaffe (1989) utilising U.S. state data shows a close connection between university research and industrial research activity in close geographic proximity to universities. He finds that university research expenditure contributes indirectly to industrial R&D expenditure.  He also provides a measure of additional patents filed by firms that result from university research expenditure in the state. He concludes after extensive econometric work that for the U.S.:

“After controlling for population and economic activity, there is an association between industry R&D and university research. … Thus a state that improves its university research system will increase local innovation both by attracting industrial R&D and augmenting its productivity.” (1989. p. 968)
Unfortunately, there has not been an Australian study similar to Jaffe’s which attempts to quantify the R&D spillover effects of Australia’s university sector to Australian industry and we are not confident that adapting his U.S. estimates to Australia will produce meaningful results.  Therefore we are unable to draw quantitative inferences about Curtin’s contribution utilising the Jaffe method. However, it is worth noting that Sudmant (1994), adapting Jaffe’s estimates for the U.S. to Canada, estimates that British Columbia’s new industry patents would have been about 30 per cent fewer in 1990-91 than they otherwise were (48 as opposed to 69 patents) if not for the University of British Columbia’s research expenditure. Secondly, he estimated that British Columbia’s private sector R&D expenditure was some US$20 million (measured at 1972 prices) greater than it otherwise would have been in the absence of UBC’s R&D spending. For comparison with the multiplier approach to be discussed in the next section, this amounts to a multiplier effect of about 1.6 on the actual UBC expenditure of US$33.52 million on R&D.

The “Value at Cost” Approach

A basic approach, which is the most conservative approach, is to value Curtin’s contribution through research and development at the market cost of producing that research, allowing any multiplier effects to accrue to the industries and government organisations that purchased them (Michael, 1996).  In this sense the cost represents the “market price” which stakeholders in the university are willing to pay to obtain the research output of the university. However, there are many shortcomings of this approach.  The major issue is that it only measures the direct contribution of research to the economy and ignores the social benefits of the research.  Social benefits are over and above the private benefits which accrue to stakeholders who purchase the research at cost.  Problems arise when normal commercial prices differ from prices which reflect the true costs of production or consumption and this will particularly be the case with university research which has a large public good component. Thus the social value of university research is very likely to exceed its marginal cost of production and thus the marginal value to those who bear the costs of research. The "value at cost" method only accounts for the costs to those who directly pay for the research and thus are unlikely to include any social benefits.

Table 6.1 (above) presents estimates that enable the use of this approach.  In 1996, the direct contribution of research activities at Curtin to the WA economy amounted to $25.2 million.  However, we believe that this is a gross under-estimate of the real worth of Curtin’s research.  For example, just one of the case studies alone presented in section 6.4 (below) contributed benefits of over $2 million from a single project.  These and the very many other research projects directed at solutions to the problems of society are most likely to contribute well beyond the $25 million it takes to generate Curtin’s research.

The Multiplier Equivalence Approach

The question then becomes, 'what is the value of the indirect “spillover” effects of this research activity?'  There is no guide from economic theory or empirical work to answer this question, so any assumption about this quantum is likely to be somewhat arbitrary.

However, the growth decomposition approach suggests a spillover effect of about $64 million.  Furthermore, the use of the U.S. econometric estimates of the spillover effects applied to Canadian data suggest an implicit multiplier of about 1.6 on the direct expenditures by a university to capture the spillover effects of its R&D expenditure.  Our earlier analysis of the indirect effects of university expenditure on the State’s economy suggests that these effects (which, recall, are not spillover effects) are captured by a multiplier of 1.58.  If we assume that the additional spillover effects are of the same order of magnitude as the direct and indirect effects of R&D on the State’s economy, and apply the same multiplier to the direct effects of $25.2 million as enumerated in Table 6.1, then this would suggest a value-added for additional spillover effects of around $40.2 million, giving us a total spillover effect of $65.4 million ($40.2 million plus $25.2 million).  This final number neatly matches the estimate derived from the growth decomposition method and makes use of the same implicit multiplier derived from North American use of the econometric estimation of spillover effects method.

6.4

Case Studies of the Spillover Effects of Curtin’s Research

Despite the estimates provided above which were obtained from a variety of methods, it remains a fact that it is very difficult to quantify these spillover effects. Hence, it is instructive to examine some examples of how Curtin’s research activity has led to substantial contributions to the solution of “...definable and practical problems” facing society.  We therefore conclude this chapter with a number of case studies demonstrating the positive impact of research undertaken at Curtin on the WA economy and the Australian economy in general. The case studies were chosen from nine broad areas of research which have been motivated by the need to find solutions to problems across a wide spectrum of research disciplines.

Case Study 1: Controlling the Growing Threat of Golden Staph

The increasing resistance of bacteria such as golden staph to antibiotics is of growing concern around the world as the medical community faces the spectre of potentially fatal infections which cannot be controlled by drugs.  Researchers at Curtin who study and monitor these bacteria are increasing opportunities for control and intervention, especially within hospitals where they pose the greatest threat.  This research is looking at how resistance is developed and why some strains spread more rapidly than others.

Methicillin-resistant Staphylococcus aureus (MRSA) were first identified in 1961.  They were resistant to the main group of antistaph antibiotics at the time.  From the late 1970s they spread very rapidly throughout the world, increasing their resistance to antibiotics.  Recently identified MRSA strains are often resistant to most antibiotics and some can only be treated with one drug, Vancomycin, although strains resistant to this drug have recently emerged in Japan and America.

Researchers at Curtin are working closely with hospitals throughout Australia, particularly in Western Australia, and are collaborating with overseas researchers.  Curtin’s Molecular Genetics Research Unit based at the Royal Perth Hospital has a facility that provides advice and assistance to interstate and overseas hospitals about the cost and effort of controlling particular strains as it studies and monitors resistant staph and other infectious bacteria.

Case Study 2: Breaking into the Waterfront’s Closed Society
The introduction of Enterprise Bargaining Agreements (EBA) on the Australian waterfront in 1991 presented a unique opportunity for a group of Curtin researchers to investigate what had been, until that moment, virtually a closed society.  The result was a major four-year research program into waterfront reform, looking at the effects of enterprise-based bargaining and the development of effective strategies for change based on trust and communication.

The waterfront presented a unique subject for research into the evolution of industrial relations.  In most other industries, EBAs have led to the development of relationships between employers and employees.  But for the waterfront, the traditional relationship was very much between the employers and unions and any relationship between employer and employees was at a very embryonic stage.

This research was a collaborative effort between Curtin and Conaust Ltd, which was the industry partner.  The main aim of the research was to find out from members of the workforce just how the introduction of an EBA has affected them and their attitudes towards change.  The research team found that the ‘wharfies’ were ready to embrace change.  This signalled the need to develop methodologies for building relationships — an action research program which led to strategies that would promote trust and communication between managers and employees. 

Case Study 3: Managing Our Coral Reefs
Western Australia’s coral reefs have been described as the ‘rain forests of the ocean’, holding the key to the riches of the sea.  A repository for biodiversity, coral reefs provide outstanding potential as fisheries resources, as recreation and tourism areas, as sites for biological research, and as marine national parks and conservation areas.

The coral reefs of the Houtman Abrolhos Islands, 80 km from Geraldton’s coastline have been the focus of extensive research at Curtin.  A six-year study of the Abrolhos Reefs, which are the southern-most coral reefs in the Indian Ocean, is continuing and providing new data on global sea levels, palaeoceanography, Leeuwin Current behaviour, and coral reef growth. Study of the corals can provide information on past sea levels and climate, which can be used to investigate processes such as the El Niño phenomenon.

The Abrolhos Islands are a major source for the Western Rock lobster and the region has a reputation as one of the best-managed fisheries in Australia.  The Abrolhos contributes largely to Australia’s $200 million per annum rock lobster industry.

The study is significant for the establishment of management strategies for coral reef ecosystems.  The results will have implications for planning and management, both for the reefs and the associated coastal environment.  By looking at the reefs’ long-term history and the current condition, the future direction for its environmental management can be determined.

This research is being undertaken in collaboration with researchers from University of Western Australia, Germany and the USA.

Case Study 4: Leading the Fast Ferry Race

Fast ferry passengers and operators around the world have the ingenuity and technological expertise of Western Australian researchers to thank for a much more comfortable ride and for reducing wear and tear on vessels.  A highly effective motion control system for fast ferries developed by the Curtin core of the Australian Maritime Engineering Cooperative Research Centre has opened the door to a new and growing international market for the Western Australian ship building industry.

