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Abstract

This paper analyses the main institutional mecimasishat foster the emergence and
performance of firms in knowledge-intensive seciordeveloping countries. We use the
empirical data collected in 2005 and 2006 in thetB&frican computer hardware and
software sectors and the Malaysian computer haewactor to illustrate the linkages
between interactive learning and technological bagpias and how state support plays a
critical role in enabling this in the case of knedgde intensive industries. However, as
the analysis in this paper shows, state supparbtigust implementing a set of policies
that succeed elsewhere; it is the ability of treesto set up institutions that reflect a
harmony between knowledge and physical infrastrecand the formal and informal

institutional compensations that are importanataj structure the idiosyncratic exchange

processes of developing economies.
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1. Introduction

This paper analyzes the determinants of innovadimh firm performance resulting from
collaborative learning in the South African and Baian computer sector, which
consists of software and hardware specialized fifile analysis focuses on two main
propositions. The first is to examine the well-bthed notion that the microeconomic
processes of interactive learning leads to innowaéven in the context of a latecomer

economy. The second proposition is that firms itatacomer economy require state



support to produce and innovate because market®dfunction well. In such contexts
policy choices made are instrumental in explainthg success/failure of sectors.
However, as the analysis in this paper shows, stgiport is not just implementing a set
of policies that succeed elsewhere; it is the gbdf the state to set up institutions that
reflect a harmony between knowledge and physidahstructure and the formal and
informal institutional compensations are important and structure the idiosyncratic

exchange processes of developing economies.

Essentially, technical change or innovation isd@ygncremental but nonetheless useful
in advancing productivity growth and has been diaskinto three different categories
(Bell, 1984). First we have technical change thatoives the introduction of new
techniques (products and processes) into the ecpttmough new investments in plants
and machinery. This type of technical change brosd#he industrial base of the
economy. The second form of technological changelwes evolutionary (incremental)
improvement to existing techniques by effectinghtécal change to existing products
and third, the generation of new knowledge throtggearch within the firms awithin
separate R&D institutions.

So how and what explains the process by which cmsnand firms move from one level
or knowledge domain to the other? The observedctsirer of knowledge or sets of
capabilities that one finds in an economy is altefucumulative technological mastery
and investment efforts made over a long time. heotords, technological change is a
cumulative and path-dependent process, in ordedsyarational or firm level actions
taken in previous times condition the current stdteapabilities. In short technological
capabilities acquisition processes are not jusingly cumulative in nature they have
elements of strong path dependence (Dosi, Nelsoal.et988). The conceptual and
empirical literature on technological capabiliti€BC) blossomed in the late 1980s
received considerable attention from the mid-198@sugh and early 1990s (Westphal,
Kim and Dahlman, 1985; Dahlman, Ross-Larson e©8l1 Lall, 1990, 1992; Bell and
Pavitt, 1993, 1995). Several authors refined tipelygies and elaborated upon them but



essentially the key ideas revolve around the sameepts. The essential elements of the

framework are as follows:

1. TC focuses on efforts to “make effective use tethnological knowledge in
production, investment and innovation Westphal, kimd Dahlman (1985) [p. 171].

2. The process has strong heuristic elements albtesk from previous experiences to
current states and as such skills and knowledgeedan previous domain becomes part
of the organizational memory of firms and natiohattcreate a new capability domain
resulting in more efficient techniques and sysfems

3. The build up of capabilities therefore entaildividual and organizational “learning”
(Lall, 1987, 1990, 1992; Dahlman and Westphal 1982z 1984, 1987 and Dahlman,
Ross-Larson et al.,, 1987). The process is re-canakped as essentially efforts by
organizations to master technological functionsugio learning driven by explicit

investment.

4. Firms and nations require explicit investmergatalities in order to identify, prepare,
design, set up and commission a new industrialeptgjpr an expansion of it). In other
words if the processes of capability build up maentinue, this set of skills and

experience will be built in a co-evolutionary presevith technical capacity.

5. As technical change and innovation do not td&eepin isolation and is only possible

within a network of other actors, firms and cowsdrrequire a systemic framework. This

! Authors Nelson and Winter (1982) developed théonstof “routines”. Bell (1984), Scott-Kemmis and
Bell (1988), Katz (1987), used “technological caipd to described the learning processes involired
building up a minimum base of essential knowledgertgage in innovative activity.

