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Executive summary

The subject of this report is the skill formation practices, policies and needs of small to medium-sized firms that are
significant exporters and users of knowledge workers. Its purpose is to explore ways in which public policy can be
directed to lifting the skills-related constraints faced by these enterprises.

The main findings of the study, based on twelve case studies, are that many small, high-tech exporters may have reached
aplateau. Thereislittle evidence that the enterprises studied have made a successful transition from an ad hoc, craft
mode of product development to an organisational structure that is capable of further expansion and consolidation.

One aspect of the failure to implement new systems is the general absence of sophisticated human resource policies.
Thisis despite the widespread importance that these enterprises gaveto therole of R & D and highly qualified knowledge
workers.

The case studies show the key aspects of skill formation and several deficienciesin the skill formation practices of some
leading edge, high-tech exporters. These include a close link between R & D and the need to employ high level skills.
However, there is often a separation between high level skills required for the R & D work and the more standardised
skills needed in the manufacturing process.

Thereisalso an increasing importance given to linkages between the high-tech exporters and new, collective research and
training arrangements such as Cooperative Research Centres. There are signsthat learning networks are emerging from
these linkages.

Themagjor skillsformation strategy employed by small firms heavily reliant on knowledge workersisfinding and retaining
people with the right technical and socia skills. On-the-job learning and in-house skills development are the most
significant modes of skills acquisition once recruitment takes place.

The shortcomings identified by the case studies include the lack of attention paid to longer-term human resource
strategies beyond a concern with recruiting people with the "right skills'. The lack of a systematic approach to on-the;jdb
training is the most visible expression of the ad hoc, informal nature of the operational style of many of the enterprises
studied.

A major conclusion of the study is that Cooperative Research Centres, the new Cooperative Multimedia Centres and
industry associations such as the Technology Industries Exporters Group offer considerable potential to act as
independent brokers to foster better skill formation practices.

A major focus of askillsformation broker should be on lifting the quality of on-the-job learning. One means of doing this
is to arrange structured work placements for tertiary and post secondary students as part of their course. This would
provide the opportunity for employers to nominate mentors or workplace trainersto receive training in how to improve
existing training practices. Closer links to educational providers may also bring benefits to the enterprise in the form of
more appropriate training based on a better understanding of the needs of the workplace.

There isalso some evidence that intermediate or technician level skillsmay be under represented in the firms under study.
Establishing closer links between workplaces and students undertaking full-time courses at the Associate Diplomalevel
through structured work placements may help to lift the status and acceptance of intermediate skills.
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1 INTRODUCTION

A recent Y dlow Pages Smdl Business Survey of Smdl Business Growth Aspiraionsand theRole
of Exports found that while only 8 per cent of smdl business is experiencing high growth rates
(averaging 10 per cent in the last year), these firms accounted for 27 per cent of the gross
employment growth of established small businesses. These high growth businesses are dso
sgnificant exporters.

The McKinsey sudy of "Emerging Exporters’ for the Austraian Manufacturing Council in 1993
firdt highlighted the contribution made by some 700 smdl and medium sized enterprises to the
marked improvement since 1986/87 in Audrdids export of "eaboratey transformed
manufactures'. A further sudy by the LEK Partnership in 1995 entitled " Intelligent Exportsand
the Silent Revolution in Services' highlighted a 14 per cent growth in service exports between
1963 and 1993.

These studies have suggested a considerable potentid exigts for improving Audtrdids trade
performance and standard of living if the congtraints on these companies capacity to export are
eased. This study is a contribution to the debate on what are the gppropriate ways for public
policy to assst smdl and medium sized enterprisesto lift their export performance.

The McKinsey Report gave particular emphasisto the constraint imposed by the lack of suitable
employee and management skills. A particular problem the report identified was the need for the
successful exporters to make the trangtion from being asmal, privately run outfit to become " a
medium-sized, professonaly managed unit, incorporating dl the systems and operationd
capabilities of modern enterprises’ (Mc Kinsey & Co 1993:52).

Thereis evidence that skill shortages are likely to limit the growth of leading edge manufacturing
exporters. A 1991 ABS survey of manufacturing firms using advanced technology reported that
30 per cent of establishments were having difficulty getting staff with the required skill for the
normal operation, maintenance or programming associated with the technology (ABS 1991:27).
2. THE PROJECT BRIEF

Thefollowing study of skill formation in smal, leading edge enterprises was commissioned by the
Dussddorp Skills Forum. The project brief wasto use case sudy methodology to investigate and
report on the skill formation methods used in two types of firms:

smdl to medium sized, leading edge manufacturing firms that have captured sgnificant export
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markets and

amadl to medium sze firmsthat need to employ significant numbers of knowledgeworkers. Examples
include software design and manufacture, persona computer network support, desk top publishing,
database management, media production, and graphic design and printing.

It was recommended that the McKinsey study of Emerging Exportersand Peter Robert'scolumnsinthe Audraian
Financia Review be used as sourcesto identify "thetypesof firmsat or striving to reach nationd and internationd
best practice...”. The consultant wasaso asked to identify waysin which the skill formation processes used by the
enterprises sudied might be helped through public policy or other initiatives.

The specific issues to be reported on are to include the following:

?

what are the mix of qudifications and qudification levels within the enterprise?

To what extent to which the externd labour market is relied upon rather than internd skill formation
srategies?

If externd |abour markets are used to obtain necessary sKills, the extent to which forma qudifications, in-
firm development and training in other enterprises and varied employment experience have combined in
developing the skills of the individuas recruited to key production positions.

Some comment on the extent to which the resulting skill levels and mixes gppear to have resulted from
chance rather than planned career development could aso be made.

If internal training and devel opment strategies are used by the enterprise, the nature of these strategies, and
the balance within them between in-firm formd training, informa ontthe-job learning, job and task rotation,
and external courses. Comment could aso be made on the extent to which strategies are planned rather
than driven by need and circumstance.

Whereexternd training providersare used, the types of provider used and the factorsleading to the choice
of particular providers.

The demend for "multi-killing" and the extent to which exigting nationd competency sandardsarerdevant
to the particular skill mixes demanded by the firm.

The extent to which key competencies are essentid to the firms quaity and competition strategies.

The extent to which access to the most recent internationa developments forms part of the firms skill
formation and competitive strategies, and the ways in which this accessis obtained.
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? The relationship between research and development, product desgn and in-plant innovation, and in
particular the role of non-degree qualified workers in innovation, product development and design.

? The relationship between theoretica knowledge and practica skillsrequired in both degree-qudified and
non degree-qudified workers.

? The extent to which youth (those under the age of 25) are employed, developed and trained by the
enterprise, the reasons why if they are not, and the extent to which they are seen as a competitive
advantage or disadvantage.

3. CASE STUDY SELECTION

The following sources were consulted to identify suitable enterprises to gpproach: McKinsey study of Emerging
Exporters, Austrade, Victorian Department of Businessand Employment, Federd Department of Industry, Science
and Technology; Meta Trades Industry Association and Roberts Reports, from the Austrdian Financia Review,

1989-1994.

After aprdiminary identification of thirty-five companies, it was decided to focusin on enterprisesin Mebourneas
this was the location of two-thirds of the companiesidentified. Further names of enterprisesin Mebourne were
added as information became available from the above sources.

Intotal, some thirty companieswere sent letters and nine accepted the invitation to participate in the sudy. These
nine companies who responded are;

?

Farley Cutting Systems Audtrdia Pty Ltd;
Lochard Environmental Systems Pty Ltd;
GBC Scientific Equipment Pty Ltd;
Beam Software Pty Ltd;

|[El Audrdia Pty Ltd;

Moldflow Pty Ltd:;

Merino Gold Pty Ltd;

ANA Software;

Stuart Pettigrew Design Pty Ltd
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Two of the case gudiesare only partially complete as the questionnaire was not returned for ANA Software and
theinformation for Stuart Pettigrew Design was only based on aquestionnaireresponse. In addition, another three
case studies of emerging exporters have beenincluded from an earlier sudy. These case studieswere carried out
by Mariana Brkich under the supervision of the author in August- September 1993 and covered asimilar range of
guestions. For reasons to do with an undertaking given at the time, their identities have been kept confidentia.

4. METHODOLOGY

Enterprises were sent a questionnaire in advance. The questionnaire sought background information on the
enterprise: mgor products; vison or mission statement; numbers employed; job categories; age profile; assessment
of overal company performance; annud turnover in sdlesand proportion of sdesexported. Information wasaso
sought on future expectations about saes over the next five years compared with sales growth over the past five
years, number of yearsin existence a the time of first Sgnificant export; main source of competitive advantage in
exporting; and what are the congraints faced by the firm in achieving export growth over the next five years.