The ocean leveller system for fast ferries, originally developed by Curtin for Austal Ships is now being fitted to some of the largest high speed aluminium ships in the world. Austal Ships commissioned Curtin to design and develop a system to improve passenger comfort on its high speed aluminium ferries.  It took the Curtin team just nine months to develop the ocean leveller system compared with the main competitor in the United States which had been working on the problem for about a decade. In a cooperative research venture with its industry partner, the Curtin team developed the system’s electronics and computer code while Austal developed the hydraulics and actuators.

Curtin’s involvement in this project has capitalised on the State’s ship building infrastructure and has added value to the industry in a significant way.  The future for this technology is great due to the huge growth in large ferries as operators around the world seek faster, more efficient but comfortable vessels.

Case Study 5: Retrieving Images from the Information Superhighway

One of the consequences of the world’s escalating interest in the Internet is the great increase in the availability of pictorial and video data.  To help make better use of the enormous range of information provided by Web browsers such as Netscape, Curtin is researching the development of a range of effective, user-friendly indexing and retrieval methods to enable the quick location of information in a number of settings.

Indexing is one of the functions of database systems that are becoming more important as we move towards on-line digital libraries and global access to digital data.  Computer vision and spatial reasoning techniques have been successfully applied to indexing libraries of photographic digital pictures.  Image and video annotation and indexing covers the development of tools and technologies for automatically indexing and retrieving image and video data.  This research enables users to direct a number of search techniques.  

In WA, there are many databases of images and video – for example, seismic, agricultural and mining data – that are indexed only by text captions.  Similarly, in industry, there are several databases of spare parts, defective parts and damaged parts that are accessed by text alone.  The development of new tools through this research will enable users to query images and reduce the search time for analysing such data.

The research is also dealing with the development of algorithms for image interpretation in a low level sense in terms of image processing, and in a high level sense in understanding the semantic content of images.  Applications include intelligence surveillance to detect normal and abnormal movement patterns and video compression (particularly relevant in mobile data communication and access). 

Case Study 6: Taking the Guesswork Out of Oil Exploration

Curtin’s Centre for Petroleum and Environmental Organic Geochemistry is one of the top six research centres of its kind in the world.  The Centre’s research into the molecular chemistry of ancient plants is not only assisting the oil exploration industry, but is helping to tackle oil spills and predict the impacts of global climatic change. The Centre is a member of the Australian Petroleum Cooperative Research Centre, a joint venture which also includes research groups from the CSIRO, the Universities of Adelaide and New South Wales and the support of the Australian Petroleum Production and Exploration Association.

Oil is formed in a long process over millions of years when the decomposed plant matter of ancient forests is trapped within mud, which eventually turns into rock. Finding out what those plants were like, how they turned into oil, and in what rocks that oil is likely to appear are among the research tasks of the Centre. Studying the remains of plants, usually the plant’s resins, that were growing at the time that oil-bearing rocks were being formed helps the oil exploration industry to more accurately locate new deposits of oil. It can save the exploration companies millions of dollars.

Studying plant remains can help other scientists piece together vegetarian and climate change over millions of years and predict future trends such as the consequences of future climate change caused by the greenhouse effect.

The Centre’s research also helps oil companies analyse the results of airborne surveys to detect potential oil fields under the sea. The surveys, using laser technology, can detect oil invisible to the naked eye, floating on the sea’s surface.  The presence of such oil traces might indicate sub-sea deposits and through the analysis of the data collected from the surveys, more accurate decisions about the sinking of exploratory wells can be made.

Case Study 7: Development Options and Threats Facing Western Australia
A comprehensive study of possible futures for the State, entitled WA 2029, focuses on the issues that will affect the development of Western Australia as it moves towards its bicentenary in 2029.  The issues included in the study covered world political systems, changes in technology, population growth and migration, the future of work and its implications for education and training, environmental issues, changes in values and developments in the global economy.

This all-encompassing study of Western Australia drew together a team of experts from around Australia under the leadership of Curtin researchers. The team explored the possible paths for development, including accelerated growth through quantum expansion, ‘business as usual’ which captures the continuation of current growth patterns, a gentle decline scenario or the ‘rapid decline’ option.  The study team focused on the two most likely scenarios – quantum expansion and business as usual. 

The study provided a comprehensive guide and vital data for planners, policy makers and decision makers at all levels of business and government in the State as they plot their course for the next millennium.

Since results from this study were released, its prediction that erratic economic growth in Asia could pose a threat to Western Australia’s future growth prospects has come to fruition.

Case Study 8: Taking the Guesswork Out of Smelting
Given the importance of the mining industry to Australia’s economy and the fact that a significant part of the mining industry is located in Western Australia, it is not surprising that the State’s University of Technology works closely with the industry to solve its problems.  Several research teams have been studying mineral processing problems. Two teams have been working with WMC Resources Ltd to improve the operations of its nickel flash smelter. 

A research team from the School of Applied Chemistry and the School of Chemical Engineering has been studying the chemical processes taking place inside the smelter and devised ways of improving them. By carefully studying, both in the laboratory and in a scaled down pilot smelter, the chemical processes which occur in the two seconds that nickel ore travels through the smelter, the research team were able improve upon the smelting process. The changes resulted in WMC saving about $2 million a year in fuel costs.  

In addition, the team was able to show how the analysis of ore compounds before smelting would lead to optimal combinations of compounds entering the smelter so that a mix of relatively constant reactivity could be fed to the smelter thus enabling a smoother operation.

It is not only the nickel industry which benefits from the team’s research. It has also been able to assist the gold processing industry to improve the speed of gold processing. The team has been finding ways of preventing the insides of the processing plant from becoming gold plated from cooling gold chloride vapour produced under the high temperatures required to process gold, and thus limiting the down-time needed to scrape off the gold left inside the processing plant. 

Another research team from Curtin’s Western Australian School of Mines in Kalgoorlie has been working to develop computer programs that enable plant operators to more efficiently manipulate the complex variables involved in the nickel smelting process, as well as improved methods for recovering metals from the slag.

Because the nickel smelting process is very complex involving many variables, such as the variable quality of the ore, the amount of ingredients, such as oxygen, to add to the ore to help it melt, the temperature required, time pressures from other sections of the smelting process, emissions permitted over a given time period and so on, it is essential that the smelting process be modelled as accurately as possible.  The research team have developed a ‘fundamental process model’ and worked it into a computer program which allows far better control of the smelting process by plant operators.

The team is also working on better ways of cleaning the slag, the residue which remains after smelting but which contains nickel and other metals such as cobalt and copper. To the extent that these residue metals can be recovered, the greater are the savings to the industry.

Case Study 9: Tackling the Big Black Hole’ of Middle Schooling

Curtin researchers are working hand-in-hand with the Education Department of Western Australia to tackle an issue that is emerging as a worldwide problem — the ‘big black hole’ of middle schooling, where young people’s interest in science and mathematics declines.  The research project is investigating ways of integrating science, mathematics and technology for early adolescents to retain their interest, and changing teacher attitudes so they can embrace the concept of integrated teaching.

The emerging problem of ‘middle schooling’ for many students appears to culminate halfway through Year 8.  The problem is that a traditional secondary school environment means mixing pre-adolescents with near adults.  And the idea of separate middle schools as a solution to this problem has gained momentum.  This research will identify the best-integrated curriculum practice across a range of middle school environments, develop models for identifying and describing students’ learning development within those integrated contexts, and then develop and disseminate the best examples of integrated curriculum practice.

Schools, which have already investigated the middle school concept, are focussing on that group, and offering new teaching methods designed to seize and retain students’ interest in science, mathematics and technology.

6.5 
Spillover Effects from Curtin’s R&D Activity: Concluding Comments

While it is very difficult to estimate precisely the exact value of the “spillover” effects of the research produced by Curtin university, a combination of methods seems to indicate that this contribution is over $60 million per year. Three methods – the growth decomposition method, the econometric estimation method and the multiplier method – all point to a contribution of around $65 million that flows from Curtin’s R&D activity.  This is over and above the direct and indirect economic impact that comes from the doing of the research, as accounted for in Chapter 4.

The case studies of specific research activities show that Curtin’s research is closely directed at solving important problems faced by industry and society and that this research does lead to important solutions to these problems with significant implications for Western Australia’s economic well-being.