2 Dahlman, Ross-Larson et al., (1987) conceived $Gha ways to use existing technology to produce
more efficiently and to use the experience gaimegroduction and investment to adapt and improee th
technology in use.



has been conceptualized as “linkage capabilitieficiv knowledge and experience

required to foster interactive learning (see p8iabove)

However, capability acquisition is largely drivery linteractive learning, which is
conducted with a multiplicity of firms and non-ergase actors in any system. A firm
needs external knowledge on a continual basisgenerate itself failing which it might
well stagnate or regress. The stage-wise gradatiofirm/country from one level of
knowledge and technological capability to a nexghler one over time reflects the
heuristic feedback loops involved between policesd institutions that promote
interactive learning and thus help to build capacithe mode of learning is also related
to the level of capability that a firm or countrghaccumulated. The amount of learning
and skills required to move from the lowest domaih artisanal and indigenous
manufacturing to the second lowest knowledge donshimodern manufacturing are
embedded in primary and secondary schooling caescitapprenticeship training,
training to read engineering designs and blueprand organisation of production.
Several of these aspects are missing in develomngtries — foundary making, metal
cutting, and so on — are essential skills to mavéhe next higher level but a hiatus in
several most developing countries since they ctstinodes of learning” (Rosenberg,
1976). To move from here to the next higher knogédlomain to design and re-
engineer products and innovate, one needs notprimhary and secondary schooling but
tertiary education that equips individuals withheical and analytical skills and public
sector investments into building basic R&D capé#b#i for standards, metrology and
other infrastructure. To operate in this domaincauntry also requires significant
entrepreneurial capabilities which act on the ‘dedhaide’ of the market, and act to
stimulate demand for certain kinds of products ({Ro®007). The learning associated
with transitioning to this knowledge domain is magstematic and systemic, rigorous
and has to be sustained over a long period of éintecapable of being replicated across

several sectors. It also requires an unlearningevkral of the conventional ways of

% Linkage capabilities are defined as “...the capacifyforging co-operation between managers and
workers within the firm, for securing co-operatibatween firms in the supply chain, and for craftoog
operative interfaces between firms and the widstitutional milieu, be it local, regional, or intetional”
(Cooke and Morgan 2000).



conducting the innovation business in these coemtThis means new perspectives on
collaboration, public-private partnerships, edumatsystem design and administering of
courses as well as new entrepreneurship modelsa Eountry to move from here to the

final knowledge domain where learning becomes aatnated in R&D activities and can

be measured using conventional indicators, suglatests, skilled employees, and so on.
At this level, the absorptive capacity of firmsk&es relies on concentrated efforts in key
facilities by highly specialised individuals whorotuct research and design activities
(Cohen and Levinthal, 1990). This is the level veherthodox measure of R&D as a

source of national knowledge begins to apply.

Catching—up is both a mountain climbing metaphoit & a marathon challenge where
firms and countries practically run the gauntled arhereby failure is costly. The notion
of latecomer therefore signifies the fact thatenéty (country or firm) is late to meeting
up certain key capabilities compared with both fill@runners as well as competitors.
Economic history shows that whereas countries neagdly from the lowest knowledge
domain to the next higher one, moving further up iknowledge domains that focus on
incremental design and innovation and then to feontnovation is ridden with lack of
success. Several countries on a supposedly souold-wa path often do not move as
predicted or regress along this path mainly duehwo inability of these countries to
manage the coordination efforts required in settipga sound basis to move to the next
knowledge domain. This is not surprising since efferts required are significant and
need to be designed to combat both market failunel government failure
simultaneously. Merely focusing on industrial pglihat does not take into account the
scale effects, thresholds of scientists of engsmeard minimal standards of domestic
knowledge infrastructure as well as conducive polenvironment for domestic

innovation are common flaws in latecomer countries.

