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1. Introduction

This paper examines the impact of the embedding@mment on learning, innovation
and productivity in the computer and related congmdnndustries in Penang and Johor —
two regions in Malaysia facing similar federal pas but different state-level
coordination. Following a review of the works otoaomists such as Marshall (1890),
Perroux (1950, 1970), Myrdal (1957), Hirschman @9%970) and Krugman (1980),
geographers such as Saxenian (1994), Cooke andaklloft©98), Garofoli (1992),
Darwent (1969), Scott (1988) and Storper (1997Justrial district exponents such as
Piore and Sabel (1984), Sabel (1989), SengenbargeiPyke (1988), Hirst and Zeitlin
(1991), Brusco (1986), Wilkinson and You (1995),sRh (1994) and Becatini (1992)
and subsequently business exponents such as R&A60) and Best (2001) and
evolutionary economists such as Nelson and Wirit88%), Freeman (1986), Lundvall
(1988; 1992), Dosi (1982), Pavitt (1984), Kim (19%hd Edquist (2004) the paper
constructs a stylized model for evaluating the tigwaent of learning and innovation
synergies in Penang and Johor.

Four policy pillars that require simultaneous cagation are identified in the systemic

guad as the basis for promoting systemically teldgical and productivity synergies.

The four pillars are: one, basic infrastructurg@tovide systemic stability and efficiency;

two, high tech infrastructure to provide systemipport for participation in learning and

innovation; three, network cohesion to provide #Hystemic price, technological and
social relationships necessary to drive interactimd interdependent coordination; and
four, integration in global markets and value cbkaio provide the scale, scope and
competition to drive learning and innovation.

This paper is organized as follows. Section 2 mgsiepast literature related to
agglomeration economies and provides the justibodbr using the systemic quad as the
approach for comparing computer and related compofiens in Penang and Johor.
Section 3 presents the methodology used and breakdd data collected from Penang
and Johor. Section 4 examines the state of developwi the four pillars that drive
systemic synergies in the two states. Section &sass the impact of these developments
on technological capabilities and productivity hese states. Section 6 finishes with the
conclusions.
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2. Towards a Dynamic Model of Learning and Innovatbn: The Systemic Quad

Following federal government initiatives under ®&cond Industrial Master Plan (IMP2)
in 1996 to promote cluster development in the agurhis report uses this approach as
the vantage point to examine and frame policy renendations for promoting Southern
Johor as a platform for the operations of globadiynpetitive firms. In doing so it screens
two major approaches to clusteringz, Porter's (1990) diamond and Best's (2001)
productivity triad. Given that these approachesvigi® abstractions of theory that is
grounded on empirical evidence from already esthbll clusters, an alternative
framework developed by Rasiah’s (2005), i.e. th&espic quad, is preferred to provide
the policy nexus necessary to transform underdpeeloegions.

Industrial districts and clusters in developing remmies more often than not originated
from the promotion of these industrial estates ardort processing zones. Industrial
estates and export processing zones such as Shameomational Airport in Ireland,
Kaohsiung in Taiwan, Masan and Inchon in the Raputfi Korea, Singapore, Bayan
Lepas, Sungai Way and Ulu Kelang in Malaysia, Glade in Mexico, Pearl river
valley in China expanded into clusters that speeadss larger areas. In some economies
government provided high tech infrastructure arel ridquisite incentives in designated
areas to stimulate upgrading to higher value addidities in firms. Examples include
the Hsinchu Science Park in Taiwan, Shannon Intiemea Airport, Tientjin Science
Park in China, Singapore, Sao Paolo in Brazil, Mddia Super Corridor (MSC) in
Malaysia. Some of these regions transformed intoadyc clusters enjoying strong
differentiation and division of labour and innowati (e.g. Hsinchu Science Park in
Taiwan and Singapore, while others have yet to shioev dynamism necessary to
stimulate sustainable upgrading and innovation (eggMSC in Malaysia).

Three critical concepts have dominated region-eehindustrial promotion in developing
economies prior to the emergence of clusters, wnduystrial districts, growth pole and
export-processing zones. Marshall (1890) provideel ¢arliest known elements that
constituted regionally defined set of firms by refey to industrial districts. Young
(1928) articulated the advantages industry offesmfits differentiating and division of
labor potential. In addition to markets and commamisco (1982), Sabel (1982), Piore
and Sabel (1984), Becatini (1982), Wilkinson andiY0995), Rasiah (1994), Pyke and
Sengenberger (1988) and Rasiah and Lin (2005) shbwe a systemic framework with
a blend of influence from markets, government amdtiloyalty (social capital) have
been instrumental in driving productive networksrmfustrial synergie$Piore and Sabel
(1984), Hirst and Zeitlin (1988) and Sengenbergeveman and Piore (1990) provided a
dynamic and coherent account of inter- and intna-ftoordination on how horizontally
evolving relationships provide the impetus for thransition to a high road to
industrialization.

There has been an initially parallel but eventuatinverging development of the theory
of agglomeration economies — with a focus on gropdles and lead sectors. Theories of
state power and regional organizations have focusadthe role development

2 The significance of trust in raising economic pemiance was earlier noted by Mill (1844).



organizations play in stimulating industrial adiis by concentrating infrastructure in
particular locations. Early work from geographend development economists examined
the advantages of developing growth-pole stratedsse Perroux, 1949, 1961;
Boudeville, 1966; Hirschman, 1958, 1977; Myrdal,58P on regional development.
Unlike the concept of clusters which examines tbgianal dynamics as a network,
growth pole was referred to by Perroux (1949) asndnstry or a group of firms that
drove the growth of other firms and economic atigi most in the region: polarization
arising from the propulsive development of a firmimdustry. Growth poles eventually
assumed the meaning of growth polarization stinedl&xternal economies and linkages.
The synergy effects of agglomeration economies hbeen documented Ilucidly
subsequently by Cooke and Morgan (1998), Garoi@bg), Porter (2001), Scott (1988)
and Storper (1997). UNCTAD and UNIDO saw such regiodevelopment initiatives
through strong government intervention — eitheoudigh supporting import-substitution
in industrial estates or export-orientation in ftesde zones — as a major instrument to
improve the terms of trade and balance of paym&mdgveloping economies. Hirschman
(1958; 1970) canvassed strongly for export-orieoato attract the discipline and scale
effects of markets to promote competition and bakiWlinkages.