7. A Case Study in Research Spillover Effects:
The Western Australian Technology Park

Of particular interest in the estimation of Curtin University's overall economic impact is the value of research and development which arises from collaboration between Curtin University academic staff and other researchers in the Bentley Technology Precinct, especially WA Technology Park.  This information can be found through structured interviews and a survey of the research activities of organisations in Technology Park and in the surrounding technology precinct.  Because it was not feasible to survey all the organisations within the Technology Precinct, the current study seeks to estimate the impact of Curtin University particularly on the WA Technology Park (WATP) as well as the overall economic impact of the WA Technology Park on the Western Australian economy.  Using output, income and employment multipliers for Western Australian developed by Clements and Qiang (1995), the value-added of the WA Technology Park will be estimated, based on primary data from the survey of the 60 organisations located in the WATP.

Interviews were conducted to ascertain the nature and extent of research and development spillovers which arise from the proximity of the technology precinct to Curtin University.  Four in-depth interviews were conducted with Technology Park firms and the Park manager and another three with representatives of the (off-park organisations) the Department of Commerce and Trade, Agriculture Western Australia (AgWest), and Conservation and Land Management (CALM).

In this section of the report, we will first briefly present the history and profile of the WA Technology Park.  Next a short review of literature on the role and impact of technology parks and their relationships with universities is provided, including a synopsis of results of a previous evaluation study of WATP conducted by the Western Australian Department of Commerce and Trade.  Next the results of qualitative interviews with representatives of firms located within the Park, as well as organisations within the Technology Precinct, are summarised.  Finally, we present the quantitative findings of the questionnaire administered to firms within the WATP, including a profile of respondents, their links with Curtin University, and the total direct, indirect and induced economic impact of the WATP.

7.1 
History of WA Technology Park

Technology Park was established in 1985, adjacent to Curtin University and about 6 km from Perth, the capital of Western Australia (WATP 1998).  During the first year, about 15 organisations located to the 32-hectare Park.  The WA Department of Commerce and Trade administers the Park while daily operations have been overseen by property managers Chesterton International since 1989.

In the first phase, the objectives of the Park were:

· “The facilitation of the growth of key technologies through scientific and industrial R&D activities;

· The provision of land for the location of commercial enterprises involved in the development of key technologies and viable science based industries; and

· The creation of an environment to stimulate R&D, innovation and technology transfer.” (DITC 1989:28).

Now, though, the WA Department of Commerce and Trade sees the primary role of Technology Park as “A Flagship for Science and Technology in the State” (Interview with Roy Chapman, Chair, Technology Precinct Committee).  After having passed through a start-up phase (1985-89) and a growth and consolidation phase (1990-1997), the WATP is now considered to be in the maturity and expansion phase (1997 onwards) (Department of Commerce and Trade 1997).

7.2 
Profile of WA Technology Park

According to park management (WATP 1997), in June 1996, there were around 1,400 employees working in Technology Park as compared with only 70 in 1985.  On average, 30 per cent of employees worked in Research and Development (R & D).  Almost half of all employees possessed bachelor's degrees (Figure 7.1).  

Total turnover for the more than 60 organisations in the Park in June 1996 was estimated at $170 million, each firm spending about 22 per cent of their turnover on Research and Development.  The vast majority of firms were private sector (84%) rather than public sector (16%).  Information technology and service companies were predominant, as is shown in the industry breakdown of firms in the Park in Figure 7.2.  Participation in export markets was primarily in Southeast Asia (50%), then Europe (31%), the United States (28%), and South America and India (19% each).

Figure 7.1: Educational Profile of Employees, WA Technology Park
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Figure 7.2: Industry Groups, WA Technology Park
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Assessment of the Park’s performance is difficult because the original objectives were subjective and performance measurements were not defined and in some cases are intangible (Department of Commerce and Trade 1997).  However, WA Technology Park is currently accepted as the most successful technology park in Australia (Department of Commerce and Trade 1997; DITC 1989).

7.3 
A Review of the Literature: Technology Parks

Over the last 30 years, the increasing importance of 'high technology' to economic growth and development has paved the way for the evolution of the industrial estate into the technology park (DITC 1989).  In conjunction, it has become widely recognised that economies of scale exist for technology-intensive firms; that is, they benefit from being close to one another and positive network externalities ensue.  

The concept of the technology park is hard to define, but depends on the objectives of the establishment of the park and the desired operational environment.  The overall aims of technology parks vary, but often include one or more of the following (DITC 1989; Gordon 1996:189):

· regional economic development;

· property development; and

· technology transfer.

Additionally, priorities in the operational environment can incorporate:

· an attractive physical setting;

· a supportive central management group;

· location near, and linkages with, a university or research institute; and

· the presence of an innovation, incubation or technology centre (DITC 1989:7).

In fact, any combination of the above aims and operations can be known variously as a 'research park', 'science park', or 'technology park', and similar interaction on a larger scale as a 'technopolis' or 'technology precinct'.  Terminology differs internationally but technology park is the most widely used in Australia and will be used hereafter.  Further definitional distinctions have been applied in field-specific research (see Gibb 1985; DITC 1989; Castells and Hall 1994; Lalkaka and Bishop 1996), but for our purposes, the similarities of each type of 'park' are sufficient for us to compare, in the following sub-section, the methods used in the various impact studies. 

7.3.1 
The Impact of Technology Parks 

Importantly, examination of the literature reveals that while there are a large number of studies of the economic impact of Australian and overseas universities (see Chapter 3, this study), this is not the case for studies relating particularly to technology parks.  

The method of assessment of the impact of a park generally reflects the original (and continuing) objectives of the formation of the park.  Thus, relating back to the aforementioned, studies into the 'impact' of technology parks can be categorised in terms of how the formation and organisation of such parks affects: 

· business incubation or firm failure rate; 

· knowledge/technology transfer, innovation or training processes (synergy); 

· investment or real estate markets; 

· employment creation and re-industrialisation (regional development);

· the environment.

The methodology used in the 'impact' literature was broadly of two types or some combination of the two.  On the one hand, impact is often analysed qualitatively and represented via a case study, anecdote, or descriptive history of the park (see Massey et al 1992; Castells and Hall 1994; Saxenian 1994).  Other studies, however, infer the impact of a technology park based on park statistics without estimating any multiplier effects (see Gibb 1985; Lalkaka and Bishop 1996).  Such analyses have failed to perform a true study of the overall economic impact taking into account the flow-on effects of the activities of the park concerned.  Hodgson (1996) finds that there are 'no complete quantitative analyses of net impact' of which he is aware (p. 353).  Hodgson also presents a brief but eloquent discussion of the difficulties inherent in conducting a "full" impact analysis; that is evaluating direct and indirect value-added effects as well as displacement.  Displacement is concerned with changes in the timing of effects or quality versus quantity; and what would/would not have happened otherwise.  Hodgson (1996) further states that "multiplier effects have traditionally been a nightmare for regional analysts as they are difficult to identify and it is never clear how much is retained within the region being examined and what proportion leaks elsewhere" (p. 351). 

Luger & Goldstein (1991) partially attack these problems by using a combination of primary data from interviews and surveys and published secondary data to estimate the impact of three research parks on "business growth, employment growth, personal income levels, income inequality, the labour market condition of women and minorities, other local labour conditions, innovative capacity, and political/civic culture of the respective region" (p. 11).  The estimation of the number of businesses and jobs induced by research parks involved using probabilities attached to the likelihood that the firms would locate to the area if there were no research park.  Employment multipliers were applied to estimate the total number of jobs "induced" by park firms.  Surveys were distributed to out-of-park high-technology firms to determine what number of businesses and jobs would have been generated without the establishment of the research park and employment multipliers were applied to these figures as well.

Their estimates provide evidence that over the lifetime of a technology park, significant employment flow-ons occur to the region.  They estimate that, since its establishment in the early 1950s, 43,000 jobs were generated by the presence of the Stanford Research Park in its local region in California, due to the household income multiplier.  Furthermore, from surveys of out-of-park businesses, another 22,000 jobs would not exist in the region if the Stanford Research Park did not exist (Luger & Goldstein 1991:145-6).  In the region of the University of Utah Research Park, approximately 1,725 additional jobs were generated through the household income multiplier and the total number of jobs attributed to the existence of the research park since its inception in 1970 was 4,350.  The Research Triangle Park (North Carolina) was responsible for inducing 25,500 jobs via the income multiplier; the total number of jobs that would not be in the region if the park had not been created were 52,000, since its founding in 1959.