Specific questions about training arrangementsincluded: existence of apersonnd policy and if so, what isspecid or
different about it; relationship of the personnd policy to acompany plan; importance of the skill of an employeein
determining pay; other factors used to determine pay; skill formation Strategies used; existence of atraining plan;
proportion of payroll spent on training and trend over the last three years. Information was aso sought on skill
shortages experienced, use of externa trainers and why choose a particular one; use of national and key
competency standards; the extent to which youth are employed, developed and trained; and participation in
industry-wide training inititives. The three case studies conducted in 1993 aso included questions on how
companies adjust the labour input in response to a change in demand.

Themain form of data collection consasted of an interview for between one and ahaf and two hourswith asenior
management person. Titles of the persons interviewed were: one Chairman, five Managing Directors, two
Corporate Affairs Managers, one Internationd Marketing Manager and one Personnel Manager.

5. CASE STUDIES PROFILE

Tables 1 presents a profile of the enterprises chosen for study. Their key features are outlined below:

. al of the enterprises were founded in the last 25 years, with haf only existing since 1980

. al enterprises sudied have passed beyond the start-up phase with its heavy reliance on the founding
entrepreneur to a stage where usually they are seeking to consolidate their early rapid growth

. the size of the firms varies from four to 176 employees with most between fifty and 120 employees

. the indudtries in which the enterprises are located vary from metd and plastics manufacturing, textilesto



Curtain Consulting

graphic design and publishing

. the range of products vary from computer and graphic design services to machine tools, scientific
instruments and early warning fire detection equipment, software programs, ultrafine wool garments and
multimedia games

. the focus of mogt exporters is on serving a smal number of customers in niche markets. Only the

multimedia and related products are produced for a mass market

. al except the smdlest firm are involved in exporting with the proportion of sales varying from sixty to 98
per cent for al but one exporter dl the enterpriseswhich are exportersfit the McKinsey study definition of
exportersthat areborn globd. Thisrefersto thefact that the firms have sarted exporting very early inther
life and they export most of their sdes. Most of thefirmsthat are exporting did so within thefirst fiveyears

of start up.

TABLE 1. PROFILE OF CASE STUDIES

Company Sze Industry Products % Born Global
and Year Exported
Started
Farley 65 Machine tool design CNC Profile Cotler 70 Yes
1983 and manufacture CNC Controllers
Applications software

Lochard 1990 54 Software development Airport noise and flight track 95 Yes

& equipment monitoring equipment

manufacture
GBC 1978 176 Design and Spectrometers 90 Yes

manufacture of

scientific instruments
Beam 1980 60 Multimedia software Interactive multimedia games 95 Yes

development
IEl 120 Fire Protection VESDA very early smoke 76 Yes
1970 apparatus. design and detection apparatus

manufacture
Moldflow 120 Software for the Software for plastics 98 Yes
1978 Plastics Industry manufacture
Merino Gold 15 Texiles and clothing Soft woollen knitwear. ? Yes
1989 woollen suiting fabric

11 Computer software reverse engineering ? Yes
ANA 1989 client saver systems.
4 Graphic Design publication design None No

Stuart visual identity design
Pettigrew packaging design
Design
Induction 94 Meta manufacturing induction heating system 70 Yes
Hesting resistance welding machines
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Systems 1973

Travel Guide 76 Book Publishing Travel Guides 85 Yes

Publisher

1984

Thermal 52 Printing Industry Thermal coated paper products 60 Yes

Paper

Products

Manu-facturer

1978

TABLE 22 WORKFORCE PROFILE

Company % % % % %

and Year Trades Para Prof Professional/ R& D Labour

Started Technician Manage (with (prop of sales) Turnover

Professionals
in brackets)

Farley 29 14 | 39 (26) 10-12 15

1983

Lochard 1990 - 7 87 (74) 28-30 7

GBC 1978 19 8 23 (16) 15 Low historically
but recently
increased for
offtware
engineers

Beam 1980 - - 97 (75) 40 10

IEl 3 3 13(7) 5 low 1%

1970

Moldflow 3* 5* 72 (67) * 20 20

1978

Merino Gold 53 - 20 (0) Assistance from -

1989 CSIRO

- - 100 (80) Substantial Medium
ANA 1989
- 100 (75) - Low

Stuart

Pettigrew

Design

Induction high prop. in 2/3 of Technica, 1/3 of Technical staff R & D effort Very low

Hesting manu-facturing Engineering & h ave degrees. considered

Systems 1973 | havetrade Service Staff are critical.

background. technicians.

Travel Guide - 48 52 (33) - ?

Publisher

1984

Thermal Company places
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Paper 17 10 8(4) heavy emphasis Very low
Products on R & D of new
Manu-facturer products.

1978

* Refers to headquarters facility only.

Table 2 presentsinformation on the workforce profile of and significance of R& D to the companies studied. The
key points are:

. intermsof the skillsprofile of the enterprises Sudied, trades- qudified and technician-levd workers
are only ggnificant in asmal number of cases

. moreimportant are knowledge workerswith tertiary qualifications. The proportion of manageria
& professona workers varies from 8 per cent to 100 per cent. Within this group, professionas
represent from 4 to 75 per cent of the workforce. Typicdly, engineers are the mgor group of
professonals

. the high proportion of tertiary qudified workersin most of the firms reflects the strong emphasis
given to research and development. The proportion of sdes spent on R & D for the six firmsfor
which information is available varies from 5 to 40 per cent.

. linkages between firms and research bodies haveimproved recently for severa enterprisesthrough
the establishment of Cooperative Research Centres and closer ties to other research facilities

A doser look a the mgor activities and technologies of the firms studied suggests agrouping of enterprisesinto
ather high-tech or medium levd technology. The high-tech enterprises are so defined because of their focus on
sophigticated and complex value-added products. In seven cases, the high vaue-added activity is software
development (Farley Cutting Systems, Lochard Environmental systems, GBC Scientific Equipment, Beam
Software, |El, ANA Software and Moldflow). All these enterprises use leading-edgetechnol ogy to placethem at
the forefront of their competitorsin world markets. In six cases, thesefirmsare serving niche marketswith only a
smal number of significant competitors. Only Beam Software with itsfocus on interactive multi mediaproductsis
aming a amass market. All these high-tech firms are sgnificant exporters except one (ANA Software).

Medium-level technology is the basis of production in three cases. Merino Gold, Travel Guide Publisher and
Thermal Paper Products. The products of these firms can compete well on overseas markets but there are
sgnificant competitors. The characterigtics of high-tech companies compared with moretraditiona enterprisesare
shown in the table below.

10
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TABLES3: FEATURESDISTINGUISHING HIGH TECHNOLOGY FROM TRADITIONAL FIRMS

Dimensons High Technology Traditional
Product Cuitting edge of technology Wil established
Industry Electronics'computers/chemica Mfg./servicesmisc.
Rate of innovation High Low
R & D expenditures High Low
R & D employees High proportion Low percentage
R & D employee dtrition High
Hrmsgze Smdler Larger
Mortality rate Higher Lower
Rate of growth Higher Lower
Profits Higher but varigble Lower but stable
Geographic concentration High Low
Organisationd life cycle Start-up/growth Mature/decline
Product life cycle Three years Eight years

Source: Gomez - Mgia and Welbourne 1990: 256

The case sudiesin the following analyss have therefore been grouped according to their level of technology and

export performance.

? Seven enterprises can be identified as high-tech, sgnificant exporters with an extensve reliance on tertiary
qualified, knowledge workers. These are: Farley Cutting Systems, Lochard Environmental Systems, |EI
Audrdia, GBC Scientific Equipment, Moldflow, Beam Software and Induction Heating Systems.

? Another group of three enterprises use medium level technology and knowledge workersto achieve significant
export performance. These enterprises are: Therma Paper Products, Travel Guide Publisher and Merino

Gold.

? A third group of two case sudiesillugtrate the use of knowledge workers predominantly within the domestic
market (ANA Software, Stuart Pettigrew Design).

Much of the following anadlyss concentrates on six high-tech exporters. Farley Cutting Systems, Lochard

Environmenta Systems, 1EI, GBC Scientific Equipment, Moldflow and BEAM Software. Thisis because they
meet the project brief's specification of being both smal to medium sized, leading-edge manufacturing firms thet

11
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have captured significant export markets and employers of sgnificant numbers of knowledge workers.  These
enterprises dso have a range of characterigtics in common. They, therefore, offer vauable ingghts into the
problems and congraints faced by smdll, innovative companies experiencing rapid growth.

6. FINDINGS

Tables4 and 5 summarise some of the mgjor points about the skill formation processes and Strategies pursued by
the enterprises studied.