In this paper, we use the empirical data colleagtedsouth Africa and Malaysia to
illustrate these interlinkages between state pplitgchnological capabilities and
interactive learning. Sections 2 and 3 presentébalts of our innovation surveys in the

South African and Malaysian computer sectors rdspdyg. Our empirical analysis



focuses specifically on factors that impact upow peoduct development in the sector,
and a discussion on the actors and triggers fooviation. We then discuss the
comparative insights on learning and collaborabeeaviour as well as state support in
section 4. The South African data used in this Paaes collected during a 2006 survey,
which consists of 82 South African firms from theputer sector of which 19 firms are
computer hardware firms. The Malaysian data wateced between 2004 and 2006
from two computer clusters, namely Penang and Jbfibe survey covered 360 firms

from both clusters.

In the empirical analysis, we use t- and z-teststtess the differences between the
software and hardware sectors. In the South Afrdzta, we consider a probit model of
innovation, which is estimated by maximum likelidoand a linear and a censored
regression model of economic performance. The limegression model is estimated
using ordinary least squares (OLS), instrumentabtées, limited information maximum
likelihood and generalized method of moments, &edcensored regression is estimated
using maximum likelihood. Finally, we carry out asdriptive analysis using t- and z-

tests to study the characteristics that distinga@laborators from non-collaborators.

2. The South African Computer Sector

In South Africa, emerging high-tech activities inetcomputer sector have a strong
geographic locus; such firms are concentrated ot and to a less extent in the
Western Cape. We consider four types of actor acteons in our analysis to understand
the innovation dynamics of the sector, namely: sabactors, industry associations,
main suppliers and buyers. Appendix Table 1 prestet definition of the dependent and
independent variables used in the innovation anfopeance analysis, and Table 6
reports descriptive statistics for the whole samplaen contrasted with those of the

hardware computer firms.

* The data collection was carried out by Prof. R&akiah for one of the authors’ projects. A more
elaborate discussion of the issue is found in gekDyeyinka and Rasiah (2008), “Uneven Paths of
Development: Learning and Innovation in Asia andas”



2.1 Sector characteristics

The descriptive statistics presented in appendbdela show that 66% of all firms are
involved in new product development while only 37%rry out innovation in the
hardware computer sector. Hence, the percentag@#nad that are involved in new
product development in the software sector is mhigher than in the hardware sector.
However, productivity, i.e. sales per employee filions of $), is higher in the
computer hardware sector than in the computer so&wector. In other words, sales per
employee are on average about one million dollarghe whole computer sector and
twice as much in the computer hardware. The figtoesxport intensity, i.e. the share of
export sales in total sales, and increased neit jref on average similar for the computer
hardware and software sectors. More specificaktpoet intensity is (on average) about
17% in the whole sector and 13% in the hardwartoseand net profit increased for 88%
of all firms and for 84% of the computer hardwanen§. In short the propensity to
innovate is far higher in software firms but muateall similarities exist in the two sub-

systems.

The descriptive table also shows that 23% of thmadiare computer hardware firms and
also have the lower percentage of staff with ursdgror technical degree (human
capital) compared with the software firms. Not sisipg, 73% of workers in the whole
sector have a university or technical degree wttike percentage is only 55% in the
hardware sector. The figures for firm size, upgradivities, technology source,
government support, customer demand, technicalbdégaand training in the whole
sector are contrasted with those of the same Jagab the hardware sector. On average
hardware firms are much larger in size than sofwimms. More specifically, the former
are on average three times as large, in terms pfoyees, and four times as large, in
terms of sales, as firms in the software sectocof& the percentage of firms that
upgrade with reverse engineering and original cdesign average larger in the software
than in the hardware sub-sector, while firms th@grade with original brand is larger in
the latter sub-sector compared with the formemBithat upgrade with quality control

are on average similar across the two sectors. fmally, when the figures on



technology source of the whole sector is comparedind that software firms depend
more for their technology on local expertise andame cases on a combination of local
and foreign expertise such as licensing from ciemd buyers relative to hardware firms.
Other sources of technology include hiring of €dllemployees, collaboration with
universities and public institutes, and reversdre®ying. For hardware firms technology
source is largely from foreign expertise and congmbrsuppliers. The two sub-sectors
draw equally from joint venture partners, transfiem parent firm and suppliers of

equipment.