Whereas growth pole and agglomeration strategidsféaused on the appropriation of
economic synergies from the provision of infrastuoe and firms’ at proximate

locations, clusters in addition emphasized intanfand firm-institution connectivity and

coordination. The application of theory to the tiwa and growth of entrepreneurs
became more dynamic with the works of Saxenian 419999) and Best (2001) as
clusters enjoying open system frameworks and cebdstegration stimulated the flow
of tacit knowledge for new firm creation. The tectastering itself refers to a network of
inter-connected firms, institutions and other ofgations whose synergy strength
depends on strong systemic coordination and netwoHesion. Clusters of firms and
institutions enjoying strong network cohesion akely to offer greater flexibility, and

generate technological and market synergies thasetrcharacterized by truncated
operations of individual firms. Causation involvirtge propellants of synergies in
clusters is complex and is not uni-directional (Mgu1928; Best, 2001). Porter (1990)
had discussed clustering alongside the four diamdhdt drive competitiveness, but
offered vague reference to systemic instrumentsnataork cohesion. Marshall (1890),
Brusco (1976), Wilkinson and You (1992), Piore afdbel (1984), Sabel (1995),
Sengenberger and Pyke (1988) and Hirst and Z€itl#®1), Rasiah (1994) and Best
(2001) offered a much more dynamic feel of the syies associated with clustering
when discussing the dynamics of industrial disstict

Inter-firm pecuniary relations through sales andcpases is only one channel of inter-
firm interactions (Rasiah, 1995). Knowledge flowsubbing off effects from the

interaction between workers (Marshall, 1890), drelrhovement of tacit and experiential
skills embodied in human capital — produce systegmgergies (Penrose, 1959). Open
integrated clusters encourage inter-firm movemdrniaoit and experiential knowledge

8 variants of these arguments related to transastiosts to explain the existence of firms was adediy Coase
(1937) and Williamson (1990), and the relevancearf-market modes of coordination by Richardson §19672)
and North (1991).



embodied in human capital, whicmter alia, distinguishes dynamic from truncated
clusters (see Best 2001; Rasiah, 2001). New firemefited from gaining managerial and
technical personnel from older firms in the SilicMalley irrespective of national
ownership. American owned Intel, Dell and Solectrand Japanese owned Sun Micro
Systems hired technical and managerial personoei fild firms in the Silicon Vallef).
Mature firms gain new ideas and processes to emsuntnuous organizational change as
some old employees are replaced to make way feh fomes with new ideas, while new
firms benefit from the entrepreneurial and techinictacit and experiential — knowledge
to start new firms (Rasiah, 20071)Saxenian (1994; 1999) offered an impressive
documentation of inter-firm movement of human capivhich helped support new firm
creation capabilities in the Silicon Valley.

While the prime propellants of cluster dynamicghe successful industrial districts of
Emelia Romagna and Silicon Valley are local firfige important developments have
made this approach applicable even to TNC-drivarstels. First, host government
investments in basic infrastructure and bureaucatordination helped resolve customs,
security and labour problems. Second, TNCs haveasingly integrated production at
selected host-sites (e.g. Ireland and Singaporkixd,T production reorganizations in
electronics value chains has encouraged TNCs toositact out dissimilar activities to
suppliers and contract manufacturers. Fourth, grgvorizontal integration has diffused
synergies to several layers of firms at host qigeg. Israel and Singapore). Fifth, TNCs
increasingly rely on host-site institutions to a&xescarce high tech human capital —
through relocation and immigration (e.g. softwaréndia).

Evolutionary economists introduced the conceptaifamal innovation systems (NIS) to
explain systemic effects on innovations (Freema881 Lundvall, 1992; Nelson, 1993).
The NIS framework posits the role of a range ofnetoic agents - institutions and firms
— which are critical for stimulating innovation gngies. Where national systems fail to
meet human capital demand-supply conditions, dyoarhisters such as the Silicon
Valley, Ireland and Singapore introduced selectimenigration policies (Best, 2001).
Some TNCs have also relocated abroad to accessnheaptal where large-scale
immigration was difficult (e.g. software companiedndia). Although existing work has
hardly dealt with the construction of emerging ews$, which is necessary for
underdeveloped locations, its focus on the necgdsks between economic agents is
similar to the cluster concept where a mix of firamgl institutions is viewed as critical to
stimulate innovative activities. The applicationtbé NIS approach to clusters have led
to the integration of the development of criticajthtech institutions alongside systemic
effects that expand inter-firm and firm-institutia@onnectivity and coordination (see
Mytelka, 2002; Rasiah, 2004). The use of the cluagproach in NIS amplifies the
systemic synergies that arise from dynamic intenfand institutional links. Given the
strongly overlapping and complementary nature @& ttvo approaches, this paper
integrates systemic coordination and network caimeand examines the NIS from the
lenses of firms.

4 Author Interviews (1995).
5 Author Interviews (1995; 1999).
® Elements of the NIS can be traced to Smith (17H&)nilton (1791) and List (1885).



In economies with successful upgrading the rolgamfernment shifted from a focus on
simply basic infrastructure to in addition the pgsson of high tech infrastructure. The

discipline, and scale and scope effects of marketsthe role of government in guiding
markets and providing public goods were importantall rapid industrializers (see

Chang, 2003). In addition, trust-loyalty (sociapdal) was also argued by Richardson
(1960; 1973), North (1972), Sabel (1982), Piore &umbel (1984), Burchell and

Wilkinson (1997), Rasiah (1994), and Rasiah and Lin (20@5hatve been critical. The

simultaneous and often overlapping role of trusingside markets and government
helped synergize clusters in successful regionacélenetworking among human capital
based firms and institutions have been vital tmskate synergies in dynamic clusters.