* Importance of capacity to innovate: serving niche marketsrequires meeting the current and potentia needs
of cusomers by maintaining ahigh level cgpacity to innovate

* Importance of R & D: asgnificant festure of high-tech exportersistherole played by R & D to maintain a
high capacity to innovate (see Table 2)

* Importance of kills: the strong emphasison R & D has direct effect on skill formation requirements at the
professona leve (see Table 4).

The strong emphasis on leading-edge expertise means that the up-to-date skills life cycle of a wdl-qudified
knowledge worker isshort. For software engineers, for example, thismight be threeto five yearsonly. Three of
the high-tech exportersreferred to the need to replace R & D workerswith outdated skills.  The need to recruit
high cost expertiseextensvey intheinitia growth phase of ahigh-tech start up creates an early dependenceonthe
externa labour market for this expertise.

The high+tech exportersidentify as important congtraints to achieving export growth over the next five years the
lack of employee and management skills after the problems of increasing competition, lack of finance, high service
demands and product regulations. Thisfinding issimilar to the results of asurvey of 310 smdl and medium-sized
exporters conducted in August 1992 by McKinsey and Company where lack of management skills was dso
identified as a Sgnificant congtraint to exporting (McKinsey & Co 1993: 52).

. Forma qudificationsand training in other enterprises are seen asthe most important backgrounds
of employeesrecruited to key production postions. Thisbackground isoften supplemented by in-
house formd training (see Table 4). This suggests astrong reliance on the externa labour market
for killsin demand

. Labour turnover varies from the very low (1 per cent) to ahigh of 20 per cent. Itisconsdered a
problem for five of the enterprises studied (see Table 2).

. SKill shortages are dso a problem for a leadt five high-tech exporters (see Table 5)

12
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Table 4. relative importance of different skill formation arrangements

Importance of skill Background of key Types of * Use of industry
Compmy in deciding pay for prod employees training competencies
each occupation (5 = very important) (5=very » key competences
(5 = very important) important) (5=vey
 forma quas important)
 Plant operators * in-firm devel e formd in-
« clerks, sdes * training in other house
« trade persons enterprises e informal on-
* para professionas e varied employ the-job learning
. experience ¢ job and task
professional/manage rotation
ment * externa
Farley ? 2 4 3 4
Cutting Systems ? 3 2 5 5
? 5 5 2
? 4 3 2
? 5
Lochard ? - 4 4 2
Environment ? 5 4 4 -
Systems ? - 4 3
? 5 3 3
? 5
GBC Scientific ? 5 + 5 5 1
Equipment ? 4 4 1
? 5 ° 2
? 4 i 1
2 4 5
Beam Software ? - 4 2 1
? 4 3 5 1
? - 4 1
? - 3 1
? 5
IEl (Austraia) ? 4 3 4 4
? 4 4 3 4
? - 2 4
? 3 3 3
? 4
Moldflow ? - 4 4 1
? - 2 2 5
? - 3 3
? 5 3 3
? 5
Merino Gold ? 5 3 2 1
? 5 5 5 5
? 5 4 4
? - 3 4
? 5
Stuart Pettigrew ? - ? 3 ? 2 2
Design ? - ? 4 ? 5 -
? - ? 4 ? 4
? 4 ? 5 ? 2
? 4

+ Software Engineers Only

13
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. there is some evidence of an over-reliance on tertiary qualified workers at the expense of more
appropriate and lower-cod, technicianlevel workers. This appeared to be the Stuation
particularly in the case of engineers

. the work of trades-qudified and technician-level workersin some casesis separate from and not
integrated with the work of the higher-level knowledge workersin R & D activities

. TAFE isused to providetraining for five of the case sudies. Commercid providersare dso used
by seven of the enterprises. No enterprise has a close working relationship with any externa
trainer including TAFE.

. Evidence of collective training arrangements beyond the enterprise is emerging through the new
human resources group within the Technology Industries Exporters Group (TIEG), the student
work placement activities of the Fire Protection Industry Association and the focuson "mentoring
arrangements' for training purposes as a function of the proposed Cooperative Multimedia
Centres.

. sgnificance of industry and key competencies. nationd competency standards are only seen as
relevant to the particular skill mixes of two enterprises. On the other hand, key competenciesare
identified as important for the quaity and competitive Strategies of four of the eight enterprises
asked this question (Table 4)

. sarvices asociated with ingtaling and maintaining a product are often seen by customersin niche
markets as just as important as the product itself. Workers with technica skills are increasingly
required to exercise socid skills in responding to the needs of customers. These latter skillsin
particular are seen as requiring in-house development.

. kill formation strategies: the age and qudifications structure of the workforce in each company
makesit clear that these enterprisesare atypica of manufacturing industry in generd. Asthereare
relatively few trades-qualified workers and a high proportion of tertiary qualified workers, there
are few opportunities for entry level workers in the form of secondary school leavers as
gpprentices or trainees. The most common entry level age group is 20 to 24 years (see Table 1).

14
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TABLE 5. SKILL FORMATION ARRANGEMENTS

Personnel Policy in Training plan? Skill shortages Studentsin Youth
place and whether /proportion spent on work Focus
related to company Training placement *
plan
Farley No/No No/ 3% * NC Machinists Yes 4
Cutting Systems » Machine tool fitters 5
* service technicians 5
Lochard YesdYes Y es/ approx 10% No Yes 4
Environment 4
Systems 4
GBC Scientific No/No No/ 2% * software engineers Yes 2
Equipment Developed but not « fabrication trades 2
yet implemented 2
Beam Software No/No No/ 5% * Windows Yes 5
programmers 5
« graphic artists 5
IEl (Austrdia) No/No No/ ? 1% No Yes 2
3
3
Moldflow No/No No/ 3% * Polymer Scientist Yes 4
* Stress analysts 4
3
Merino Gold YesYes Yed ? * Linkers No 2
* Knitwear machinists 3
« dyeing skills 3
e mgmt skills
ANA Software No ? No
Stuart Pettigrew No/No No/ ? No No
Design
Induction Heating YesdYes Yed ? n/a
System
Travel Guide No/No No/ ? n/a
Publisher
Thermal Paper Yes/No No/ n/a
Products

« youth employed by the enterprise
« youth developed by the enterprise
youth trained by the enterprise

. the most important means of imparting skills within the enterprise are seen as on-the-job learning
andin-houseforma training. Lessimportant arejob/task rotation and externd courses (see Table
4). Nonetheless, the on-the-job training is not systematic. There is no evidence of employees
acting as mentors and recelving forma training to enable them to find the mogt effective way of
imparting on-the-job learning.
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. Although in dl cases, skill is regarded asimportant in deciding how employees are paid, thereis
often alack of an explicit human resource strategy or systems such astraining plans, successon
planning and the introduction of team work (see Table 5). The proportion of payroll spent on
training is not high for most high tech exporters. The notable exception is Lochard Environment
Systemswith 10 per cent of payroll expenditure on training (see Table 5).

. However, attention is often given to recruitment procedures, induction training and performance
reviews Thelatter initiativesindicate the existence of askill supply strategy but usudly without the
backing from amore extensive set of policies

. forma or informa work placements for tertiary students have been used by six firms as part of
their skill supply strategy (see Table 5).

. Y outh Focus? Many enterprises are favourably digposed to employing, developing and training
young workers dthough thisisin al cases not an explicit policy (see Table 5). Asnoted above,
this preference usualy takes the form of work placements for tertiary students on a formd or
informal bads. In some cases it involves the employment of gpprentices.

7. ANALYSIS

The following section examines in greater detail four aspects of the nature of the enterprises sudied. The firgt
aspect describes the growth stages of new high-tech start-ups and assesses to what extent firms have made a
successful trangition through the various phases identified. The second aspect of the case studies given greeter
attention is an examination of their production mode and the consequences for the type of skillsrequired. The
third facet of the case studies probed in greater depth is the Significance of the emergence of learning networks
based on collaborative arrangements between enterprises, industry associationsand publicly funded agencies. The
fina dimension explored isthe nature of the skill formation strategies employed by the case sudies, with particular
attention given to the high-tech exporters

7.1 Stages of growth
The background information on each enterprise offers the opportunity to distinguish the different stages of
development reached.  An English sudy hasidentified Sx stagesin the growth of small and medium-sized, high-
tech companies (Dodgson and Rothwell 1989). Different stages of a firm's evolution can help to illustrate how
different sets of management and operational skills are required. The stages or phases do not represent a dtrict
chronologica path; they may run concurrently. Nevertheless, each stageis seen as marking acriticd thresholdin
the development of acompany. Thetrangtiona stagesidentified by the sudy are:

? Start up

? Technologica and scientific consolidation.
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? Internationalisation of markets.