2.2. Triggersand Actors. Empirical and Econometric Analysisof Innovation

Innovation was measured by the number of new prodnd process development
applied by the firms in the past five years. Thevey shows that a relatively large
percentage of the firms in the sector can be dledsas “innovators”, as 66 % of the
firms have been involved in a new product develapmeithin the last 5 years of

operation, and 76 % have developed a new serviges@vey shows that software firms
are more innovative than hardware firms (75% veBi%), small firms than larger ones
(70% versus 36%) and those firms receiving stappaeu tend to be more innovative
than those than do not (76% versus 58%). Alsovarel firms seem to be more focused
on service innovation rather than product innovati®his is not surprising as most

hardware activities are based on assembling amdbdison of foreign hardware.
Table 1 shows the distribution of innovation adies related to new products and
services and between different classes and sifiavtd, those that receive support (Sup)

and those that do not receive state support (NSup).

Table 1: Types of Innovation

All Software Hardware Small Large Sup Nsup
New products 66% 75% 37% 70% 36% 76% 58%
New services 76% 78% 68% 76% 73% 88% 67%

Source: Empirical survey by authors, 2006.



The survey also sought to understand the triggersuch innovation; and the extent to
which licensing and foreign support through techhitraining contributed to new
product development in the sector. Most of these peoducts and services were
obtained through own in-house development, pagrtylin the case of software firms,
whereas hardware companies rely more often ondingrand foreign technical support
(see table 2). This pattern of behaviour is notpssing given that computer

manufacturing remains in a nascent phase in thetgoas with much of the region.

Table 2: Origin of Innovation

All Software Hardware Small Larger Sup  Nsup

Licensing 22% 24% 16% 23% 18% 21% 21%
Own development 88% 95% 63% 92% 64% 91% 85%
Foreign Technical

Support 17% 17% 16% 17% 18% 18% 15%
Others 6% 3% 16% 6% 9% 9% 4%

Source: Survey by authors, 2006.

Approximately one third of the firms tend to innteat the global level particularly the
software firms. This result seems at odds withltlvger exporting rate observed for the
software sub-sector. However, the reason lies enfalet that much of their innovations
were directed at solving local problems needs &ed ability to respond creatively to
those needs and constraints in the South Africath African environments. With

innovations driven largely by strong ‘localisaticefforts, the incidence of low exports is

not so surprising.

On the various factors that help build innovatie@abilities, the survey finds that quality
control and reverse engineering are the major ulggapaths for the firms surveyed.

Remarkably, 80% of the firms are mostly concernetth whe quality control systems,

although in the majority of the cases, it is areinél quality control system, based on
crossed-staff checks of products before they go tiné market. In very few cases (less
than 25%) there is an external system of qualitytrod, and even in those cases it is
limited to those firms with a parent company oirge customer. The ‘other’ upgrading



factors involve different dimension such as growintgraction with their customers’

needs and learning by doing (original brand) (abéet3).

Table 3: Nature of Innovation

All Software Hardware Smaller Larger Sup Nsup

Quality Control 38% 40% 32% 39% 27% 33% 40%
Reverse Engineering 38% 44% 16% 41% 18% 45% 33%
Original Design 32% 38% 11% 37% 0% 45% 23%
Original Brand 6% 3% 16% 4% 18% 3% 8%
Adaptive Engineering 1% 2% 0% 1% 0% 0% 2%
Others 68% 65% 79% 68% 73% 67% 71%

Source: Empirical survey by authors, 2006.
2.3. Factors Affecting New Product Development

Table 4 reports maximum likelihood (ML) estimatiossults of the probit model that
studies the likelihood of being involved in new guot developmert.The estimated

coefficients as well as their standard errors aported in the first pair of columns, while
the slope parameters (marginal effects) and thaindsrd errors are reported in the

second pair of columns.

The first pair of columns suggests that, otherghibeing equal, upgrade using original
design, the effect of government assistance, ami&lon, overseas technical training,
and competitive challenge from Asia all have amjr@and significant effect on the
likelihood of a firm being involved in new produdévelopment. In addition response to
demanding customers in order to conform to higheality standards has a positive
effect, which is not strongly significant. Finallynproved capability through more
managerial training and belonging to the hardwasetss decreases the likelihood of

being involved in new product development.