Using more qualitative methods, Lalkaka and Bishop (1996) criticise results from a previous poll of 62 park managers in which respondents categorically judge the impact of technology parks on regional economic development.  The area felt to be most positively affected was the employment growth rate.  They concluded, however, that "technology parks cannot be considered a homogenous group, given the lack of consensus reported…" (p. 67).  It appears that this method is less likely to produce a reliable result concerning overall impact.

7.3.2 
The Relationship of Technology Parks with Universities

In examining a series of European studies of technology parks, Sunman (1987) found evidence that the presence of a university near a technology park is more beneficial to the park and the local economy than would be the case without it.  She states:

"In general, these studies show that technology transfer is much greater where there is a close relationship with the university.  This may be expected, but there is also evidence to suggest that the impact on the local economy is greater when the university is involved, as developments tend to evolve more naturally from the local resource base; attraction of investment from outside will tend to be more closely related to the research priorities of the university (rather than the footloose establishment of a subsidiary of IBM), and spin-off and multiplier effects may be more intense than when the emphasis is simply on recruiting high-technology investment from a regional planning perspective." (Sunman 1987:143)

Using U.S. state data, Jaffe (1989) similarly finds that university research expenditure feeds positively into the level of industrial research expenditure in a given local area (see Chapter 6).  However, Sunman also points out that companies in virtually all the parks she studied usually expected to gain more benefit from interaction with each other than with the associated university "through the simple presence of like-minded people, opportunities for sub-contracting and for undertaking joint projects" (Sunman 1987:144).  This phenomenon is generally regarded as a positive network externality or, more generally, as synergy.  Liebowitz and Margolis (1994) discuss this network effect in which individual utility is affected by the number of other agents taking equivalent actions.  They then sharpen the definition of network externality to be more specific, where "the equilibrium exhibits unexploited gains from trade regarding network participation" (p. 135).  Because the essence of most technology parks is the technology-intensive or high technology firm, the presence of other esoteric firms (as well as the associated technology networks) and opportunities for synergies play an important role in the successful conduct of business in the park (Korhonen 1996).

Mitra's (1996) findings, however, to some extent dispute those of Sunman (1987).  Mitra (1996) conducted a qualitative study of 8 UK science parks in which the importance of certain factors to the operation of the business was rated from one (not important) to five (vital).  He found that the mean ratings indicated that "there was very little interest in the availability of students from the University (1.54), the ability to use the university R & D facilities (1.68), the opportunity to meet university staff (1.74) or the opportunity to network with other tenants (1.96)" (Mitra 1996:276-7).  It was thus surprising that the majority of tenants still felt that the location of the science park had some positive effect on their business.

Luger and Goldstein (1991) agree that the presence of a university provides added-value to the regional economy, separate to that of the co-located technology park.  Their results show that, in the Stanford region, a small proportion (6 per cent) of in-park jobs would not exist without the park, while the proportions were much higher for the University of Utah Research Park and Research Triangle Park (21.5 and 60 per cent, respectively).  They note that "this attests to the economic strength and attractiveness of the Palo Alto [Stanford] area and the importance of the university connection independent of the research park." (Luger & Goldstein 1991:146).

7.3.3 Evaluation of the WATP by the WA Department of 

Commerce and Trade

In an internal departmental report by the Department of Commerce and Trade, WA, six factors were evaluated in relation to the performance of the WATP (Department of Commerce and Trade 1997).  They were: job creation effects; economic activity; multiplier effects; technology diffusion effects; demonstration effects; and the flagship role of WATP.  Additionally the Department assessed performance against the original objectives of the Park.

Although the complete results of this evaluation study were not released to the authors, summaries for the Department’s findings on each factor and against the original objectives were provided and are detailed below.  

· Job creation effects: the evaluation found that it is too difficult to quantify how many jobs would be in existence in the absence of WATP for comparison, instead they supplied the total park employment in 1997, average employment per company and export earnings per employee.

· Economic activity: generally the park tenants are more active in exporting and have a higher R&D focus than the average Australian firm.

· Multiplier effects: there is a high proportion of professional management in WATP (relative to the average Australian firm), thus the export incomes for the park firms are higher, and therefore there is a relatively “high” spin-off effect for local economy.  The employment multiplier used was 3.5 (as estimated by a previous study of high-technology, research-oriented firms), which is higher than that for most other industries.

· Technology diffusion effects: this factor is also hard to quantify, so the study used qualitative assessment based on interviews with tenants and Curtin University personnel.  The conclusion is that there is little interaction between tenants nor with any of the WA universities.  Indeed, “the technology leverage expected by the proximity to Curtin University and interaction between tenants has not materialised.” (Department of Commerce and Trade 1997:29)

· Demonstration effects: this refers to the effect of the presence of the WATP on the attitudes of young scientists and is also hard to quantify. The study instead reported the number of visits to WATP from international, political, and industrial representatives and from schools/teachers.

· Flagship role of WATP: this factor is not measurable but it seems that the WATP receives a high degree of promotional exposure nationally and regionally (Department of Commerce and Trade 1997).

Overall, the evaluation report found that the Park was a successful initiative (except concerning technology diffusion) but had only achieved half of its original objectives because they were overly ambitious (Department of Commerce and Trade 1997).  Furthermore, there are effectively no similar studies of parks in Australia with which to compare the results.  

7.4 
Interviews with Organisations in the Technology Precinct

The concept of the Technology Precinct centres around the WATP and Curtin University.  The Precinct includes various educational institutions (several high schools/colleges, a TAFE campus and Curtin University), government departments, research and development, scientific and manufacturing organisations, residential housing, retail outlets and social and community organisations and covers parts of the suburbs of Bentley, Kensington, Como and Waterford (Department of Commerce and Trade 1996).  The aim is to create a ‘West Australian Technology Village’.  The Village/Precinct concept would involve the expansion of WATP, and upgrade of in particular, the telecommunications and transportation infrastructure in the area, as well as that of the hotel, conference and recreational facilities, entertainment, shopping and services infrastructure.  

It is estimated that non-government revenues directly generated from the Village would be in excess of $225 million per annum, and based on current growth rates, this is predicted to more than double to over $450 million per annum (in 1994 dollars) during the period 1996-2006 (Department of Commerce and Trade 1996:2). It is also forecast that 8,500 new jobs would be created in the same ten-year period (Department of Commerce and Trade 1996).

Interviews were conducted to ascertain the nature and extent of research and development spillovers which arise from the proximity of the technology precinct to Curtin University.  Four in-depth interviews were conducted with Technology Park firms and the Park manager and another three with representatives of the (off-park organisations) the Department of Commerce and Trade, AgWest, and Conservation and Land Management (CALM).

7.4.1 
Organisations in Technology Park

Owner/managers of four firms located within WATP were interviewed in-depth and were asked about the history of their firm (for background purposes), their decision to locate to WATP, the benefits of the WATP location, and their links with Curtin University.  The following types of firms were included: a software and information technology provider to the mining and exploration industry; project management and venture capital funding provider; laboratory and quality systems accreditation; and, power/energy electronics.

Location Decision
All four firms mentioned that they originally chose to move to WATP to be close to Curtin University or its components with which the firms had affiliations.  Furthermore, three felt that the potential for interaction with similar types of businesses (synergies) was important.  One firm also thought that the pleasant or attractive surroundings of the WATP “affects people very much which is one of the main reasons why we moved here”.

Benefits of WATP Location

Three of the firms interviewed saw proximity to Curtin as an on-going benefit of their Technology Park location and the reasons for this are discussed below under “Links with Curtin University”.  

Although the presence of other technology-oriented firms was a factor in the decision to locate to WATP of some of the firms interviewed, such interaction had never actualised for two of the firms.  One of these firms felt that there was still potential for synergies with other WATP firms.  Examples of actual synergies with other Park firms included informal exchanges of ideas and technical information as well as formally using staff of other Park firms as technical consultants (particularly patent attorneys), using information technology designed by other Park firms for special operating systems and for presentation of information.  It was stated that WATP is “a very useful place to be” and is a “fascinating place to be even if it's not your particular field”.  Two interviewees feel that Peter Why, the Park Manager, is very pro-active in his efforts to unite businesses within the Park that have common interests and complementary needs or goals.  