? Professondisation of managemen.

? Verticd integration

? Product and business diversfication (Dodgson and Rothwell 1989: 150).
Stage one: Start-up

A common pattern discernible from the case studiesis for an individua or smal group of people to take up the
chdlenge of developing and making a product based on new technology. This Start-up stage aso requires
entrepreneuria skillsto attract capitd investment to underwrite the initial period of product development until a
position in the market is established.  In four cases (Farley Cutting Systems, IEI, GBC Scientific Equipment and
Moldflow), an engineer (or engineers in GBC's case) invented, developed or saw the potentid of a particular
process (plasma cutting system, smoke detection agpparatus, atomic absorption spectrophotometer and computer-
alded engineering) and took on the role of entrepreneur to turn the new process into acommercia product.

The other companies (Beam Software, ANA Software, Travel Guide Publisher) started with aconcept or service
and turned it into a product that could be marketed widdly (interactive computer games, software to update
mainframe computer systems, and travel guides). In two cases, not classified as high-tech, (Induction Heating
Systems and Therma Paper Products), the technology was aready established and technology transfer and/or
interna devel opment have been used to expand the product range.

Stage Two: Technological/Scientific Consolidation

Having established a company, a crucid early but continuing phase for the founder(s) is to consolidate its
technologica/scientific capability as the base on which al other activity depends. To develop leading-edge
technology, the new enterprise has to bring together people with the requisite expertise and to work together to
master levels of knowledge often nonexistent €l sewhere (Dodgson and Rothwell 1989).

Working, marketable prototypes need to be devel oped from untested concepts or prototypes produced under
laboratory conditionswith littleregard to cost. Thisrequiresconsiderable scientific and technol ogica expertisethet
soon outstretches the resources of the company's founder or founders and the small group of knowledge workers
he hasbeen ableto gather. Anearly priority for the start- up high-tech company isto ensure that the requisite skills
are avalable in-house or can be obtained and assmilated from externd sources (Dodgson and Rothwell
1989:150).

Theinitid impetusfor the high-tech company comesfrom R & D and thisfocus continuesto have astrong influence
on what sorts of personnel recruited to thefledgling organisation. A characteristic of most of the high-tech start up
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case studiesis their rapid employee growth (Farley, Lochard, GBC, Beam, IEI and Moldflow). Thiscreatesa
heavy reliance on the externd labour market to find the skills that are needed because there is insufficient time
available to cultivate interndly the expertise required.

Lochard Environmentd Systems has experienced the most rapid growth from start-up in 1990. Between June
1992, employee numbers increased from ten to fifty-four inearly 1995. Farley Cutting Systems has grown from
three to sixty-five people over atwelve-year period. GBC Scientific Equipment has grown from only nine people
in 1983t0 165in 1995. Beam has grown from thirty-five employeesin 1989 to seventy in 1993 but in early 1995
had settled a sixty employees. Travel Guide Publisher had grown from forty staff in 1989 to sixty staff in 1993.
Periods of rapid staff growth do not necessarily take place immediately after start up. They may beaconsequence
of the development of anew technology/product line or expansion into overseas markets (eg. Beam Software).

For mogt high-tech firms, however, the immediate need to recruit gppropriate expertise isthe firs mgor human
resource issue faced. Other data on high-tech firms in the United States suggest that recruitment of the best
avalabletdent in the early stages of acompany'slife cycleiscritica (Kochan and Chdykoff 1987). Smdl dart-
up, high-tech firms need to recruit aggressively on the externa labour market for technica expertise. Theability to
get anew product to market quickly becomes a criticd survivd issue. The costs of employing the appropriate
expertise are given alow priority. Becausetiming is crucid, new firms recruit externdly rather than develop the
needed expertiseinterndly by investing in training to upgrade the skills of exigting employees (K ochan & Chaykoff
1987:192). This strategy, however, has consequences for enterprises at alater stage of their development.

Stage Three: Export success

Mogt of the firms studied were selected from a population of smdl to medium-gzed firms that are Sgnificant
exporters. Nevertheless, it isimportant to note that these firms are not only exporting at least two-thirds of their
product (commonly it is over 90 percent) but that typicaly this was their orientation from their beginning. The
limited nature of the Audtrdian market meansthat high-tech companiesfrom the beginning need to export oversess.
These companies have been characterised by the McKinsey Report on Emerging Exporters as "born globd."

The demands of marketing overseas have involved greetly increased codts for the new companies. Overseas
marketing often requires establishing offices staffed by @mpany employees (Farley, Lochard, GBC, IEI,
Moldflow, Induction Heeting Systems, and Travel Guide Publisher). The ability to recruit suitable marketing
managers can be amgjor constraint on company growth (Dodgson and Rothwell 1989:151).

Stage Four: the professionalisation of management

A mgor trangtion for asmdl to medium sized, Sart-up company istheimplementation of middieleved sysemsto
ensure Sability. Thisismost often expressed as a change in management from the owner/founder to control by a
professona manager as chief executive. In other ingtances, it takes the form of setting up new management
systems under the continuing control of the founder(s).

Thefoundersof high-tech start- ups obvioudy possess significant scientific and technicd skillsoften combined with
entrepreneurid ambition and flair. However, these attributes do not necessarily make them aways the best
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equipped to handle the formal aspects of management. These aspectsinclude creeting appropriatefinancia control
and reporting systems, personnd management and creating effective organisationd structures by more delegation of
respongibility (Dodgson and Rothwell 1989:151). Thistransition from founder to professona CEO wasevidentin
the cases of Beam Software, |EI, Moldflow and Merino Gold. In other cases, new systems were being
implemented under the direction of the company founder or founders (Farley Cutting Systems, GBC Scientific
Equipment, Lochard Environmenta Systems).

Moldflow's case is a good example of this phase. The new Chief Executive with professond qudificationsin
management was gppointed some nine years after the company wasfounded. Morerecently the founder hassold
out to a private investment syndicate that includes the CEO and two other senior executives. With these changes
has gone the formation of seven drategic business units that operate independently with their own clearly defined
objectives and strategies.

From a skill formation Strategy perspective, it is this trangtion that is crucid to developing a medium-term
perspective on how to meet future skill needs. The falure to shift focus from the early post start-up concerns of
building up a pool of internal resources despite costs can result in significant cost overheads. Frequently, a
continuing heavy reliance by the now established enterprise on the externa labour market isno longer gppropriate
or beneficid. Difficulty in making this trangtion to interna systems of kills formation was facing many high-tech
exporters. eg. Farley, Lochard, GBC, Beam and Moldflow. In al cases, the trangtion to a more systematic,
planned approach to human resources development has been nonexistent or, at best, only partid.

Stage Five: Vertical Integration

This stage can take the form of ether taking on a manufacturing function or incorporating other company's
proprietary productsto form systems. In the former case, high-tech start ups such as Farley, Lochard, GBC and
|El have extended their product design and development work to include the manufacturing function. Inthelatter
case, Moldflow and Beam Software in particular have both incorporated other proprietary products or processes
to offer more comprehensive systems.

Stage Six: Product and Business diver sification

All the firms studied had or were seeking to diversfy their product range. For Beam, thisinvolved going beyond
producing interactive multi media games to the development of “infotainment™ products for Japanese schools.
Farley hasdevel oped six productswith further customisation of each product to the particular needs of acustomer.
GBC Scientific Equipment has extended its product range through the in-house development of
spectrophotometers and the acquisition of another company that produced emisson spectrometers. |El has
extended its product range to include programmable, micro processor - based early warning smoke detectors.
Smilarly, Lochard isdevel oping amore advanced monitoring system aswel |l as offering extensve cusomisationto
mest the requirements of each user. Moldflow hasdiversified its operationsto include materid testing, research for
customers, the development of technology to set-up, monitor and control injection moulding machines and
consulting work. Therma Paper Products is moving to sl its patented technology as a " product range.”
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7.2 Production mode and skill requirements

The mgor focus of higher value-added activity for the Six high-tech case studiesis software development. The
manufacturing activity of four of the Sx high-tech case Sudies is additiona to the main source of competitive
advantage which is the design and development of software systems. In fact, the term "systems' gppearsin the
names of two of the companies (Farley Cutting Systems and Lochard Envirormenta Systems).

The product development strategy pursued of these high-tech exportersisonetypified as"craft-oriented.” Their
operations can be categorised as "craft-oriented job shops” This involves operating within a smdl, loosdy
structured environment with highly skilled employeesto tailor productsto customer specification or to make abest-
sdler dedgn. The characteridics of craft- oriented job shops compared with factory-oriented and
product/application approachesto software devel opment have beenidentified by Cusumanoin hisstudy of Jgoan's
Software Factories (1991). These characterigticsare shown in Attachment 1. The craft-oriented gpproach hasthe
following key festures.