The second pair of columns shows the magnitudehef effects of the explanatory

® We always report estimation results that includly the jointly significant explanatory variables.
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variables on the likelihood of being involved inwngroduct developmefit.Ceteris
paribus, involvement in upgrade activity particularly witlegard to original design,
access to government assistance, investing in eagrechnical training, facing more
demanding customer demand with regard to conforioitgtandards, and facing severe
and very severe challenge from Asian competitigmificantly increase the probability
of being involved in new product development bypesgively 0.385, 0.259, 0.252, 0.215
and 0.233 (see Table 4). In other words competpressure is a major inducement to

innovate.

Table 4: Probit Estimation results and marginédas: New product development

Variable Coefficient (Std. Err.) Slope (Std. Err.)

Original design 2.125** (0.732) 0.385** (0.083)

Gvt. Assistance 2.255* (0.900) 0.259** (0.083)

Capability, more manag. Training -1.611** (0.494) - (0.115)
0.399**

Training, overseas technical 1.166* (0.542) 0.252* (0.104)

Cust. dem., conf. to standards 0.816 (0.428) 0.215 (0.113)

Asian competition 1.454* (0.648) 0.233** (0.081)

Hardware firms -1.756** (0.609) - (0.190)
0.566**

Intercept 0.070 (0.368) - -

Number of firms 82

Log-likelihood -27.758

Significance levels: ":10% *:5% **:1%

Source: Empirical survey by authors, 2006.
2.4. Inter-firm Collaboration in South Africa

This section presents only a descriptive analysitiaboration, as the sample does not
allow the estimation of an econometric model ofatwbration’ We identify six types of

collaboration in the sample, namely collaboratiorthwother firms, subcontractors,

® Since all the explanatory variables reported ibl@® are binary, their marginal effects are caltad as
discrete changes of those variables from 0 toek Greene, 2003, page 676 for more details).
" The sample is not sufficiently informative to a@¥e this.
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industry associations, main suppliers, domesticelsiyand foreign buyers. Descriptive
statistics show that almost 100% of the firms dwiate with other firms and with
domestic buyers, 63% collaborate with subcontractéi7% collaborate with industry
associations, 89% collaborate with main supplierd &4% collaborate with foreign
buyers.

Table 5: Correlation between the types of collabona

Other Subcont. Indus. Main Dom. For.
firms Assoc. Suppliers Buyers Buyers

Other firms 1.000

Subcontractors 0.044 1.000

Industry Association 0.023 -0.041 1.000

Main suppliers 0.197 0.138 -0.066 1.000

Domestic buyers -0.025 -0.120 -0.136 -0.056 1.000

Foreign buyers 0.170 0.259** 0.187 0.065 0.012 1.000

Significance levels: ":10% *:5% **:1%

Source: Empirical survey by authors, 2006.

Table 5 presents the correlation matrix of thetgpes of collaboration. It suggests that
the six types of collaboration are hardly signifitg correlated. Three exceptions are
collaboration with foreign buyers, which is pos#iy, statistically, and significantly
correlated with collaboration with subcontractongl anembers of Industry Association,
and collaboration with main suppliers which is pesly, statistically and significantly
correlated with collaboration with other firms. Tal® presents the characteristics of the
collaborators contrasted with those of the nonatmators through t- and z-tests of

equality of means and percentages across the tpuaaimns of firms.

Collaboration with Sub-contractors

The first pair of columns of Table 5 shows the alstaristics of collaborators and non-
collaborators with subcontractors. Firms that dmilate with subcontractors have on
average a larger share of export in total sales amedolder than those that do not

collaborate with subcontractors. The percentagefimhs collaborating with sub-

12



contractors have greater net profits, higher prodyeality and product innovation
capabilities than those that do not. In other wptbs more established firms tend to
focus collaboration with an aim to enhance exports and quality and predictably tend to
earn higher net profit.

Collaboration with Industry Associations

The characteristics of collaborators and non-collators with Industry Associations are
reported in the second pair of columns of the tdBilens that collaborate within Industry
Associations have on average smaller productiathg are smaller with respect to the
three measures of size than those that do notbocod#e within an Industry Association.
Furthermore, a larger percentage of collaboratxsive government assistance and have
product innovation improved capability, while adar percentage of non-collaborators
have in-house management and local training. Thisot surprising because it is often
the small and medium firms with less internal calgads that participate more actively

in collective support programmes provided by gowents and industry associations.