A number of definitions exist on clusters. Someuomore on the physical elements that
constitute a cluster, others on connectivity andrdimation, while others still on all of
them. Porter (1990) Best (2001) developed thish&rrby examining the conditions that
drove entrepreneurship and new species of indasteigionally. Rasiah (2002) discussed
the synergistic advantages the Silicon Valley amitR 128 have introduced to the
continuous reinvention of old firms and the birthnew firms in clusters where there
exists ease of movement of human capital — tactad new firms and new to galvanize
old firms. Guerreri , lammarino and Pietrobelli () summarized the three dominant
types of industrial clusters that have emergedtapete at the global frontier, viz., one,
the atomized Marshallian small firms that typitgly and Taipei,China, two, a handful
of large firms defining the roles of suppliers ietidit, and three, the single large mother
firm defining the roles of suppliers in Japan. Tmajor contemporaneous definitions are
examined here before a working definition is franfed use in this studyyiz.,, Porter
(1990) and Best (2001).

Porter’'s Diamond

The critical feature in Porter's (1996)mpetitive cluster defined within a geographical
space is critical mass of resources and competaghaeprovides the region with a key

position in an economic activity so that it enjoyscompetively supreme position in

global markets. The concept has gained significareearily because of the emphasis
on increasing productivity and innovation in thebeading firms, and the creation of

new firms. High tech clusters are characterizedhsy agglomeration of firms around

renowned science and technology-based universéres research labs. Historically

emerging clusters generally evolve along industrgd over the years as tacit knowledge
snowballs over from tradition. These industriesmteémulate the growth of supplier and

complimentary economic activities.

The essence of Porter’s (1990) model of competaneantage is the diamond, viz., one,
factor conditions; two, firm strategy, structuredaivalry; three, demand conditions; and
four, related and supporting industries. Natiormhpetitive advantage is achieved when
particular industries meet the four ingredientsva@bdecause critical technologies (core



competence) drive Porter's competitive clustergcsgization in particular goods and
services are the drivers.

While Porter helped make the concept of clustemsofss, his work neither connects the
concept historically to capture its evolution ndfecs a full understanding of the term

systemically. Hence, it is difficult to establishcaherent framework and a roadmap to
assist policy makers to drive clustering in emeggiegions.

Best’'s Productivity Triad

Introducing the productivity triad, Best (2001) wisted a triangular relationship between
a business model, production capability and skitismation as drivers of regional
growth. Drawing from Smith (1776), Marshall (189%pung (1928), Schumpeter (1934)
and Penrose (1959) and using a profound undersigindf organizational change
historically, Best (2001) advanced further elememds the concept of regional
development.

Best (2001) argued that techno-diversity rathenthasimple focus on techno-clusters
was a crucial element of dynamic clusters as itreff the impetus for the creation of
demand (new technology and firms) on one side, diffdrentiation and division of
labour on the other side. Best also argued, fatels to drive differentiation and division
of labour it must have the capacity to stimulatev species of industries. Rasiah (2002)
drew from this logic to explain speciation of inthiesss not new to the universe at the
regional level in Penang. Piore and Sabel (1984) Basiah (1999; 2002; 2004)
emphasized the significance of intermediary orgations — coordinated through the
operations of markets, government and trust-loyaltyat strengthened interdependence
in the relationships between economic agents tolwvescollective action problems and
coordinate effectively the allocation and perforicanof public and private goods
providers. Hence, the synergy involved in clustéeat goes beyond simply the attraction
offered by buyers and sellers of a particular goodervice located in a certain place to
induce other buyers and sellers to relocate there.

Cluster effect in Best’s definition includes thepaaity of a network of firms and
institutions to drive differentiation and divisiaf labour, and new firm creation. That
capacity led to the amplification of the role otwerk cohesion. Just how well firms and
institutions are connected explained the smoothwétswhich coordination of demand-
supply conditions and knowledge flows interacted dove the generation and
appropriation of economic and social synergies.

Because Best (2001) focuses on horizontal integgradnd re-integration so that
all firms participate in innovations in value chaim a technological diverse cluster, the
dynamic technologies and goods and services freélyjuehange. At any one time a
dynamic cluster competes globally in a range ofipots and services, and not simply in
a particular industry as articulated by Porter (9®Best also emphasized the critical
importance of heterogeneity and diversity in theoletton of dynamic clusters.



Differentiation and division of labour and newnfircreation are central to the long term
growth of clusters.

While Best connects the concept of clusters hisadlyi and provides a feel for
knowledge flows and its diffusion, because the $obas been on developed regions it
lacks the dynamics to address institutional shistfahat typically characterize
underdeveloped regions.

Towards a Synthesis

It can be seen that the critical focus of Portes baen on the agglomeration effects of
clusters led by a critical mass of firms specialigin a key competency, while Best
emphasizes more the business model and productipabdity to drive differentiation
and division of labour.

Attempts to formulate public policy intervention afusters do not necessitate a clear
identification of the role of government in the d®pment of dynamic clusters in
history. What is important is whether dynamic alustoffer room for government policy.
Governments can promote particular agglomerationcompetence to provide a
snowballing effect to attract the relocation of estliirms or the creation of new ones.
Such a role will purely be promotional. Governmeah also screen particular clusters
and identify bottlenecks, holes and weaknesses ate,efill and ameliorate these
problems. Such problems can take the form of alfitlwasic infrastructure, high tech
infrastructure, or supplier firms. Given the probkof information asymmetries between
government and firms intermediary organizationshsas chambers of commerce,
parastatal-type training institutions and R&D latfsen help resolve collective action
problems. Interdependent relationships that areedrby the discipline of the market, the
participation of government when public goods amgolved and complementation
through trust-loyalty to extract social commitmémim the humans directing all of them
is vital for the development of competitive cluster Industry-government-
consumer/labour coordination councils often helorf and expand social capital.