? afocus on customising products or processesfor individua products and attaining high premiums
for thisservice.

?  emphadsison process flexibility for customer requirements
? project-based R & D

?  dependence on highly skilled workers

? minimd reliance on process standardisation

?  computer-aided tools are individua or project oriented

?  emphasison customised products and customer service.

?  cugomer requirements together with product and process flexibility are given precedence over
process efficency.

?  little Srategic management or integration beyond projects
?  few economies of scale or scope
?  best suited to medium-sized, innovative custom projects.

In contrast, the factory devel opment approach relies on more standardised worker skillsand incrementa product
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improvement. Thisapproach makes extensive use of qudity control processes and high level dtrategic integration
and management to run large scale, complex but routine projects. The product or application-oriented projects
approach, on the other hand, aims to mass produce and s&ll |ow- price commodity products. Thisapproach uses
highly skilled designersto focus on devel oping innovative productsfor abroad market. Thereislittleemphasison
process efficiency or incrementa improvement (Cusumano 1991:30).

Thecraft- oriented gpproach isoften strongly reinforced by the attitudes highly skilled knowledge workerswho are
S0 essentid to thistype of product development. Programmers, software engineers, computer scientistssand ther
managers usudly prefer minima controls to promote the free exchange of information and individua credtivity.
Some organisationa theorists have attributed this workforce resstance to the imposition of a standardised et of
work methodsto the sheer complexity and gill-evolving nature of the technology used in the software devel opment
industry (Cusumano 1991:33).

This anadlys's suggests that where the environment and technology are both dynamic and complex, the most
appropriate response is ad hoc, project-based, organisationd structures and congtant mutual adjustments. The
result is job-shop or craft modes of operation rather than conventiona factories based on sandardisation. The
latter, it is claimed, appear better suited to more stable industries and Smpler tasks.

A job-shop or craft process, characterised by the ability to adjust easily to change or customer variations, would
then appear more appropriate for a complex, unstandardised technology such as software, especially since
producers make unique products or customise for individua users (Cusumano 1991:36).

The different types of organisationa response to different technologies are shown in the table below.

Table4 : Organisationa Structure and Technology

Structure Technology Tasks & Problems Characteristics
Machine Routine, mass Few exceptions, well Standar dised and de-skilled
bureaucracy production defined work, centralisation, internal

divisonsof labour, high
formalisation of rulesand

procedures

Professional Engineering Many exceptions, Standardised and specialised

bureaucracy well defined skills, decentralisation, low
formalisation

Adhocracy Non routine Many exceptions, ill Specialised skillsbut few or no

-defined organisation standards,

decentr alisation low
formalisation
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Simple structure Unit or craft Few exceptions, Few standar dised specialised
ill-defined skills, centralised authority but
low formalisation

Source: Cusumano 1991:40

Machine bureaucracies are based on standardised tasks, utiliselow levd skillsand are organised into functiond
departments answering to acentralised authority. High levelsof mechanisation or automeation and forma divisons
of labour are a'so characteristics. Machine bureaucracies operate in stable environmentsand focuson rdatively
ampletasks. This classfication applies particularly to factories usng mass production techniques.

Professional bureaucracies, on the other hand, use standardised but specialised skills, procedures and toolsto
control the work process in contrast to a conventiond administrative structure.  The environment in which
professonal bureaucracies operate is a stable one but the tasks are complex. Examples are engineering
consultancies, univergities and hospitds.

Adhocracy refers to a team or teams of specidists relying on temporary or project-based structures and
procedures. The environment they operatein isadynamic oneand the characterigtics of the tasksthey perform are
complex.

In contrast, asimple structureis characterised by little or no formal procedures or processes, and decision making
isdone by one person or asmdl group. The environment is dynamic but the tasks performed are comparatively
ample. Examples are high-tech firms in their start up phase or smal software producers as in the multi media
industry focusing on one or two aspects of the production process. As these smple organisations, projects or
production groupings grow in Sze, more e aborate structures and controls become essential to operate efficiently.
Itisnecessary, however, to find aba ance between informality and formdity to avoid negative results (Cusumano
1991:36-41).

The high-tech case sudies (Farley Cutting Systems, Lochard Environmental Systems, 1EI, GBC Scientific
Equipment, Mol dflow and BEAM Software) have started with and, to agreat extent, continueto operatewith craft
technologies and ad hoc organisationd structures. Although each enterprise has gone on to develop its own
products, there is a strong emphasis on customising each product to meet the particular needs of an individud
customer. Farley Cutting Systems does not build any two machine tools dike. Lochard Environmenta Systems
customises their monitoring and data andys's software to the requirements of each ingtalation.

GBC Scientific Equipment produces, besides their complex instrumentation, arange of accessories and software
to form "integrated systems of unparaleled accuracy” to meet the specific requirements of each customer.

Smilaly, | El'svery early warning smoke detection gpparatuses now aso include aprogrammable micro processor
and system management software to provide greater product flexibility. Moldflow is continudly upgrading its
software and increasing the range of servicesit offersits customers. Beam Softwareis making qualitative changes
to its product range to develop new interactive multi media games incorporating movie sequences. Induction
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Heseting Systems manufacture one- off and built-to-order systemsthat require asignificant amount of research and
development to ensure that they meet the customer's needs.

This emphasis on unigque designs and adaptability to customer requirements and functiondity resultsin aneed to
hire workers with high level expertise to design, develop and modify as required the products being marketed.
Even with the manufacturing process associated with many of the high tech exporters, thereisa demand for kills
that can operatein acraft-likefashion. Thismight entall theskill, for example, to program aCNC mill to copewith
smdl batch production as the case of Farley Cutting Systems showed.

The ad hoc and uncertain nature of this specidised work means that organisational structures do not need to be
large, nor are sophigticated systemsneeded. Neverthel ess, as products become more standardised, and thereisan
attempit to reduce costs and expand production, the S ze of the organisation grows. With agreater focusonamore
standard product development process, the need for many workers with high leve skillsisreduced. This new
stage brings with it the need for organisationd systemsthat can control and pace work in amore predictable and
methodical way.

Mogt of the high-tech case studies are in the process of making a trangition from ad hoc or project based
organisationd structuresthat have been driven strongly by the concerns and needs of the expertsrecruited early in
thelife of the company. The next sageinvolves baancing customer needs and functiondity with production costs
and qudlity. It involves adopting management systems that increase Sability and reliability. These sygems are
particularly important in relation to the human resource issues of recruitment, skills upgrading and replacement of
employees with specidised skills. Cusumano shows how Japanese software factories have been ableto make a
successful trangtion from craft to factory modes of software production. This has been done by achieving "a
delicate but effective baance of process efficiency and flexihility in the production of unique and customised
software products’ (Cusumano 1991:19). How to control the escalaing costs of using a large number of
knowledge workers is amgor issue facing the high-tech exporters.  Continuing dependence on acraft mode of
operation congtrainsthe capacity of firmsusing advanced technol ogy to expand and to be ableto compete beyond
niche markets.

The enterprises with medium-leve technology (Therma Paper Products, Travel Guide Publisher, Merino Gold)
follow more closdy the machine bureaucracy model. The greeter attention given to the production of large-scae
quantities, usng more standardised processes is the ditinguishing festure of these enterprises. This gpproach to
production generates the need for skillswhich are more standardised to manage large, complex but more routine
projects. Theemphasisisto achieveincrementa improvement and less on maintaining awide cgpacity to problem
solve in an uncertain environment. There is an effort to balance process/organisationa efficiency with process
flexibility and individua creetivity (Cusumano 1991:30).

7.3 Emer gence of learning networks

Ready accessto apool of technical expertiseis said to be akey feature of the relative success of smdl, high-tech
start-upsin Cdifornias Silicon Valey compared with the closed internd [abour markets of thelarge computer firms
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on Boston's Route 128 (Saxenian 1994: 37). The locaised accumulation of technical knowledge enhanced the
viability of Slicon Vdley sart-upsand helped to reinforce ashared technica culture. Closeworking relationships
were devel oped between public education providers such as community collegesand universitiesto supply needed
skills and research capacity (Useem 1986, Saxenian 1994:66). The result for firmsin Silicon Vdley has been
"shifting patterns of competition and collaboration” to enable specidised producers "to learn collectively and to
adjust to one another's needs' ( Saxenian 1994.161).