One firm indicated that the Technology Park address in itself was prestigious while another firm disagreed with this concept. Other benefits of the Technology Park location mentioned, aside from the above, were pleasant surroundings, parking availability and easy access the city and the airport.

Links with Curtin University

The past or current links with Curtin University maintained by the four Technology Park firms interviewed included: a multitude of current or potential joint/collaborative research projects; training courses; recruitment of students/graduates; use of laboratory/testing facilities; use of Curtin staff as formal/informal consultants, particularly through Curtin Consultancy Services; use of Curtin library and computing facilities; providing consultants or teachers to Curtin University; staff studying at Curtin University; and student projects.  One firm stated that “cooperation with the relevant people at Curtin University is first class”.

7.4.2 
Organisations within the Technology Precinct

Representatives of two organisations from the Technology Precinct and from the administrator, the WA Department of Commerce and Trade were interviewed.  The representatives from CALM and AgWest were asked about how they perceive the concept of the Technology Precinct, what benefits they get from their proximity to the WATP and Curtin University.  The role of WATP and its proximity to Curtin University were discussed with the Chair of the Technology Precinct Committee at the WA Department of Commerce and Trade.

The Technology Precinct Concept

The representatives interviewed stated that both organisations saw themselves as part of the Technology Precinct and AgWest is particularly active in the formulation of the master plan of the Precinct due to the fact that future expansion of the Precinct will be onto land owned by AgWest.

AgWest sees the main opportunities of the Technology Precinct as the sharing of resources and linking into advanced telecommunications platforms.  CALM finds not only the abovementioned as flow-ons from the Technology Precinct but in addition sees the cross-fertilisation of ideas and synergies with other firms, critical mass, the ability to deal with local authorities on a group basis, transport links and economies of scale due to aggregation of technology as important flow-ons.

Benefits from Technology Park

Agriculture Western Australia state that they haven’t received any benefits as yet from being near Technology Park as it is too remote and there aren’t any agriculture based firms in the park.

However, the long-term benefits of being part of the Precinct are as described above for the Technology Precinct and also include:

· The opportunity to dispose of unwanted land in a productive way that benefits the whole of the state;

· The opportunity for sharing of knowledge.

CALM sees only marginal benefits from its proximity to Tech Park.  They believe that there could be future benefits but that these are not fully achieved yet.  Some of these benefits are:

· proximity to like minded organisations;

· communication links;

· access to Curtin information services such as the library.

There are several reasons why the benefits from CALM’s proximity to Technology Park haven’t yet been realised.  These are:

1. Technology Park is on the other side of Kent Street from CALM, so there is still some level of isolation.  When the park extends to their side of Kent Street, there will be greater opportunities for informal meetings, exchange of ideas and use of common facilities.

2. CALM is a biotechnology organisation and Curtin University is not strong in biotechnology.  Apart from CALM and the Department of Agriculture there are no biotechnology organisations in the precinct.  CALM sees this as a serious deficiency in Curtin University and Technology Park.  They believe that biotechnology is the wave of the future.  “The twentieth century may have belonged to the physical sciences, but the 21st century will belong to biotechnology.”
It would seem, however, that the second point is a misperception by CALM, as several of the organisations located in Technology Park classify themselves as working in the biotechnology field (eg. Biotech International Ltd. and Genetica Biotechnologies).

Benefits from Curtin University

CALM does see benefits from its proximity to Curtin University.  There are spin-offs from being near a large institution which facilitates access to a pool of skills, knowledge and information.  CALM does believe there is a problem in that Curtin is physical science-oriented and Technology Park is biological-science oriented.  There is not as much interaction now as there could be in the future.

AgWest sees being close to a tertiary institution as an advantage because there is a degree of interaction through research activities and sharing of ideas and knowledge.

There is also the opportunity for resource sharing in the future through the Technology Precinct, however no one is currently driving these opportunities (i.e. there is a need to get the steering committee up and running).

7.4.3 
The WA Department of Commerce and Trade

The WA Department of Commerce and Trade sees the primary role of WATP as “A Flagship for Science and Technology in the State”.  The value of Curtin University’s proximity to WATP is as a promotional vehicle and is promoted in a number of ways, such as:

· used as a promotional vehicle to attract companies to the Park;

· helps to promote the fact that companies in the Park are technology based;

· infers that companies in the Park have a relationship with Curtin University;

· used to promote WATP to South East Asia as a skills base and investment opportunity;

· used to promote Curtin University to South East Asia as an educational institution that offers opportunities for students to obtain work experience in Tech Park.

Actually, though, recent Departmental research shows that companies in WATP don’t like to be associated with Curtin University as they don’t like to feel that they are owned by the University.  A recent example was cited in which an attempt by the Town of Victoria Park to change the name of suburbs surrounding Curtin University to Curtin was met by an overwhelming negative response from companies in the Park.  The WATP firms believed that changing the suburb name to Curtin would reduce the prestigiousness of the WATP address.

7.5 
Survey Data Analysis

7.5.1 
Profile of Survey Respondents

A total of 39 surveys were returned from the 60 Technology Park companies, a response rate of 65 per cent.  Three reminder letters (one including the full survey again) and one telephone call to each of the non-respondents over a two-month period failed to retrieve the remaining replies.

The total 1996/97 turnover for the Technology Park component of the respondent firms was $75,151,805 (before weighting for non-response). The total value of research and development for the 1996/97 financial year, estimated as a proportion of turnover, averaged 26 per cent or $19,539,469.  The total number of employed persons from the respondent firms was 898.  Total wages and salaries amounted to $11,442,421.

7.5.2 
Links with Curtin

Employment and Consulting

Around 13 per cent of the respondent businesses were founded by a staff member of Curtin University.  Over 51 per cent said they employed Curtin University graduates or students, ranging in number from 1 to 8 employees and averaging 2.6 persons.  Only about 15 per cent said that they employed Curtin University staff as consultants, but these ranged in number from 1 to 10 consultants and averaged 2.8.  However, the maximum overall proportion of working time spent consulting/communicating with Curtin University staff was 80 per cent, with a mean of 6.5 per cent.  The areas in which graduates, students or consultants work most are research, consultancy and software.

Three firms indicated that they had one joint venture with Curtin University and two of these firms provided the value of their venture ($4,000 and $300,000).

Locational Decision

Most respondents (61.5%) said that proximity to Curtin was not a major consideration in their locational decision.  For the 35.9 per cent of firms that replied that Curtin University was a major consideration in the decision to locate to Technology Park, Table 7.1 shows the importance of various attributes which relate to Curtin.  Mean responses, on a scale from 1 to 3 representing not, somewhat and very important, indicate that the most important factor was access to the Curtin library facilities, followed by proximity for purposes of joint research/ventures, informal links with academics and graduate recruitment.  The least important factors were staff exchanges/visits, employment of academics, and access to computing facilities.

In examining the largest proportion that responded in the ‘very important’ category, the most important factor relating to Curtin University was access to library facilities followed by access to email/Internet facilities and testing services available at Curtin.  Least important, judging by the number of respondents in the ‘not important’ category, were staff exchanges/visits, product trials development, testing services available at Curtin, and access to computing facilities.

Table 7.1

[If the proximity of Curtin University was a major consideration] How important were the following in your decision to locate to Technology Park?


Not important

1
Somewhat important

2
Very important

3
Mean

Access to computing facilities
68.0
16.0
16.0
1.48

Access to library facilities
40.7
33.3
25.9
1.85

Access to e-mail/Internet infrastructure
56.0
20.0
24.0
1.68

Product trials development
70.8
20.8
8.3
1.38

Testing services available at Curtin
69.2
7.7
23.1
1.54

Access to other equipment at Curtin
56.0
32.0
12.0
1.56

Student projects
52.0
40.0
8.0
1.56

Staff exchanges/visits
73.1
19.2
7.7
1.35

Employment of academics
64.0
28.0
8.0
1.44

Informal links with academics
35.7
53.6
10.7
1.75

Proximity for purposes of joint research/ventures
37.0
48.1
14.8
1.78

Graduate recruitment
46.2
34.6
19.2
1.73

Training facilities 

(including part-time study for employees)
46.2
50.0
3.8
1.58

Of the ten 'other' responses only 2 actually had to do with Curtin; both referring to the technology environment and networking.