Systemic forces have largely driven Porter-typeQQ)<lustering in some locations. For
example, the success of software engineers angddiams has convinced a number of
high-tech companies to set up operations in Bamngalodia. Likewise, a critical mass of
gambling casinos has attracted further gamblingnoasto Las Vegas. Although
developing governments have often promoted Poytes-tlustering in particular regions
on the basis of the identification of industriestsas electronics, auto parts, wood-based
products, garments, shoes or ceramics, few haa@eet the same industries in the long
term.

A combination of a lack of firm-level drive, andlack of the requisite human capital and
high tech institutions necessary to stimulate tireovation and with it competitiveness
have often undermined the capacity of such clusteenjoy sustainable differentiation
and division of labour. These are also the primesoas for the stagnation that has
characterized export-processing zones and industsiates in developing economies.



Central to any effort to revive fading old induatrconcentrations must be a focus on
planting the right pillars to stimulate upgradimgnovate, industrial differentiation and
new firms. The strategy must be one of mappingoregiof their firms, institutions,
policy framework and their integration with markégdobal and local), and to identify
the drivers or the lack of drivers that explain Wit@ancy of the region.

Regions endowed with a dynamic set of economic tageffectively connected and
coordinated — firms and institutions (e.g. prowusiof utilities such as power, water,
telecommunications, education and training instohg and R&D labs) drive innovation
and competitiveness through flows of circular amdnalative causation. What Young
(1928), Kaldor (1957; 1984) and Cripps and Tarl{h§77) argued at a structural level
can be presented in networks terms through theegrug clusters.

Frontier clusters (high tech clusters in Porteidsion and any dynamic cluster in Best's
definition) are characterized by innovation. Thediopoint of innovationn a dynamic
cluster is essentially the interdependent and actere flow of knowledge and
information among people, enterprises and instiigi It must obviously include
coordination between the critical economic and netbgical agents across value chains
who are needed in order to turn an idea into aga®cproduct or service on the market.
In dynamic clusters such as the Silicon Valley Ruodite 128, innovations evolve from a
complex set of inter-relationships among actorsated in a range of enterprises,
universities and research institutes. The execwimhappropriation of these innovations
inter alia expand further actors in dynamic clusters to mtiary organizations such as
suppliers, venture capitalists, property rights yaxg and marketing specialists. The
government is a major player providing a significahare of the funding public goods,
though, the National Science Foundation (NSF, 20@®) warned about a decline in it
over the last decade. Government funding comeseridrm of research supported in the
military, support of research undertaken in firmd ather laboratories.

Most efficiently governed industrial estates andZ&lh the past generally only focused
on the elements that are shaded blue. The long ¢érective of government policy in
these economies has been to ensure sustainedsedrekabour force participation, and
wages so that the broader objectives of povergvation and human development are
met. The original exponents calls to limit the rofegovernment to just the provision of
excellent basic infrastructure proved to be thetsbming of the EPZ strategy. Without a
policy to ensure learning and innovation, increasgdgration in the global economy
undermined the capacity of these regions to comgga@st rising wages, the emergence
of new sites such as China, and to meet the rigicignological deepening requirements
in them (e.g. electronics) with deleterious congeges on underemployment, poverty
and human development. Lall (2001) was to assattebonomies that failed to develop
their technological capabilities became losersienglobalization process.

Central to the failure of EPZs and industrial esgah developing economies has been the
lack of development of an effective enabling enwment for technological upgrading,
differentiation and division of labour, and newnfirand industry creation. Figure 3
identifies the critical pillars that drive dynamatustering. The first central pillar of a



dynamic cluster is a strong role by governmentdgfal or local) to provide stability
(macroeconomic, political and security) and efintibasic infrastructure. The second is
the environment where the institutions coordinalieg@ning and innovation are evolve
effectively to stimulate technology acquisition dagh learning by doing, licensing,
adaptation, training, standards appraisal mechanpianstrong intellectual property right
framework to provent moral hazard problems facmgpvators and R&D. The second is
vital for the continuous evolution of technologicalpabilities in the cluster.

The third requires that the cluster is globally mected — markets and value chains.
Global markets provide the economies of scale angesand the competitive pressure to
innovate. Global value chains assist economic aganthe cluster to orientate their

strategies to the critical dynamics that determipgrading and value addition (see
Gerrefi, 2002; Gerrefi, Humphrey and Sturgeon, 320@xamples of such changes

include the introduction of cutting edge just im& and flexible specialization techniques
in electronics, and the proliferation of softwagetinology in the use of cadcam machines
and the interface between firms assembly activiied the major markets abroad. In
Indonesia for example, Texmaco which is locatednnEPZ in the outskirts of Jakarta

responded to the changing nature of global valugnshin the garment industry by

integration assembly, fashion design, packagingd lkgistics to supply brandname

holders. Lacking in institutional support — bothsizaand high tech infrastructure —

Texmaco has managed to compete globally despitegféaiemendous transactions costs
in Indonesia.

The fourth differentiates a cohesively networkedistér from clusters defined by
truncated operations. Connectivity and coordinai®reritical for knowledge flows —
beyond simply codified information that markets redocan coordinate. Intermediary
organizations such as industry-government coorinatouncils and chambers of
commerce play an important role to increase comigcand coordination in dynamic
clusters. In emerging regions, governments havetad such platforms (e.g. Penang in
Malaysia) (see Rasiah, 2002). The appropriatioknofvledge through rubbing off effect
as humans employed by the critical economic agerttse cluster meet and interact, and
the movement of tacit knowledge embodied in huntarstart new firms rises as trust-
loyalty (social capital) becomes a critical cooatian mode.



Figure 1: Systemic Quad
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Economies that managed to strengthen the fourrpiltd the systemic quad have
managed to sustain several decades of rapid gramdhemployment absorption, value
addition and sustained exports (e.g. SingaporeydraiProvince of China, Hong Kong,

Ireland and Israel). Economies that simply focusadproviding basic infrastructure,

political stability and security at least in EPZslandustrial estates have failed to enjoy
sustained growth and employment absorption, vallditian, sustained exports (e.qg.
Brazil, Indonesia and Philippines). Whereas susthwvalue addition, differentiation and

division of labour, and wage increase has helpeg sharply standards of living human
development in the successful economies noted latle of it has denied the latter

economies this experience.