13



Table 6: The characteristics of collaborators amt-collaborators

Variable Mean
Subcontractors Industry Main Suppliers Foreign Buyers
Association
No Yes No Yes No Yes No Yes
Product innovation 0.567 0.712 0.571 0.723 0.667 0.658 0.605 0.705
Productivity in 2005  0.609 ~ 1.217  1.435  0.667 1662 0.912 0702  1.247
Export intensity 0.098* 0.212* 0.128 0.203 0.141 0.171  0.003* 0.315*
Increased net profit 0.700*  0.981* 0.857 0.894 0.778 0.890 0.789*  0.955*
Size 79.500 59.577 119.743 27.489 36.111 70.658 89.079 47.682
t
Large firms 0.200 0.096 0.229 0.064 0.111 0.137 0.132 0.136
Turnover in 2005 139.782 154.306 317.426 23.563 390.322 119.239 155.886 143.039
T
Hardware firms 0.267 0.212 0.257 0.213 0.111 0.247 0.237 0.227
Age 4.233*  7.558* 7.543 5.447 4.333 6.589 5.000 7.500
Human capital 0.763 0.702 0.647 0.783 0.736 0.723 0.746 0.707
Asian competition 0.167 0.192 0.143 0.213 0.222 0.178 0.132 0.227
Guvt. Assistance 0.100 0.154 0.057*  0.191* 0.111 0.137 0.105 0.159
Capability, more 0.467 0.538 0.543 0.489 0.222* 0.548* 0.474 0.545
manag. Training
Capability, more 0.833 0.712 0.771 0.745 0.556 0.781 0.816 0.705
techn. training
Capability, improve 0.533* 0.699* 0.714 0.660 0.556 0.697 0.605 0.750
quality
Capability, product 0.467* 0.763* 0.486* 0.681* 0.556 0.603 0.474*  0.705*
innovation
Training, in-house 0.867 0.962 0.914 0.936 0.778* 0.945* 0.895 0.955
technical
Training, in-house 0567 0731 0.771 0596 0667 0.671 0.632  0.705
management
Training, oversea: 0.267 0.404 0.429 0.298 0.111* 0.384* 0.211* 0.477*
technical
Training, oversea: 0.067 0.077 0.114 0.043 0.000 0.082 0.026 0.114
management
Training, local 0.733 0615 0.800 0553 0556 0.671 0.737 0.591
training

14



Number of firms 30 52 35 47 9 73 38 44

The figures are on average statistically and sicanitly larger for *collaboratorspon-collaborators.

Source: Empirical survey by authors, 2006

Collaboration with Main Suppliers

The characteristics of collaborators and non-collators with main suppliers are
reported in the third pair of columns of the talilmllaborators in this category tend to
devote more explicit investment to building managetncapability, in-house and

overseas technical training compared with the ralladgorators.

Collaboration with Foreign Buyers

Finally the last pair of columns of the table shdte characteristics of collaborators and
non-collaborators with foreign buyers. Firms thaltaborate with foreign buyers have on
average higher export intensity than those thahatocollaborate with foreign buyers.
Furthermore, a larger percentage of collaborat@gehincreased net profit, product

innovation, improved capability and overseas tecdirtraining.

In sum, the descriptive analysis of collaboratibowgs that many characteristics of firms
that are collaborators and those that are nonfmmiédors are similar but the partners they
choose to interact with results isignificant differences in terms of performance
behavior. For instance, firm export intensity is higher fimms that collaborate with
subcontractors and foreign buyers than those whoaalocollaborate with those same
partners. Also, small-sized firms tend to be thesimiotense collaborators with industry
associations presumably to lobby for greater supmm well as benefit from
governmental subsidies. Firms that collaborate withcontractors are also on average
older than the non-collaborators, and indulge mondre in own product development
and capacity development (such as training). Thistp out to the need for more support

for younger, nascent firms in the sector.
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2.5. State Support and Collabor ative Behaviour

From our interviews we find that government suppisrtdirected equally towards
software and hardware firms. There are a few exmeptin the kinds of support
structures. The survey found that targeted innowmatncentives, science park/cluster
advantage, and special support for small and meeénterprises (SMES) that are directed
specifically towards the software sectowhile public sector R&D institutions for
technical solutions and bank loans are mainly tiie¢owards the hardware sector. In
other words, government has had a differentiatgatagzh to the two sub-sectors in
addition to the more general macro level suppdre fhain sector-specific governmental

initiatives are summarized in Box 1 below.