All surveyed firms were also to rate factors which influenced their choice to locate to Technology Park which were unrelated to the proximity to Curtin University.  Of the non-Curtin factors, these included rent subsidy, corporate lifestyle, provision of good accommodation, proximity to key partner businesses, sought after location and administration of park (Table 7.2).

Table 7.2

[Irrespective of Curtin University], How important were the following in your decision to locate to Technology Park?


Not important

1
Somewhat important

2
Very important

3
Mean

Proximity to customers
50.0
26.3
23.7
1.74

Availability of raw materials
89.2
10.8
..
1.11

Positive legal environment
67.6
24.3
8.1
1.41

Proximity to appropriate government departments (eg. CALM, AgWest)
64.1
28.2
7.7
1.44

On-park facilities, ie. conference room, fibre optics, IASPNet
20.5
53.8
25.6
2.05

Reasonable rent
10.3
59.0
30.8
2.21

Proximity to city centre
21.1
57.9
21.1
2.00

Proximity to international airport
53.8
38.5
7.7
1.54

Convenient road infrastructure
30.8
56.4
12.8
1.82

Scientific environment/exchange of ideas/cooperation
22.2
47.2
30.6
2.08

Possibility of joint ventures/research with other Technology Park tenants
28.9
47.4
23.7
1.95

Availability of legal and business support through centralised management
46.2
46.2
7.7
1.62

Availability of space for expansion
23.1
43.6
33.3
2.10

Prestige/image of site
7.7
46.2
46.2
2.38

Proximity to subsidiary/parent
89.2
2.7
8.1
1.19

Proximity to other educational institutions other than Curtin University (eg. TAFE, Canning College, Kent St High School)
66.7
30.8
2.6
1.36

Special tax incentives
84.6
7.7
7.7
1.23

International linkages/contacts
51.3
38.5
10.3
1.59

Other (please specify)
40.0
10.0
50.0
2.33

Most (60%) of the respondent Technology Park firms had no clients at Curtin University, while a further 38 per cent had a minority of their customers at Curtin (Table 7.3).

Table 7.3

Q22.
Customers at Curtin (%)

None
59.5

A minority
37.8

A majority
2.7

All
0

In an open-ended question (with a large amount of reply space provided), firms were asked to "comment briefly on any direct or indirect links your business has with Curtin University, particularly those affecting output, research and development, personnel, etc. and how your proximity to Curtin benefits your business".

Seventeen of the 39 respondent firms (43%) provided details of links with Curtin and two of these indicated that they would welcome further liaison with the university. Six others indicated in the space supplied that they were interested in developing such links but either didn't know how to go about it or had made unsuccessful attempts. Replies were generally vague as to the nature of these links but those mentioned particularly were: technical advice from Curtin staff; use of testing services at Curtin; training courses provided by Curtin; provide catering to Curtin; membership in professional societies in which Curtin is strongly active; possible joint ventures with Curtin; acceptance of Curtin student projects; lecturing at Curtin; involvement with Curtin Consultancy Services; joint research projects; committee participation; recruitment of Curtin students/graduates as staff; informal discussions with Curtin staff; use of Curtin video conferencing, internet and library facilities; and to provide consultation to Curtin University.

7.6 
Total Impact of Technology Park

A variety of industry-based multipliers from the WA input-output tables (Clements and Qiang 1995) were applied to the Technology Park firms' survey data, according to the main area of operation for each firm.  The direct effect represents the total number or expenditure summed over the surveys received.  The total effect represents the direct effect multiplied by the appropriate WA industry multiplier for each individual firm and summed across all respondent firms.  The difference between the total and direct effect is the induced effect (an average multiplier over all the respondents).

Table 7.4 shows the total, direct and induced effect of the respondent Technology Park firms, before weighting for non-response to the survey.

Table 7.4: 
Total Effect, Direct and Induced, of Respondent 

Technology Park Firms


Direct Effect
Induced Effect
Total

Employment
898
1121
2019

Income
$11,442,421
$7,798,318
$19,240,739

Output
$75,151,805
$68,740,645
$143,892,450

Before weighting for non-response, the ratio of export revenue to turnover averaged 46 per cent.  Expenditure by respondent firms on research and development had a mean of 26 per cent of turnover, or $19,539,469 in total.

To better estimate the actual sum figures for all the Technology Park firms, total figures for the respondent firms were weighted upward to account for non-response by 1 over the response rate (.65), which equalled 1.54 and was multiplied by total figures for output, income and employment.  Table 7.5 provides the weighted estimates of the direct, induced and total effect of Technology Park firms.

Table 7.5: 
Total Impact of Technology Park, Direct and Induced Effects 

(weighted for non-response)


Direct Effect
Induced Effect
Total

Employment
1383
1726
3109

Income
$17,621,328
$12,009,410
$29,630,738

Output
$115,733,779
$105,860,594
$221,594,373

The average employment multiplier applying to Technology Park firms is 2.25, for income, an average 1.68 and for output, 1.91.  This shows that although there are some firms in the Park to which very high multipliers to the WA economy apply, they are a relatively small proportion of the firms in the park.  Most firms in the park can be classified as business services, which support the operations of the high value firms.  

After weighting, exports averaged 70 per cent of turnover for Technology Park companies, while expenditure on research and development was around 40 per cent of turnover, a very high figure for Australian firms. Total research and development expenditure for Technology Park is estimated to be $30,090,782.

7.6.1  
The Impact of WATP as a Proportion of State Totals

Table 7.6 shows the proportion of state total figures accounted for by the direct effect (i.e. no multiplier effect) of WATP.  The importance of the WATP figures can only be understood in the context of the average enterprise in WA.  In 1996/7, there were approximately 86,288 private enterprises in WA.  In each case – gross state product, employment, wages and salaries, merchandise exports, and research and development expenditure – the average WA private enterprise accounted for only 0.001 per cent of the state total.  WATP consisted of roughly 60 organisations (at the time of the survey).  Therefore, to be equivalent to the size of WATP, the average WA enterprise must be multiplied by 60, making the total average proportion of the state total 0.06 per cent.  In each case, the WATP performs at least – in fact, in most cases as least twice – as well as 60 "average" firms.  Most strikingly, the estimated research and development expenditure of WATP firms accounts for about 2.94 per cent of state research and development, some 42 times better than the average for any 60 WA firms.

Table 7.6: 
The Impact of WATP as a Proportion of State Totals and 

Comparison to Average WA Firms


State Total 
Figure for 60 "average" WA private enterprises
Approximate percentage accounted for by WATP 

(Direct effect after weighting)

Gross State Product 

(1996/7)
$50.6 billion
0.06
0.23

Employment

(1996/7)
848,800 persons
0.06
0.16

Wages and Salaries

(1995/6)
$22.6 billion
0.06
0.08

Merchandise exports

(1996/7)
$19.3 billion
0.06
0.28

Research and Development (1994/5)
$664.5 million
0.06
2.94

Source: Survey data, ABS and Department of Commerce and Trade.

7.7 
WA Technology Park as a Case Study: Conclusions

The total economic impact of the WATP on the WA economy is significant, exceeding $200 million.  In comparison to average WA firms, WATP performs markedly better in terms of contribution to output and exports but particularly so for research and development expenditure.  There is less evidence as to its extraordinary employment and income generating effects.  

The results of this study suggest that the links between WATP firms and Curtin University are relatively weak in practice while there are many potential synergies yet to be exploited.  Certainly the spin-off effects for the state economy of collaboration between the two would be greater for working together than otherwise.  This finding concurs with that of the WA Department of Commerce and Trade evaluation. 

8. Conclusion: Curtin's Annual Economic Impact on WA

In a time of change due to international economic pressures brought about by 'globalisation,' the relationship between universities, which rely on public funds for a significant proportion of their teaching and research activities, and the state, which funds them, is under scrutiny. Universities are large businesses which have much to contribute to their host communities and are increasingly required to be accountable to their host communities for the resources invested in their teaching and research activities.

This study has provided an estimate of the economic contribution that Curtin University of Technology makes to the State of Western Australia, and thus to the nation through its teaching and research.

Curtin is currently educating some 24,500 students, over 3,000 of which are international students studying in Western Australia. It employs around 2,500 staff; about 1,200 of these are academic staff largely involved in teaching and research and the remaining 1,300 are general staff largely involved in administration and service delivery.