3. Methodology and Data

The paper uses comparisons of simple two-tailedtistto examine statistical differences
of firms’ assessment of institutional and systemistruments facing them in the two
states, as well as, technology, wages and prodiyct¥ foreign and local firms in the
two states. Likert scale scores ranging from O-Feweased to score firms’ rating of
connections and coordination quality with critigaktitutions. The estimation of the
technological, productivity and export-intensity riegbles is shown in Table 1.
Trajectories and taxonomies were used to diffeadmtiechnology, and technological
intensities were captured by normalizing relateak@s (see Table 2).



Table 1

Variables, Proxies and Measurement Formulas, Compet and Related Component
Firms in Johor and Penang, 2004

Variable

Proxies

Specification

Labour productivity

VA divided by workforce

Export intensity

Exports in output

Skills intensity

Skilled, technical and profession

personnel in workforce

Wages

Actual monthly wages in ringgit

HR

Training expenditure inNormalized using formula:

payroll,

(3), staff with training

responsibility (2) and
undertaken

training
externally (1)

cutting  edge Xmin)/(Xmax-Xmin)
HR practices, scale of
HR operation (training
centre (4), department

(X

Process Technology

Age of machinery an
equipment, cutting
edge process (invento
and quality) technolog)
(TPM, TQM, JIT,
MRPII), expenditure or
physical reorganizatio
of the firm as a share i
sales.,

N

=)

dINormalized wusing formula:
) Xmin)/(xmaX'Xmin)

[y
y

n

(x

Product R&D

expenditure

Product R&D
expenditure in sales

Actual percentage

Product RD

Product R&D
expenditure in sales
Product R&D

personnel in workforce

Normalized using formula:

5 Xmin)/ (Xmax-Xmin)

(x

al




Table 2
Technological Capabilities, Computer and Related Qmponent Firms, 2005

Knowledge depth HR Process Product
Simple activities On the job and in- | Dated machinery | Assembly or processing
(1) house training with simple of low value added
inventory control components
techniques
Minor In-house training | Advanced Precision engineering

improvements (2)

and performance
rewards

machinery and
problem solving

and CKD assembly

Major
improvements

3)

Extensive focus on
training and
retraining, SPC,
TQM, TPM

Cutting edge
inventory control
techniques

Cutting edge quality
control systems (QCC
and TQC)

Engineering (4)

Hiring engineers

Process adaptati
layouts, equipment
and techniques

bRProduct adaptation

R&D (5)

Hiring R&D
personnel and
devising new modes

Process R&D:
layouts, machinery
5and equipment and

of HR development

processes

Product Development
(e.g. ODM and OBM)

Source: Developed from Rasiah (1992)

The paper draws from a larger survey conducted 0842005 on the electronics

industry. Information on the computer and relatechponents firms in Penang and Johor
was extracted from this survey. The national cdasi$é engaged in the survey used a
sampling frame supplied by the national statistiegartment to select for study. The data
collected came from the responses obtained anldoiwrsin Table 3. The response rate
was around three times higher for local firms thharign firms in both states. Unless

otherwise stated all information presented aretferyear 2004.

Table 3

Breakdown of Sampled Data, Computer and Related Coponent Firms, Johor and
Penang, 2004
Johor Penang
Foreign Local Foreign Local

Population of firms 401 100 362 90
Mailed 301 75 271 68
Full response 33 39 28 37
Response rate 10.3 32.0 11.0 31.1

Source: UNU-MERIT, World Bank and DFID Survey



4. Systemic Development in Penang and Johor

Having introduced the systemic quad, this sectisasuthis approach to examine the
development of the computer and components industBenang and Johor. Although
very few firms assembler computers in Malaysia, thenber of firms engaged in

computer component (e.g. capacitors, resistors,sP@B®des and semiconductor chips)
and completely knocked down (CKD) parts (e.g. masitkeyboards and LCD screens)
assembly is large. The focus in the section isc<eorene how strongly developed are the
four pillars of the systemic quad facing these &rim Penang and Johor.

Basic Infrastructure

Both Penang and Johor enjoy fairly good basic maysnfrastructure with strong links to
the modern North-South Highway. Johor is in additiocated just across the causeway
from Singapore where a vibrant industrial regios kanerged. Yet, basic infrastructure
coordination in the more congested Penang is superithat in Johor (see Table 4).

Smooth coordination between the state’s Penang ID@went Corporation and firms
was the basis behind rapid improvements in the igpiav of basic infrastructure in
Penang. Indeed, the coordination of the Free TZaae Penang Companies Association
(FREPENCA) with PDC led to the Penang governmerpaeging its airport to world
class status in 1978. Similarly, PDC also helpedngthen links between the power
supply, waterworks, customs, police, housing, fpartsand immigration departments to
ensure that firms located in Penang faced miniogiktics problems.

Whereas Penang enjoys a world class airport tortaddequick cargo transport, Johor’s
airport lacks the capacity to provide such serniBecause state government officials did
not pro-actively target and attract flagship firemgaged in quick cargo flights to relocate
in Johor the airport the airport there does haeeddamand to support world class flight
facilities. Hence, with the exception of SGS Malayg¢located in Muar) no other
semiconductor firms have relocated in Johor wltré are over 10 semiconductor firms
in Penang.