8 The fact that special support for SMEs is mainihected towards the software sector makes sense as
firms in that sector are on average smaller tharthibse in the hardware sector.
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Box 1: Government Initiatives for ICTs in South ik

The first attempt to develop a sector-specificiatite can be traced back to the South Afri¢

Information Technology Industry Strategy (SAITIS8),1995. There were stakeholder meeti
conducted on the SAITIS project and the selectioa group of 37 stakeholders as an Advis
Group to the SAITIS Project. They represented k&awoizations and agencies with interests
the sector. The outcome was a Project Design Docu®DD) to guide the direction of th
project and the establishment of a Project SteeCimgmittee (PSC).

The Government of South Africa was also supportethb Canadian International Developmé

Agency (CIDA), under its Country Development pragréor South Africa to develop thgouth

African ICT Sector Development framework in November 2000. Among the numerous goals i

this framework, the ones relevant for the ICT sewtere those related to: accelerate growth
the base of ICT SMEs, focus on regional growthulgtoclusters, particularly in Gauteng and
Western Cape (mainly Cape Town), and upgrade lexpértise to compete in the regional &
global markets. Special emphasis was placed onirgeand supporting new entrants particulg
SMEs. Following the release of th€T Sector Development framework, the ICT Developmen
Council was established in 2000 by the Departmdnirade and Industry. Th&rategic
Industrial Projects (SIP) that started in 2001 and is managed by tepaBment of Trade an
Industry (DTI) provides between 50% and 100% tdavednce to encourage investments fr
local and foreign investors. To support firms ferthimport duties on IT hardware and softw.
were abolished on 2003. Presently, the firms impgiinto South Africa only pay a Value Addg
Tax (VAT) to the South African Customs. As hardwdirens source technology mostly fro
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abroad, release from import duties highly ben&isth African small firms.

Source: Empirical survey by authors, 2006.

In addition to these, there are a number of proalnaitiatives particularly in Gauteng

and Western Cape. In the Gauteng province the gowamt launched th&lue 1Q

programme in 2002 The first phase of the Blue IQ involved the detivof 11 strategic

projects; the second phase of commercialisatiexected to be dependent on private

sector participation. One of these projects wasthation of the Innovation Hub, an ICT

9 Through Blue IQ, the Gauteng local government is investing R3.7 billion in 11 projects for “strategic”
industries and value-added manufacturing to restructure the composition of the provincial economy.
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incubator and Science Park. The innovation Hub atiger similar ICT incubating

activities are at the centre of the technology suppervices strategy directed to small
entrepreneurs in Gauteng. Also, the Western CapwiriRe has recently started
challenging the dominant position of Gauteng. ThesW'rn Cape provincial government,
along with the Municipality of Cape Town are dewgtiefforts to promote the Western
Cape into a growing hub for ICT activities and was policies are directly focused on

strengthening the sector.

Overall, state policy has been one of non-intefeentllong with certain innovation
incentives; the computer hardware industry hasyejsome of the lowest tariff levels.
The flip side is the lack of manufacturing depthtloeé domestic industry, which needs
policy initiatives to be in tandem with the needish@ firms and sectoral characteristics.
Especially, given the dominance of a large numibentall and medium scale enterprises
in the sector, much more than tax holidays areiredquo sustain the growth and enhance

long term competitiveness.