The case studies showed evidence of the early emergence of smilar networks. This has taken the form of a
Cooperative Research Centre in Intdligent Manufacturing Systems and Technologies for two high-tech firms
(Farley Cutting Systemsand Moldflow). Therearedso other joint projectswith the CSIRO and bilaterd projects
with univergties, often involving the exchange of academic deff (Farley Cutting Systems, GBC Scientific
Equipment, IEI Australiaand Beam Software). Six Cooperative Multimedia Centres are to be established by the
Federd Government by June 1995 to provide a similar research and development capacity for that industry.

In other cases, the evidence of theimportance of learning networksincludestheformation of srategic alianceswith
larger enterprises or oversess research bodies. Lochard Environmenta Systems has close links with Semens
Nixdorf (Germany) and Thomson- CSF (France) aswell asworking closely with the Dutch Nationd Aeronautical
Laboratory. Lochard management expressed the view that joint venturesand consortiaare essentid tothe surviva
of smdl firmslike Lochard in the future. Thisis due to the large Sze of the market which means that the extent of
the intelligence required is beyond the resources of smal enterprises.

This growing recognition of the value of collaborative tiesis in contrast to the Situation some three to four years
previoudy. The McKinsey survey of Emerging Exportersin 1992 showed that only onein ten emerging exporters
had research connections to an outside research ingtitution such asthe CSIRO or auniversity (McKinssy & Co
1993:54).

74 SKill Formation in the high-tech case studies

How the six high-tech case study firms find and retain the skills they need can best be described as smple,
immediate and non-strategic. The skill formation process followed is a continuation of the approach used in the
early start up period. The prime concern has been to recruit the necessary skills, often without regard to cost or
the digtortive effect this may have on exigting pay levelswithin the firm. The externd labour market (ELM) has
been the most important source of skills. In addition, skills are enhanced on-the-job through in-house, forma
training or moreinformad learning. However, thistraining isnot planned or made availablein asystematic fashion.
It isusudly ad hoc and judtified by whether it meets an immediate operationa need.

The short life cycle of skillsfor knowledge workersreferred to in three of the case sudies (Farley, IEI and GBC)
may reflect afalureto provide opportunitiesfor professona and technica staff to take extended periods of leave
(asabbaticd) or shorter periods for further training.

Recruitment strategies
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Forma qudifications are used asthe garting point for selecting a new employeefromthe ELM. Thetwo options
are to engage a new graduate sraight from a tertiary inditution or to sdect someone with the required
qudifications, training and work experience. In both ingtances, thereis often cons derabl e attention paid to Heding
the "right” person to ensure that, besides their technical ability and experience, they have the appropriate socia
attributes to ""become part of the team."

The mechaniam for hiring new graduates is often through a period of vacation employmert while fill atertiary
sudent. Thispractice hasbeen followed by Farley, Beam Software, Moldflow, GBC, and Lochard. Thisstrategy
gives an opportunity for both parties to assess each other, without obligation.

There are d'so more forma work placement arrangements that have been utilised by some firms. Farley Cutting
Systems have had students under the Nationa Teaching Company Scheme. These have been generdly used on
engineering projects athough astudent was recently engaged on aproject to investigate marketing issues. BEAM
software used the Research in Industry Program to underwrite the cost of a Masters sudent working with the
company whilewriting athess. |El has been gpproached by itsindustry association to provide structured work
placements for students from the Diploma course in Fire Technology a Swinburne.

Animmediate benefit of thistria period of work isto maximisetheinitid fit between the skills and expectations of
the individua and the needs and working arrangements of the enterprise. However, this skill supply strategy of
focusing on best fit at entry point isoften not accompanied by forma policiesand practiceson training, job rotation
and mentoring. Theseare ds0 necessary to ensure that the skills of the new recruit are upgraded and expectations
of career advancement are being met.

New graduates can be an unreliable source of human resources if their expectations about sdlary advancement,
work variety and career prospectsare not met. Small enterprises of their nature may be unableto offer thesdary
increases or other career opportunitieswhich large enterprisescan. Theresponse of one small software devel oper
wasto seek information regularly from their employeesin theform of apersond development plan. Thiswasthen
used to work out the best response to the individua's expressed needs. Even so, it was not expected that an
employee will stay for more than three years.

Engineersin place of technicians

Evidence from some case studies (Farley, Lochard, Moldflow) suggests that the low cost of graduates, both in
relaive terms to other skilled labour within Austrdlia and on an international comparative bas's, could create an
incentive for employersto subgtitute more highly qualified workersfor lessqudified workers. Thegarting sdary of
asoftware engineer at $A 30,000 is consderably below the gtarting sdlary of $US40,000, common in the United
States in the early 1990's (GomezMgjia & Welbourne 1990). Beyond the high darting sdaries for new
graduatesinthe US, generous benefits are a so provided such asrelocation alowances, front-end paid vacations,
stling indlowances a time of hire, post graduate education tuition reimbursement and paralel promotion ladders
leeding to chdlenging and high status projects.
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Austraiaisnow regarded asalow-cost centrefor high-quality R & D (Roberts 1994: 751). Onekey factor inthe
low cost structure is the rdatively low wages for pecidists such as engineers. It has been estimated by one
multinationa operating an R & D facility in Audrdiathat product engineering and development cogtsin Audrdia
are about two-thirds of the cost of developing Smilar systemsin the US (Roberts 1994:751).

Giventheselower costs, employers may be conscioudy or unconscioudy employing engineering graduatesin place
of technicians. The advantagesof agreater useof professond staff may beahigher leve of flexibility in responding
to problems and versatility in how they are deployed. The onus, however, is on the employer to ensure that the
more highly qualified workersare utilised to full advantage. Problemsmay result, however, if they areto subditute
for technicians work becausethey only cost asmdl premiumextra. Thedifficulty with thisstrategy isthat tertiary
graduates may soon become frustrated with their job. If graduate engineers with high expectations, for example,
aregiven work that islimited in scope and with little opportunity for training, they arelikely to become dissatisfied
withtheir work roles. This, inturn, islikely tolead amoveto another employer offering better work prospectsand
kills enhancement opportunities.

Over reliance on tertiary-qudified, technicd expertise may dso build in high sdary cost sructures. Thiswould
result from employees with higher levd skills commanding higher saaries over time, resulting from internd
progression or externa salary pressures due to high levels of mohility. In one case study (IEI Audirdia), cost
pressures had caused the company to reducethesizeof itsR & D function from twenty to eight employeesand to
rely more on technician level skillsfor testing and validating equipment.

There is evidence of a subgtantid surplus of professond engineersin Audrdiain mos disciplines snce the mid
1980's (Halton 1992:18). It has been estimated that there are 2,500 professiona engineer migrantsarriving each
year againgt an estimated demand of between 140-570 per year (Birrdll, Hedly and Smith 1992, cited in Haton
1992:18).

Evidence of theready availability of overseas-born engineersisconfirmed by three of the case studies. Mogt of the
softwareengineersat Farley Cutting Systems, Lochard Environmenta Systemsand Mol dflow were born oversess
but were recruited domesticaly. A widerange of countriesisrepresented athough there was aconcentration of
Chinese-born engineersintwo companies. Only one company (GBC Scientific Equipment) reported difficultiesin
recruiting engineers but this was addressed by lifting sdary leves

Recruitment of well-qualified, experienced employees on the open market may aso have longer term detrimenta
resultsfor theemployer. Meeting the market price can be costly andislikdly to distort the basisfor paying existing
employees. Reliance on the ELM to recruit the right mix of skills needed may result in consderable ddlays in
finding theright person. Extensive use of the ELM aso meansthat the enterpriseis subject to poaching offersandis
required to make a counter offer if the employees kills are undervaued. This again is likdy to digort the
remuneration system.

The "hyper maohbility of high-tech labour” has been criticised by Floridaand Kenny (1990) intheir andysisof small
"break through" companies in the USA. The high turnover of high level expertiseis seen asdisupting R & D
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projects, making it difficult for enterprisesto develop indtitutiona memory based on the cumulative expertise and
knowledge of the workforce working together over an extended time. Thehigh turnover of skilled aff so mekes
it difficult for high+ tech enterprises to engage in long-term planning (Florida and Kenny 1990:92-95).

Inaddition, firmsarelikey to berductant toinvest in further opportunitiesfor skillsupgrading if thereisalikdihood
that employees may leave. A raiond, short-term response of management to under-invest in training may be
condemning that enterprise to astunted growth, particularly in the face of competition from Japanese enterprises
that operate on along-term cdculus of the benefits of investing in training.