Table 4
Basic Infrastructure, Computer and Related ComponehFirms in Johor and
Penang, 2004

Foreign t Local t
Johor Penang Johor Penang
Water 3.12 3.11 -0.02 3.14 3.01 -0.31
Electricity 3.18 3.97 2.44** 3.25 3.04 -0.65
Primary and 3.57 3.68 0.01 3.45 3.23 -0.10
secondary schools
Health care 3.11 3.19 0.07 3.17 3.12 -0.04
Customs 3.45 3.98 1.45 2.95 3.27 1.37
Security 2.75 3.12 2.01** 2.98 3.25 1.45
Transport 2.21 3.87 2.52** 2.11 3.45 2.72*
Telecommunications 3.55 3.67 0.45 3.12 3.55 0.91
N 33 28 39 37

Note: Likert scale score of firms (0-5 with fromn®to highest possible rating); * and **
- statistically significant at 1% and 5% respediive

Source: UNU-INTECH, World Bank and DFID Survey (200

Network Cohesion

Greater systemic coordination, initiated by the @gnGerakan Government under the
leadership of Lim Chong Eu and closely networkethvgupport from the chambers of
commerce, FREPENCA and coordinated by the PDC,ekelaise connections and
coordination of relationships between firms anditasons in Penang. Although it was
only in 1990 that the Penang Industrial Coordimat@ouncil was created, informal links
between these bodies was already being organizeck s1970 when the Penang
government sought to industrialize the state. Algiothese institutions and the links
between them were promoted by the federal goverhmerss the country since the
introduction of the Second Industrial Master PIBYIR11), the strength of connections
and coordination between them and firms, and ifiterlinks have been fairly weak in
Johor.

The empirical evidence showing that Penang firnes laetter networked is shown in
Table 5. Using Likert scale scores, firms were ddkerate the strength of connections
and coordination between them and critical insotg, and other firms. Firms located in
Penang showed superior rating than firms locatedlahor in all the statistically
significant two-tailed results. The results for B&upport was statistically insignificant,
which is reflected by a lack of significant R&D agbnships between firms (both foreign
and local) and R&D institutions (e.g. university R& Malaysian Institute of
Microelectronics System and the incubators put optechnology parks by the




government). Networks between local firms and stath&l organizations were only
statistically significant (at 5% level). Intervievehiowed that local firms mainly sought
the international standards organization 9000 sexggtification from the Standards and
Industrial Research Institute of Malaysia (SIRINFjve foreign firms who qualified for
this series in the 1990s reported no longer beiteyésted in the series.

Table 5
Systemic Networks, Computer and Related Componentifns’, Penang and Johor,
2004
Foreign t Local t
Johor Penang Johor Penang
Ministries
Industry 2.17 3.67 3.15* 2.05 3.25 2.95*
Association
Training 2.01 3.98 3.25* 2.15 3.33 3.02*
institutions
Universities 1.03 2.01 3.11*
State 2.35 3.57 2.75* 2.11 2.63 2.25**
Development
Corporation
R&D support| 0.1 0.3 0.01 0.2 0.5 0.10
Units
Incubators 0 0 0.00 0 0 0.00
Standards 2.01 2.15 0.70 1.88 2.54 2.45*
Organization
Horizontal inter-| 1.87 2.45 2.68* 1.90 2.33 1.88
firm links
Vertical inter-firm| 2.11 2.95 2.45** 2.00 2.47 2.01**
links
Complementary | 2.21 3.13 2.97* 2.02 2.94 2.54**
Supplier links
N 332 28 39 37

Note: Likert scale score of firms (0-5 with fromn®to highest possible rating); * and **
- statistically significant at 1% and 5% respediive

Source: Compiled from UNU-INTECH, World Bank and IDFSurvey (2004)




High Tech Infrastructure

The high tech infrastructure in Penang is bettenttimat in Johor but the whole country is
deficient in R&D labs and R&D human capital. Teclogical capabilities developed in
Penang’s electronics firms are significantly higlaed varied than electronics firms in
Johor. Although electronics firms have expandednstly in Penang since 1970 (Penang
Electronics was the first electronics firm, whictasvfollowed by Orion and National
Semiconductor in 1971) whereas electronics firmly @gan to move in strongly in
Johor from the 1980s, the reasons for have nwd®twith systemic coordination and
institutional development. While incoherent fedeealucation and innovation policies
denied both states the human capital and knowldulage necessary to stimulate
participation in R&D activities, state-oriented tihistional development provided the
support essential to resolve collective action fgnois and with that offer greater learning
and problem solving opportunities in Penang. Tadien explains these differences.

Although federal policies on the development ofhhigch infrastructure has offered

similar environment for the entire Western Corridloat includes the states of Penang
and Johor, with the exception of support for R&Desources such as incentives and
grants, labs and R&D human capital — Penang stilhaged to provide greater high tech
synergies than Johor in some areas. The Penang Blivelopment Centre in Penang
was rated highly by both foreign and local firmsdéed training institutions in Penang
enjoyed a much higher and statistically significargan Likert scale score than those in
Johor (see Table 6). Penang also enjoyed a statigtsignificant and higher mean for

the supply of skilled labour than Johor. In additto losing skilled workers to Singapore,

5 firms also reported that the lack of skilled labbas restricted their upgrading plans.

The assessment on R&D produced extremely low scdies supply of R&D human
capital yielded very low means irrespective of tama or ownership, which is a
consequence of the lack of such human capital ilay&. Intel, AMD, Hewlett Packard
and Dell officials in Penang reported in 2004 theability to undertake more R&D
activities because of limits imposed on the immdrtoreign human capital. It is unclear
if government announcement in 2006 to provide Nhdiia Super Corridor (MSC)
status to Penang and Johor has effected any chamgdsms’ conduct on R&D

activities.



Table 6
High Tech Infrastructure, Computer and Related Compmnent Firms in Penang and

Johor, 2004
Foreign t Local t
Johor Penang Johor Penang
Supply of skilled| 1.67 2.25 2.21** 1.55 2.01 1.99**
labour
Supply of| 0.57 1.15 1.35 0.35 0.55 1.35
engineers and
R&D human
capital
Industry- 1.57 2.11 1.88 1.63 1.71 0.01
University
collaboration
Standards 1.87 2.01 0.60 1.57 2.31 1.55
Organization
Training 2.11 3.25 2.97* 2.34 3.11 2.45**
Institutions
R&D incentives 2.45 2.55 0.10 2.11 2.57 1.55
R&D grants 0.00 0.00 0.00 0.56 0.77 0.99
IPR governance 1.25 1.91 1.13 1.55 1.75 1.05
Venture capital 1.55 1.87 0.65 1.88 2.11 0.33
N 33 28 39 37

Note: Likert scale score of firms (0-5 with fromn®to highest possible rating); * and **
- statistically significant at 1% and 5% respediive

Source: Compiled from UNU-INTECH, World Bank andIDFSurvey (2004)

Integration in Global Markets and Value Chains

All computer and component firms in Penang and dalne either directly or indirectly
integrated in global markets. Penang is better ecia to global markets. The Penang
government started early to stimulate integratiath vglobal markets from the outset
when electronics firms were targeted for promotiot970. Despite launching a strategic
plan in 2006 to turn Johor to a globally compegithigh tech region, the government has
yet to provide significant support to effect thisaj Hence, Johor looks to remain a
platform for the assembly of tail-end activities gopport a regional high tech hub in
Singapore.