These numbers suggest that Curtin is a major business. It is. It has an annual turnover of some $250 million, making it Australia's tenth largest university in terms of gross revenue. This would place Curtin as the 11th largest private business in the State and about the 600th largest business organisation, whether government-owned, publicly-listed or privately-owned, in Australia.

The economic impact of the University on the State of Western Australia can be measured in three major ways:

1. The direct and indirect income and employment generated in the State through its activities (including the generation of export income);

2. The enhancement of the State's (and nation's) human capital through its education of university graduates; and

3. The creation of wealth through the spillover effects to government and business of its research and development activities.

Assessing the direct contribution of the University to Western Australia in 1996, this report has shown (in Chapter 4) that Curtin University of Technology contributed some $204.3 million to the State through its expenditure on staff, non-wage purchases and net capital expenditure. Students contributed some $63.8 million through their expenditures while international visitors (largely visitors of international students) contributed a further $5.1 million. Finally, staff contributed another $1.71 million by way of consultancy income. 

This aggregate income of $274.9 million translates into a total direct plus indirect contribution of $434.3 million once the additional income generated elsewhere in the economy from this direct contribution is taken into account by the use of appropriate expenditure multipliers.

Using appropriate employment multipliers, it was estimated that this contribution to the State's economic activity generated some 3,981 jobs in 1996, made up of the 2,364 jobs generated directly by Curtin and a further 1,617 jobs generated indirectly elsewhere in the economy.

The report also estimated Curtin’s contribution to export income. Curtin's international students and their visitors generated some $76 million in export revenue for the State (and nation).

In Chapter 5, the report evaluated Curtin’s contribution to human capital enhancement through its teaching. It shows that Curtin adds some $370 million in additional net human capital for each of its graduating classes through its teaching and learning activities. The data show that for every dollar that the government contributes to a student's education, it gets back $1.15 in additional (discounted) tax revenue from the enhanced salaries achieved as a result of a Curtin University education. The private payback to students on their investment in a Curtin education is considerable. The data show that for every dollar invested in their education, they will receive an additional (discounted) lifetime return of $3.16 as a result of being a Curtin graduate.

The study assessed (in Chapter 6) the additional flow-on effects on the State’s economy from the university’s research and development activities. Curtin’s research and development activities are substantial. Curtin is either home to or participates in 39 major Australian research centres or institutes, including 8 National Cooperative Research Centres. Annual research income amounts to over $25 million.  This research effort leads to many innovations and improvements to industry and to increased understanding of social and economic systems that improve economic and social welfare. These are the spillover benefits of university research and development.  While recognising the difficulty in estimating the spillover benefits of university research to industry, it was estimated, using a variety of methods, that the additional spillover benefits to the State that flow from Curtin University’s R&D activity amount to some $65 million.  These benefits are additional to the direct and indirect benefits of actually carrying out the research (covered in the $434 million contribution estimated in Chapter 4 of the report). Also a number of case studies of research projects were presented in Chapter 6 to illustrate the specific benefits that have flowed to industry as a result of Curtin’s research.  These case studies illustrate the capacity of Curtin’s research and development effort to provide solutions to important and pressing problems facing society.

According to the estimates made in this report, the value of the annual full economic benefits of Curtin University to the State therefore amount to between$713 and $872 million per year, depending upon whether indirect effects are taken into account and are summarised in Table 8.1

Table 8.1

Source of Economic Impact
Value ($ millions)

Direct Impact of Expenditure by Curtin University and its Staff and Students
275


Indirect Impact of Expenditure by Curtin University and its Staff and Students
159


Total Direct and Indirect Effect

434

Net Human Capital Formation through Teaching

370

Spillover Effects on Industry from Research

65

Total Dollar Value of Economic Impact (excluding indirect impact)

713

Total Dollar Value of Economic Impact

(including indirect impact)

872

The report also explores (in Chapter 7) the economic impact of the WA Technology Park and Technology Precinct which are in the immediate neighbourhood of the main Bentley campus of Curtin. It finds that the direct and indirect contributions to income, output and employment of the firms that make up Technology Park are considerable (amounting to about half Curtin's contribution in terms of income and output and just slightly less in terms of employment). However ascertaining just how much of this contribution is ascribable to the relationship between the Park and the University remains problematic.
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Referee’s Report: Professor Peter Dawkins

Contributing to the Community through Education and Research: Quantifying the Economic Impact of Curtin University of Technology on the Western Australian Economy

Referee's Comments

Introduction
There are three main substantive parts of the study:

· direct income and employment effects

· effects on nation's human capital

· spillover effects of R. and D.

I am pleased to provide a general endorsement to the report, subject to some revisions. The report reads well and there are no major flaws in it, but I consider that some caveats should be added and that some changes in emphasis are needed.

I will deal with each of the three parts in turn.

Direct income and employment effects

This part of the study has used a quite standard approach to measuring the economic impact of a university. There is one methodological issue, however, which is quite contentious. That relates to the use of multipliers. Some previous economic impact studies have applied multipliers to the total expenditure associated with an institution or event. Others have suggested ‑that such multipliers should not be used at all. Some, like this one, take an intermediate approach.

This intermediate approach restricts of the use of a multiplier only to expenditure drawn in from outside the state. The report justifies this on the basis of the "counterfactual", i.e. what would be the situation in Western Australia if there was no Curtin University. This, of course, can never be known, but the study's approach is arguably justified on the basis that perhaps, unlike expenditure already inside the state, such expenditure would not come into the state without Curtin University. There is a quite good attempt to defend this in the section on methodology. Some of the expenditure from outside of the state on Curtin, however, presumably would go to UWA or Murdoch? Equally of course, some of the expenditure from within the state might go interstate to education or research providers in other states. It's all a bit of an unreal discussion and I think the report more or less hints at that and, in the circumstances, makes quite a good attempting at justifying its decision.

There is a strong argument, however, that such a multiplier should not be used at all, partly because of the unreality of the "counterfactual", and partly on the basis of the following logic.

If you took all the expenditure attracted into the state by some organisation, event, or other, and then calculated the multiplier effect of such expenditure and then added it all together, the total economic impact on Western Australia, of all of the things that make up the WA economy would sum to a number much larger than the size of the gross state product. This argument might be countered by the suggestion that there are a small number of major activities that underpin the State's economy, for which such an analysis is justifiable, but there would have to be a large element of arbitrariness in determining what they were.

For these reasons, when we undertook an economic impact of University of Melbourne, at the Melbourne Institute, we decided not to use a multiplier at all. Indeed, had we not chosen to do this in the first instance, our external reviewer would have insisted on it.

My own view is not quite as black and white as the above mentioned external reviewer. As the above discussion implies, it is not a black and white issue. I would not recommend, therefore, deleting the multiplier analysis. I would, however, suggest that greater weight should be placed on the estimate of the economic impact without the multiplier (i.e. the "first round" effects).

I suggest that the study should put forward as its primary estimate of the income and employment effects, the first round effects. This should be the basis of the main numbers put forward in the conclusions and executive summary. Its share of Gross State Product could be mentioned as that would help to put such a number in context. This could then be followed by a discussion of the possible use of multipliers, pointing out that many studies do so, but highlighting the kind of criticisms that I have put forward above. The multiplier calculations that have been used in the study could then be put forward as a secondary measure of the economic impact of the university.

The Estimated Returns to University Education

This is a very interesting section of the report and uses a methodology previously applied to La Trobe University by Dr. Ewen Michael.

I think that it would be helpful if, at the beginning of Chapter 5, the authors indicated that the estimates to be presented are based on a number of simplifying assumptions and therefore should be treated as indicative. The simplifying assumptions, as I understand it include for example:

· a ten per cent rate of return to education (this number is based upon a judgement drawing on a range of studies in Australia and trends in their findings, and does not result from data on Curtin university graduates)

· Curtin Graduates incur the same kind of foregone earnings as those assumed by

Michael for La Trobe students

A more detailed study of this issue for Curtin University would include, for example, a consideration of the discipline mix of Curtin graduates, the full‑time/part time mix and the mix of school leavers and mature students. Ideally, also it would have been helpful to benchmark the earnings of Curtin graduates against earnings of graduates from other institutions.

The final estimates (Items R and T in Table 5. 1), suggest a rather high private payback ratio and a rather low social payback ratio. It is very noticeable for example that the private payback ratio is significantly higher than that estimated for La Trobe University in 1994, and the social payback ratio substantially lower. It would be useful if the authors could explain the sources of these differences.