Thehigh turnover of skilled workers canimpede an enterprises ability to innovate and stay ahead of itsrivals. The
absence of internd mechanismsfor retaining, enhancing and renewing skillscould crestean invisible barrier beyond
which new high-tech enterprises are unable to expand. Reliance on new graduates and high cost specidistswith
ther high levels of turnover may produce "niche companies” Thisrefersto samdl firms that are unable to grow
into larger enterprises with stable, integrated high-technology capabilities. It is argued, based on the Japanese
enterprise modd, that only larger enterprises are able to sustain long-term R & D efforts or to follow through on
innovations (Floridaand Kenny 1990-97).

8. RESPONSE

The kill formation requirements of the high-tech case studies are shaped by their focuson R & D. Itisthestrong
emphasson R & D a the gstart-up stage that causes the new company to recruit high level expertise.  The
importance of R & D to the high-tech exporter is shown by the devel opment of close linkagesto research bodies.

Establishing closer links between resear ch/education ingtitutions and the wor kplace

Given the close connection between R & D and the need for leading-edge skills, these linkages suggest va ugble
avenuesfor providing assstanceto firmsto upgrade their expertise. Many universities of technology (Swinburne,
RMIT, UTS) dready have cooperative education programsin severa disciplinesthat providefor work placements
for sudentsas part of their course.  Severa enterprises (Beam Software, 1EIl, GBC, and Lochard) expressed an
interest in providing structured work placementsfor sudents during their courses, provided the arrangementswere
beneficia to both parties,

The Cooperative Education in Engineering program at the Swinburne University of Technology providesamodd
for how such a program works. A recent DEET assessment showed that Swinburne was the top university for
graduatejob prospectsand thiswas attributed by an officid universty newdetter to Swinburnés™indudrid training”
or cooperative education program (Swinburne University of Technology 1994:4). The industry placement
programin engineering coverstwo periodsof sx months. Thetwo periodsareinthefirst ssmester of thethird year
and the second semester of the fourth year with a return to university course work for the find semester. The
length of the completed degree is4.5 years.

Thetwo work placementsareregarded aspart of the course structure. The student has an academic supervisor as
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well as adesignated mentor in theworkplace. The academic supervisor is expected to make one or two viststo
the student'sworkplace and to maintain more frequent contact with the student by phone. At the conclusion of the
work placement, the student writes a report that is assessed by both the workplace mentor and the academic
supervisor, with apass or faill mark awarded.

Another feature of the Swinburne Program are the options of ether entering the work placement as a pad
employee subject to the same employment conditions as other full time employees or for the student to retain
hisher sudent status by being funded through a scholarship.  The former option can involve payment as an
employee a therate of 60 per cent of the graduate engineer'srate for students who have completed their second
year and 80 per cent of the graduate engineer rate for sudentswho are in the fourth year. However the guideto
employers notes that ..."placement and experience are the primary objectives, with pay and conditions being
negotiable factors between employers and students’ (Swinburne University of Technology 1994 ab).

An dternativeto paid employment isascholarship. Employerswishing to exercisethisoption are asked to commit
to an annud donation to a scholarship fund for four years and to provide forty-eght weeks of an "industry- based
learning placement” for scholarship holders. Thetota contribution expected is $32,000 per scholarship.

Studentsreceive afortnightly stipend of $300 for the duration of their course commencinginthe secondyear. The
advantage to the employer of thisarrangement is not having to make WorkCover, Superannuation or pay roll tax
payments. Swinburne has gppropriate accident insuranceto cover the student in the case of accidenta injury while
on awork placement. Nevertheless, scholarship students on placement are to be considered, for administrative
purposes, as employees of the company and subject to al conditions gpplying to employees of that company.

Where studentsare required to undertake work beyond their norma hours of work, they may be paid accordingly.

Then, the sponsoring organisation is liable for the additiona payments dthough the university'sinsurance policies
will continue to apply.

The benefits to the employer of the work placements are seen to be, in the short term, an additiona resource to
carry out auseful engineering activity such aslaboratory work, design, measurements, quaity assurance or testing.
In the second placement, Sudents are regarded asmore "results oriented” and can be given problem: solving tasks
and assigned individua projects.

Thelonger-term benefitsto the employer are seen to bethe opportunity to eva uate apotentia graduate'ssuitability
to the organisation. It is said to be not uncommon for employers to make a conditiona job offer to fourth year
students before their graduation inthe following year. Some projectscommenced while on work placements may
become the basis for a student'sfind year project. This can lead to acloser association with university staff and
further benefits to the company. Many employers are dso said to gain benefits from continuing cortact with
lecturing staff and Swinburnes high-technology facilities in equipment and research (there are, for example, four
research centres within the School of Biophysica Sciences and Electrical Engineering) (Swinburne University of
Technology 1994 b:4).

The cooperative education or industry-based learning placement mode offers arange of benefits smilar to the
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close association Japanese enterprises have with particular high schools and universities. Three sats of benefits
have been identified by Rosenbaum (Rosenbaum 1994). These are, firdt, fostering vaue for academic skills by
employers so that they are prepared to make some effort to obtain graduates with these skills. Second, students
are likely to exert more effort because their academic performanceis highly revant to their future careers. And
third, teaching staff accrue additiona authority based on their close association with employers and ability to offer
dependable evaluations of students (Rosenbaum 1994: 3-8).

The gpplication of thismodel of cooperative education on abroader scalein Audtraliaislikely to meet the needs of
most parties concerned with the education to work trangtion process. The mode gppears to function well in a
number of university of technology settings. Thereis, however, no reason it could not be extended to include other
disciplineswith astrong vocationd orientation both within the universities of technologies, the older universitiesand
to technician -leve training in TAFE.

Limitations of the cooper ative education model

A UK evduation of the value of industria placements based on students views showed that they were a"highly
useful learning opportunity” for most students (Pickles 1993). However, the eva uation showed that the quality of
thework experience varies considerably (Pickles 1993:210). The eva uation results showed that work placements
for some students offered an opportunity to get technical skillsand/or new knowledge. Inother instances, persond

skills were improved and a genera exposure to a business environment was judged beneficidl.

The least successful aspects of the placements were identified as: insufficient work, not enough chalenge or
involvement in aspecific project and not enough involvement with management.  Theseresultssuggest thet thereis
a need to provide employers offering places with assstance to ensure that the placement is beneficia to both
parties. Staff of educationad indtitutions may not be in the best position to offer this assstance due to other
commitments and possible lack of experience in workplace training practices.

9. RECOMMENDATIONS

The case sudies have identified the key aspects of skill formation and severd deficienciesin the skill formation
practices of some leading-edge, high-tech exporters. The key aspectsinclude:

. acloselink between R & D and the need to employ high-levd skills

. a separation between high level skills required for the R & D work and the more standardised
skills needed in the manufacturing process

. increasing importance of linkages between the high-tech exportersand new collectiveresearch and
training arrangements
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. use of severd recruitment strategies to find people with the right technical and socid skills
. a strong focus on on-the-job learning
The shortcomings include:

. little attention paid to longer term human resource drategies beyond a concern with recruiting
people with the "right skills'

. useof informal, and typicaly unsatisfactory, methods of work placement for tertiary students such
as vacation employment

. lack of a systematic approach to on-the-job training

These strengths and weaknesses of skill formation arrangements of |eading-edge exporters suggest severd options
for addressing their needs. The human resource issue of most interest to the enterprises studied ishow to find the
right person. This means someone to not only to fill aspecific technica gap but aso someone who can fit in well
with the socia aspects of thework environment such as project-based work. Thisissue can beaddressed through
setting up opportunities for prospective employees to show their abilities and capacity to adapt to the firm's
particular work environment.

The wdl-established modd for doing this is the cooperative education or industria placement program of some
universtiesof technology. Thecoverage of such programsislimitedto certain disciplinesat tertiary educetion level.
Theinvolvement of employersin such formd placements may aso be limited as only one case sudy workplace
had been approached to participate.

It is proposed that more linkages be established between the providers of skillsand the end users. The agencies
best placed to foster these linkages are industry associ ations because they arelikely to have ahigh credibility with
individua employers. The case studiesshowed that there were three associations or groups operating at asectora

level which were coordinating mutualy beneficid arrangements for their members. The Technology Industries
Exporters Group (TIEG) (based in Sydney) has established a human resources support group for smal to medium-
Szed companies. Thesupport group amsto provide ass stance with training and devel opment, recruitment aswell

as advice on how to lift saff performance, motivation and productivity individudly and as group.