Computer and related component firms in Penangyemnjaltinational coordination,
market access and technology support from all thgppmmarkets — i.e. United States,
Europe, Japan and Canada. A few of these firmemaRy also enjoy some technology
support from Singapore — e.g. Hewlett Packard (Sgere 2). Computer and related
component firms in Johor largely depend on techmolsupport from regional



headquarters or parent plants in Singapore. Veny dgceptions exist, the largest of
which SGS in Muar exports largely through Singapore

In addition, computer and related component firmg2enang also provide technology
support to firms in Thailand, Philippines and Indsia, and the Malaysian states of
Kedah, Perak, and the Kelang Valley region. Sugbedise range from the transfer of
process technologies to human resource trainingtr@at manufacturers also evolved to
provide support services to foreign multinationgperating in Indonesia, Philippines and
Thailand.

Better state-level coordination of FDI inflow byettocal government and PDC as well as
high wages and a tight labour market has also droeg highly labour-intensive stages of
production out from Penang to Perak and Kedah.ddddeliberate efforts to connect
with high value added firms helped Penang attractitacal mass of firms by species —
from semiconductors, passive components (e.g. djodsistors and capacitors), disk
drives and photonics. The only two microprocesssembly and test plants in Malaysia
are located in Penang. The lack of such focusedbglthe local government as well as
the lack of high tech coordination has restrictetiod to primarily low value added
activities such as printed circuit boards (PCBspnitor assembly, ink cartriges and
printers. The breakdown of type of specializatisrsihown in Table 7. Typical with the
computer industry, none of the firms enjoyed indégd operations in Penang and Johor.
All the firms had assembly and test activities atlbstates. None of the firms reported
having Original Brand Manufacturing (OBM) activieWeaknesses in the high tech
infrastructure has obviously meant that foreign MiNitave off-shored little and local
firms have lacked the institutional support to exgpanto R&D activities.



Figure 2: Market and Value Chain Links of Computer and Peripherals Firms in Penang and Johor, 2004
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Table 7
Specialization, Computer and Related Component Firs, Penang and Johor, 2004

Foreign Local
Johor Penang Johor Penan

Assembly and test 33 28 39 37
Microprocessors 0 2 0 0
Memory chips 1 5 0 1
Integrated 0 0 0 0
operation
Contract 5 13 1 5
manufacturer
Complementary 11 7 1 4
supplier
Scale-based 18 21 7 3
Scope-based 15 7 26 34
OEM affiliate affiliate 7 29
Designing 0 3 0 2
OBM affiliate affiliate 0 0

N 33 28 39 37

Source: Compiled from UNU-INTECH, World Bank and IDFSurvey (2004)

5. Learning and Innovation

Although both Penang and Johor share the samealegalicies and are located in the
same national economy, differences in state-leggkmance and systemic coordination
has produced distinctly different learning and weton capabilities in electronics firms
located in these states. This section captures ttifferences using an adapted version of
the technological capability methodology approaidie approach was pioneered by Lall
(1992), Bell and Pavitt (1995), Westphal et al @Pand Ernst, Ganiatsos and Mytelka
(1998), and extended by, Figueiredo (2002), Ariflimd Figueiredo (2003) and Rasiah
(2004). Two exercises are carried out in this sectviz., one, a taxonomy locating the
depth of participation of firms by human resourelR}, process technology and product
technology, and two, comparisons of technologiskills intensity and wage means by
ownership between electronics firms in Johor antbRg.

Knowledge Depth

This sub-section examines technological capalslitt)y the incidence of knowledge
depth in the computer and peripheral firms in Pgnand Johor. Only embodied
technology — in humans, processes and equipmethiprauct — is examined here. Each



of the three technology components are differemtidty knowledge depth (see Table 1).
The results from a survey carried out in 2004 usinggndom sampling procedure are
compiled in Table 8. The scores show incidenceadfigpation of firms in the respective
knowledge categories. Frontier research was ndtided because none of the firms in
both states reported participation in this category

The overall incidence of participation of firms imgher technology activities are
significantly higher in Penang then in Johor (sebl& 6). Foreign firms enjoyed higher
incidence of participation in the high segments te€hnology than local firms.
Participation in product R&D was extremely low ioth states but no firms reported
involvement in Johor compared to 3 foreign and @ldirms in Penang. None of the
firms in Penang were engaged in totally new prodisstelopment, but the 5 firms that
reported yes to the fifth knowledge depth categmported that they carried out
designing to meet regional tastes. A computer netufing firm in Penang reported
carrying out designing of computers specificallynieet East Asian customers’ needs.
The two local firms engaged in product designing’@mang that reported having original
design manufacturing capability noted that theyergtrong interface with their buyers
to develop product technologies jointly. Both théseal firms are also multinationals
with manufacturing plants located in over four coias.