The big difference between private and social payback ratios, and the rather low social pay back ratio, might lead one to conclude that while the individuals who study at Curtin University, do very well out of it, it is not so clear that society is getting a very high return for its investment. This at least deserves some discussion.

It should be added that the assumption of a 10 per cent private rate of return to University education could be challenged on the basis that not all the apparent return to education results purely from the education per se. To the extent that educational institutions act as a screening device to identify people's capabilities, some of the return could be a return to ability. To the extent that this is true this also leads to exaggerated estimates of social returns. This needs to be mentioned as a caveat.

Spillover Effects from Curtin's Research

Of the three parts of the study this is the, most speculative. This is more or less acknowledged in the text but arguably deserves a little more emphasis. In the introduction it is mentioned that it is notoriously difficult to estimate the flow‑on benefits from Research and Development. It should be added that the methods to be used are designed to give an indicative estimate of the range of orders of magnitude that might be assigned to such benefits.

The growth decomposition approach looks very dubious to me. I recognise that is has been used before in a similar context (Sudmant 1994), but a strong caveat is needed in my view. There appears to be an implicit assumption in this method, that all of the technical change enjoyed in the Western Australian economy results from Western Australian R. and D. In other words if there were no R. and D in Western Australia there would be no technical change. In truth most new ideas adopted to improve productivity in W.A. are likely to have originated outside of W.A. Having said that, these ideas are more likely to be adopted to the extent that some R. and D is undertaken. However the implicit assumption that all technical progress results from R. and D inside the State is likely to lead to an overestimate of the flow on benefits of W.A. and Curtin's R. and D to the state.

The value at cost approach looks reasonably solid to me, although I agree that it is likely to lead to an underestimate. Against that it is possible that some expenditures on some projects may involve more cost than benefit, which would have the opposite effect.

The multiplier equivalence approach is very interesting and is based upon a method that has been published in one of the best refereed economic journals in the world. However, it is perhaps a rather bold assumption, that Jaffe's (1989) empirical findings for the U.S can be applied to Western Australia. Again this is more or less acknowledged in the report. I think this is a very useful part of the study.

The nine case studies included in this section of the report are very interesting and are very useful in helping to convincing the reader of the value of Curtin's R. and D effort.

The case study of the Western Australian Technology Park is also very interesting. My main concern with it is the use of multipliers, which should be subject to the same caveats as outlined in my comments on the direct income and employment effects of Curtin University.

Summary

As mentioned in my introduction, I am pleased to provide a general endorsement to the report, subject to some revisions. The report reads well and there are no major flaws in it, but I consider that some caveats should be added and that some changes in emphasis are needed.

I should add that these caveats and changes in emphasis should also be reflected in Chapter 8 (Conclusions), which should be more circumspect about the economic impact of Curtin University. For example Table 8.1 is designed to provide the largest possible estimate of the economic impact of Curtin, from the methods used. As outlined in my comments there are strong reasons to favour some lower estimates. I think that Table 8.1 should be deleted and replaced with a discussion of the possible range of estimates that flow from the study. Within this, first round effects should be emphasised and caveats mentioned in relation to second round effects.

Peter Dawkins, 15 February 1999
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� Indeed, the Aggregate would be (1+m)GSP where m is the appropriate expenditure multiplier.


� The authors would like to thank Professor Peter Dawkins of the University of Melbourne for very useful and clarifying comments on these issues.


� As indicated in the Introduction to this report, all measures of the direct and indirect impact of Curtin are based on 1996 data.  This is for two reasons.  First, not all of the 1997 data were available at the time the calculations were made.  Second, the survey data were collected in 1997 based on 1996 information.  Year-to-year variations are small and thus the economic impact is relatively constant over short spans of years.


� We abstract from taxation revenues returned to the State by the Commonwealth and the effects of Commonwealth spending out of taxation revenue raised in the State.


� About 30 per cent of the academic staff sampled reported earning consultancy income. Those reporting earning any consultancy income earned on average about $16,370 from consultancy in 1996. There will be error bands around these point estimates from the survey data. Given the completed survey sample size and the size of the academic staff population, we can be 95 per cent confident that these point estimates are accurate to within ±5 per cent.


� Various industry multipliers, matching the activities of the 60 different firms, however, are used in the estimation of the economic impact of WA Technology Park in Chapter 7 of this report.


� It should be noted that this simplification results in an approximation to the true value of enhanced human capital because differences in earnings across the discipline mix of students are not accounted for, nor are the differences in earnings upon graduation for, say, mature age versus school leaver students. It would also have been useful to consider the specific earning of Curtin graduates as against an average figure for all graduates. However, it is most unlikely that these simplifying assumptions have had a significant affect on the calculations made.


� It should be noted that the 10 per cent rate of return figure is an estimate based on a number of Australian studies on the rate of return to education, and is not based on a specific study of data concerning the rate of return to education for Curtin University graduates.


�  Material presented in this section was mostly taken from the Office of Research and Development’s Research Report 1996, Management Plan 1998-2000 and Research and Development: Leadership in R&D Solutions, Curtin University.


�  Curtin is the major participant in 6 CRCs and a supporting participant in 2 others (see Chapter 2 for a complete list of these).


� As defined by the Department of Employment, Education, Training and Youth Affairs. This is a very restrictive definition of publications, but allows for comparability across the university system.


� In 1997, there were over 1000 postgraduate research students with 329 students studying for research Masters degrees and 674 for Doctoral degrees.


� These issues are explored more fully in Chapter 7.


� 0.35 multiplied by 0.254 multiplied by 0.33 expressed as a percentage. It might reasonably be argued that the initial 35 per cent contribution to growth in WA from technical change is sourced primarily from R&D that occurs elewhere in the world and that the WA contribution to this is minimal. At the same time, however, expenditure on R&D within WA (including Curtin’s contribution) contributes to growth elsewhere, too. Without much greater analysis than is possible here, it is impossible to know whether WA gains more in technical advance than it gives by virtue of its own expenditure on R&D. Nevertheless, the growth decomposition approach is widely used to understand the contribution to growth of R&D at a macroeconomic level. To ensure that the value obtained by this method is reasonable, four other independent methods of evaluation are used in this section of the study.


�  The case studies presented taken from the Curtin University R&D Research Report 1996.





PAGE  

_968652976.xls
Chart6

		Doctorates

		Masters

		Bachelors

		Diplomas

		Skilled

		Semi-skilled



Educational Profile of Employees - Technology Park Firms

5.4

4.96

47.69

10.79

15.75

15.41



Sheet1

		

		Mining Research		12.12

		Biotechnology		6.06

		Energy		3.03

		New Materials		6.06

		Information Technology		24.24

		Electronics		12.13

		Medical/pharmaceutical		6.06

		Environmental		9.09

		Service		21.21

		Doctorates		5.4

		Masters		4.96

		Bachelors		47.69

		Diplomas		10.79

		Skilled		15.75

		Semi-skilled		15.41





Sheet1

		



Industry Groups - Technology Park Firms

Medical



Sheet2

		



Educational Profile of Employees - Technology Park Firms



Sheet3

		



Industry Groups - Technology Park Firms

Medical/
pharmaceutical
6%



		



Educational Profile of Employees - Technology Park Firms



		





		






_968652978.xls
Chart5

		Mining Research

		Biotechnology

		Energy

		New Materials

		Information Technology

		Electronics

		Medical/pharmaceutical

		Environmental

		Service



Industry Groups - Technology Park Firms

Medical/
pharmaceutical
6%

12.12

6.06

3.03

6.06

24.24

12.13

6.06

9.09

21.21



Sheet1

		

		Mining Research		12.12

		Biotechnology		6.06

		Energy		3.03

		New Materials		6.06

		Information Technology		24.24

		Electronics		12.13

		Medical/pharmaceutical		6.06

		Environmental		9.09

		Service		21.21

		Doctorates		5.4

		Masters		4.96

		Bachelors		47.69

		Diplomas		10.79

		Skilled		15.75

		Semi-skilled		15.41





Sheet1

		



Industry Groups - Technology Park Firms

Medical



Sheet2

		



Educational Profile of Employees - Technology Park Firms



Sheet3

		



Industry Groups - Technology Park Firms

Medical/
pharmaceutical
6%



		



Educational Profile of Employees - Technology Park Firms



		





		