Other intermediary bodies likely to have smilar levels of acceptance among employers are the cooperative
research and multimedia centres established as independent bodies with strong input from the private sector.
Independent brokers attached to these bodies could aso work with companies to set up suitable arrangements.
The Audrdian Interactive Multimedia Association has proposed the development of "mentoring” programs
involving joint education and training activities between education providers and industry asone of the activities of
the proposed Co-operative Multimedia Centres might undertake.
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These examples of industry association interest or involvement suggest that these bodies are likely to be happy to
provide assstance to their membersin thisarea. The form of assstance, however, needs to go beyond merely
arranging places. Maintaining contact with employers and the student/employers during their placementsisaso
needed. This continuing contact can aso be an opportunity to help firms make the most of on-the-job learning
opportunities for not only those on awork placement but for al employees.

For work placements to be successful for both student and the employer, due atention has to be paid to the
workplace mentoring arrangements. Thisinvolvesensuring that at least somekey individuasintheworkplace have
accesstoinformation and opportunity for training asaworkplacetrainer. Thismight only need to take theformof
a short workshop on how to:

? offer systematic on-the-job opportunities;
? evauate progress, and
? assess whether competencies and knowledge have been acquired.

The case studies showed that in-housetraining, both forma and informd, isregarded as more important than job
task rotation and external courses. On-the-job learning isregarded asimportant or very important (rated 4 or 5on
a 5-point scae) in four of the high-tech case dudies. Thereis, however, no evidence that these firms have the
internal resourcesto provide good qudity learning opportunities. Only onefirm that regarded on-the-joblearning
astheir most important form of training had atraining plan. Another enterprise with 176 employees had only one
employee in the production area with train-the-trainer training.

Onthe-job training or learning needs to be trested as a discrete activity to ensure that it is approached in a
methodical way. Recognisingwho isresponsiblefor ddivering on-the-job training isoften afirs depintreating this
form of training with the attention it deserves.  The essence of the role on the workplace trainer or mentor is
modelling askill, coaching in different waysthe person who islearning what they should do, and giving feedback
on how they are performing ( Henry, Jones, Arthur and Pettigrew 1991.:73).

On-the-job training needs to be recognised aso as an activity that is closdy tied to achieving an enterprise’s
business objectives. If it isnot given due attention, it is possible that poor practicesmay be smply reinforced by
cynica, inadequate or Smply unawaretrainersin theworkplace (Soman 1989: 41). Thesamepracticesthat area
feature of systlemdtic off-the-job training need to apply aso to on-the-job training. Theseindudeidentifying whet
training is needed, planning training provison, doing training and evauating it.

On-the-job training aso needs to be integrated with other forms of training. The key to a more systematic
gpproach istraining therole of on-the-job trainers. Theformsof training involved for workplacetrainers could be
smdl group discussions, supported by newdetters and bulletins to enhance the recognition of the role of in-house
trainers. Outside ass stance might be available through aresource person located in anindustry association. This
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person could charge out their servicesto cover activities such as helping structure work placementsand providing
training for supervisors and team leaders in how to make the most of on-the-job learning.

Thecase sudiesdso highlighted the gregter roletechnician level workersmight play inhigh techworkplaces. The
opportunity to do thiscould be provided through work placementsfor students undertaking the Associate Diploma
level coursesin TAFE. Many of these studentsare aready full time employees but asignificant proportion are not.
InVictoriain 1993, for example, of the 41,454 students undertaking courses at the associate diplomaleve, just
over athird (35.4 per cent) were full time students. The proportion was 52 per cent for science and 38 per cent
for engineering/surveying sudents. Thesefigures suggest thet thereis congderable potentid for lifting the status of
and expanding the opportunities for the employment of more technica workers by arranging structured work
placements for full time students during their course.

10. CONCLUSION

The above findings and analysis suggest that many small to medium-sized exporters may have hit abarrier to their
growth. These firms are heavily reliant on knowledge workers but the absence of due attention to the issues of
internd skillsdevelopment islikely to sunt many small exporters. Thelack of human resource sysemsis stopping
many of these enterprises from making the trangtion to larger enterprises. Unlessthistrangtion isachieved, they
will not be able to consolidate their position by continuing to innovate and expand their operationson aworld-
widescde. What isrequiredisan investment of resources beyond theimmediate performance requirementsof the
organisation (Henry, Jones, Arthur and Pettigrew 1991.72).

Recent effortsto develop collective research and training arrangements, however, suggest one way this problem
can be addressed. Cooperative Research Centres and industry associations such as the Technology Industries
Exporters Group offer consderable potentid to act as independent brokers to foster better skill formation

practices. A mgor focus of this activity should be on lifting the quality of on-the-job learning asthisis the most
prominent feature of how skills are developed by the enterprises studied.

The absence of structured training and other forma human resource practicesin smdl, high tech enterprises may
reflect not merely a preoccupation with operationa issuesbut aso alessforma way of going about their business.
Thislatter aspect needsto be taken into account by developing skill formation practices that accord more closely
with an enterpriseésmore generad mode of operation. The ad hoc and often invisible processes used to impart skills
which areembodied in the concept of on-the-job learning need to be recognised and made explicit (Henry, Jones,
Arthur and Pettigrew 1991).

Formd training common in large enterprises and educationd inditutions may be built on a conventiond view of
learning where

? the learner is a passive vessd into which knowledge is poured.

? Learning occurs through a strengthening of bonds between stimuli and correct responses.
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? Skillsand knowledge are best acquired independently of their contextsof useto ensuretransfer to
new Stuations.

? Theindividud's ability to learn is seen aslargely innate.

Inamdl, high-tech enterprises, there gppearsto be more scope for workplacetraining to be based onlearning asa
process. This gpproach is based on the following propositions:

? Learnerslearn best by doing -- by actively working on substantid problemsin meaningful contexts.
? Learning isa quintessentid socid activity.

? The context of learning isakey determinant of what islearned and how well that learning trandfers
to new Stuations.

? Human beings are by nature sense-making creatures with aremarkable ability to learn. (Florida
and Jenkins 1993: 12)

This sudy has highlighted the need to give greater attention to how on-the-job learning is conducted in smal

enterprises making extensive use of knowledge workers . One way to do this is to arrange structured work
placements for post-secondary and tertiary students as part of their course. Many of the enterprises studied are
prepared to recruit qudified, young people if there is an extended mutua trid period available. A fundamentd

concern of these firmsis how to find and hold employees with both the right technical and socid skills.

A structured work placement providesthe opportunity for employersto nominate mentors or workplacetrainersto
recaive training in how to improve exigting training practices. Simple techniques using group discussonsled by a
fecilitator could help to bring greeter reliability into exigting practices to ensure that they achieve specified
outcomes. Closer links to educationa providers may aso bring other benefits to the enterprise reliant on
knowledge workers. Thisislikely to be in the formof more gppropriate vocationa education and training based
on a better understanding of the needs of the workplace.
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Attachment 1 Spectrum of Product-Development Strategies

Craft-Oriented Job-Shops

Strategy Customise products and processes for individual customers
Attain high premiums for this service

Implementation Emphasis on process flexibility for custom requirements
Unlimited range of products and customer needs
Little opportunity for process/quality analysis/control
Project-based process R&D, if any
Dependence on highly skilled workers
Minimal reliance on process standardisation
Little opportunity for systematic reuse
Computer-aided tools individual - or project-oriented
Emphasis on customised products and customer service

Tradeoff Customer requirements, product & process flexibility and invention,
if necessary, over process efficiency

Assessment Little strategic management or integration beyond projects
Few economies of scale or scope
Best suited for medium-sized, innovative custom projects

Factory Devel opment

Strategy Efficient production of different products
High price-performance
Effective management of large, complex but routine projects

Implementation Management commitment/investment in process improvement
Broad but more limited product-process market focus
Extensive process/quality analysis/control
Tailored and centralised process R& D
Standardisation & leveraging of worker skills
Dynamic standardisation
Systematic reuse of product components
Extensive use of computer-aided tools
Incremental product improvement

Tradeoff Effort required to balance process/organisationa efficiency with
process flexibility & individual creativity

Assessment High level of strategic integration & management
Offers systematic economies of scope
Well-suited for large-scale, complex projects where standards, re-use,
and managerial skill are important

Product - or Application-Oriented Projects

Strategy Design of a best-seller product
Mass production and sale of low-priced commodity products

Implementation Emphasis on product appeal (to produce a best sdler)
Focus on particular applications for broad market
Process efficiency less important than design appeal
Process R&D to suit particular products
Emphasis on highly skilled designers
Little emphasis on process standards
Reuse |ess important than best-sdler designs
Tools useful if do not constrain designers
Innovation more important than incremental improvement

Tradeoff Product innovation or differentiation over process efficiency in design
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Assessment Little strategic management or integration beyond projects
High potential economies of scale in package sales
Not suited for large-scale, complex projects

Source: Cusumano (1991: 30)
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