Table 8

Technological Capabilities of Computer and ComponenFirms in Johor and Penang, 2004 (Incidence)

Knowledge HR Process Product
Depth Johor Penang Johor Penang Johor Penang
Foreign | Local | Foreign| Local | Foreign| Local | Foreign| Local | Foreign| Local | Foreign| Local

(1) 33 28 39 37 33 28 39 37 33 28 39 31
(2) 33 28 39 37 29 20 39 37 21 12 39 31
(3) 33 19 39 36 23 12 39 33 17 9 39 25
(4) 27 12 39 33 17 7 39 29 3 3 21 9
(5) 1 0 11 5 1 0 11 5 0 0 3 2

Total 33 28 39 37 33 28 39 37 33 28 39 3]

Source: Compiled from UNU-INTECH, World Bank and IDFSurvey (2004)



Technological Intensities, wages and productivity

Two-tailed t-tests comparing the means of Johor Baedang firms by ownership is

shown in Table 9. It can be seen that the HR andgss technology means were not
statistically significant. Foreign firms, in all efhich foreign MNCs owned at least 50
percent equity, consistently enjoyed higher meaas tocal firms in both states. Whilst

foreign electronics firms in Penang also enjoyeghéir means than foreign electronics
firms in Johor, the commensurate comparison was thls same with local electronics

firms.

The statistical differences by ownership betweenaRg and Johor involving skills
intensity (SlI), wages and labour productivity whrghly significant (see Table 9). Given
that the labour market in Malaysia has been tightesince the early 1990s despite
massive imports of unskilled labour from Indonesiad Bangladesh, managers,
professionals (including engineers), techniciangpdpction superintendents and
machinists continue to enjoy a wage premium. Whitgher wages have made Penang
more attractive to skilled workers than Johor, therk atmosphere in Penang has
changed to value motivational elements so muchthab workers are also unwilling to
relocate back to their hometowns in Malaysia evéemfirms there offered comparable
wages. Indeed, an official from Flextronics locatedohor reported in March 2006 that
the firm failed to attract Johor born engineershtecians and machinists from Penang
despite offering them slightly better wages thematthey were getting in Penang.

Higher skills intensities and wages have also teded into higher labour productivity in
firms in Penang compared to firms in Johor. Theisdieal results from the two-tail t-
tests (at 1%) by ownership were highly significgsge Table 9). Foreign firms were
more productive than local firms even when the olaens from both states were
pooled. Local firms in Penang were also signifiganhore productive than their
counterparts in Johor. Hence, the stronger embgdehivironment in Penang compared
to Johor — especially the role of the local goveentrand intermediary institutions (e.qg.
the PDC and the industry associations) — has #ttalsigher technological and skills
intensities, which in turn has manifested in higheges and labour productivity in the
former compared to the latter.

Singapore continues to attract skilled Malaysiamkes with salaries reaching no less
than three times what electronics firms pay in 3oAd 15 firms interviewed in Johor in
March 2006 reported losing skilled workers to Spg& for wages exceeding 3 times
more! Although the numbers are much less firms in Penalsgp reported losing
engineers to Singapore: a number of foreign eddcMtalaysian R&D engineers are
engaged in designing activities in Singapore. imésvs with officials from Intel, AMD,
National Semiconductor, Hewlett Packard and Del2004 in Penang suggest that the
supply of R&D engineers and technicians are todlldimathese firms to upgrade further
into R&D activities. Singapore managed to amelethis problem by opening policy to
the world to attract high tech human capital. UBGD6 Malaysia limited this benefit to

’ These interviews were organized by Asokkumar Malanthu.



areas classified under the Multimedia Super Corr{@#SC) initially involving only an
area stretching from Kuala Lumpur to the Kuala Lumpmternational Airport (KLIA)
located in Sepang.

Table 9
Technological Capabilities of Computer and Componerfirms, Two-tailed t-tests,
Penang and Johor, 2004

Foreign t Local t
Johor | Penang Johor | Penang
Sl 0.28 0.43 2.67% 0.19 0.33 2.59*
HR 0.42 0.52 0.96 0.37 0.44 0.53
Process 0.53 0.69 1.78 0.31 0.43 0.45
Product 0.03 0.15 2.01** 0.01 0.09 2.11%
RDEXp (%) 0.02 0.19 2.43* 0.01 0.13 2.21%
VA/L (MYR) | 117,201 | 185,377 | 3.17* | 33,777 63,421 3.77*
W (MYR) 1567 2881 3.43* 901 1363 2.97%
N 33 39 28 37

Note: * and ** - statistically significant at 1% d%b% respectively; VA/L
are in annual figures while W are in monthly figsire

Source: Compiled from UNU-INTECH, World Bank andIDFSurvey (2004)

6 Conclusions

This paper developed an ontologically defined model the systemic quad, to compare
learning and innovation in computer and related moment firms in the states of Penang
and Johor in Malaysia.

The results of the subsequent empirical investigashowed that all the four pillars were
better developed in Penang than in Johor, thougbakmesses in the high tech
infrastructure reduced both foreign and local firocegpacity to undertake R&D activities
in both states. Penang and Johor enjoyed fairlylagifnasic infrastructure institutions but
better coordination helped firms helped resolvdective action problems so that firms
reported for efficient delivery of these serviceshie former compared to the latter. Apart
from R&D related support services such as ventaggtal and IPR environment, firms
located in Penang also evaluated the strengthaofiig centres and supply of skilled
labour in Penang much higher than in Johor. FirmBenang also rated connections and
degree of coordination between firms and institgiéar higher than in Johor. The results
clearly show firms are better networked in Pendrem tin Johor. Lastly, firms in Penang
were also better integrated in global markets aidevchains than firms in Johor.

The superiority of systemic coordination in Penamger Johor is reflected in the
incidence and depth of participation of firms inareing, innovation and labour



productivity. Apart from HR practices firms — irpesctive of ownership - in Penang
showed higher technological intensities (process ioduct) than firms in Johor. The
skills-intensity levels of firms in Penang wereaalsigher than firms in Johor. Firms in

Penang also seem to be paying higher wages to guppgber technological and skills

intensities than firms in Johor. This strategy hE® enabled firms in Penang to enjoy
higher labour productivity than firms in Johor.

The evidence reinforces the evolutionary argumtst institutional and systemic support
is critical to drive learning, innovation and coripeeness in firms. Stronger
institutional and systemic coordination — despithbstates sharing largely similar
federal policies — has helped attract and subsdigueinive higher technological
capabilities and productivity in Penang compareddbor. The evidence also helped to
demonstrate the importance of the systemic quaa pslicy framework to understand
learning and innovation synergies in developingaes}
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