3. Systemic Collaboration and Performancein Malaysia

In Malaysia, the government established the Kulird Bukit Jalil high-tech parks in the
1990s although clusters such as Penang have beaistance already twenty years prior
to these developments. The Malaysian survey foctisedcomputer and components
clusters in Penang and Johor. Few firms are engagagsembling computers but most
of the firms are engaged in computer componengs ¢apacitors, resistors, PCBs, diodes
and semiconductor chips) and completely knockednd¢@KD) parts (e.g. monitors,

keyboards and LCD screens) assembly.
3.1. State Support and Patterns of Collaboration
In order to attract high-tech firms engaged in R&®ivities to the clusters and the high-

tech parks, the government offered pioneer-statxs incentives. Electronics firms

became the prime beneficiary of this initiativethalgh the rate of take-up has been

18



relatively low compared to that of the free tradees (FTZs) and LMWs. Additionally,
systemic coordination has been facilitated by gfr@mooperation between the state
cooperations and firms for various requirementsthia innovation process, and the
comparison between Penang and Johor shows the tingpacarying levels of state
support. For example, the Penang state’s Penangldpwaent Corporation (PDC)
facilitates systemic coordination amongst firmsotlgh the provision of basic
infrastructure, among others. A notable examplthisf sort of policy coordination is the
joint approach by the Free Trade Zone Penang Comegpakssociation (FREPENCA)
with PDC. This form of strategic intervention inve@éoping infrastructure and other basic
services in Penang over time had been instrumenfaktering technological capacity. It
has had the effect of facilitating transportatiohiles the other cluster namely Johor has
been unable to acquire comparative capacity toigeosuch service. As a result of good
physical infrastructure, the region has succeededttracting flagship firms including
more than ten semiconductor firms to Penang. Irtrast) with the exception of ST

Electronics (located in Muar) there are no semicatat firms in Johor.

The knowledge infrastructure in Penang is alsoebdttan that in Johor although the
country in general does not have a significant remd§ R&D labs and in comparative
terms, lack strong R&D human capital for the kinfl gtowth that the sector has
exhibited. Similar to the firms in South Africayrfis in both clusters in Malaysia also
learn mainly through quality control activities anelverse engineering. Technological
capabilities developed within firms in Penang argnisicantly higher and varied

compared with electronics firms in Johor and th& also be contributed to the
interactions between local and foreign firms in thester. But overall, the supply of
R&D and human capital yielded very low means iregsiwe of location or ownership,

which validates the poor human capital in MalaySiat is unclear if government

announcement in 2006 to provide Multimedia Superri@or (MSC) status to Penang
and Johor has effected any changes on firms’ cdaratuBR&D activities.

1% For instance in various interviews, Intel, AMD, Wett Packard and Dell officials in Penang repoiited
2004 their inability to undertake more R&D actigii because of limits imposed on the import of fprei
human capital.
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Despite this shortcoming it is evident that greatgtemic coordination promoted by the
physical and other infrastructure supplied by tbheegnment with strong support from
the chambers of commerce, FREPENCA and coordinatetie PDC, was instrumental
to forging relationships between firms and insiins in Penang, whereas the same

deficiencies curb the performance of Johor.

Empirical evidence comparing the two clusters @blé 6) shows superior rating for
firms in Penang compared to firms located in Joha@&il the statistically significant two-
tailed results. Knowledge infrastructure represeérty R&D support was statistically
insignificant, which is reflected by a lack of asyrt of R&D relationships between firms
(both foreign and local) and R&D institutions (eumiversity R&D, Malaysian Institute
of Microelectronics System and the incubators pptin technology parks by the
government). Collaboration between local firms atdndards organizations is 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 (SIRIM).
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Table 7: Systemic Collaboration: Computer and Rel@omponent Firms’, Penang and Johor,

2004
Foreign T L ocal t
Johor Penang Johor Penang

Ministries 2.75 3.05 -1.01 2.17 2.77 -0.97

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 Developmer] 2.35 3.57 -2.75*% 2.11 2.63 -2.25%*
Corporation

R&D support Units 0.1 0.3 -0.01 0.2 0.5 -0.10

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

Source: Empirical Survey, 2004.

Note: Likert scale score of firms (0-5 with fromneto highest possible rating); * and **

- statistically significant at 1% and 5% respediive

Clearly one of the reasons for the relative supiyi@f Penang is that it was started

much earlier and for much of this time there hasnb& consistent history of investment

in the cluster since the seventies. For instanoameElectronics was the first electronics

firm to be started in 1970, followed by Orion anétidnal Semiconductor in 1971.

Investment in Johor however started only from tB80k. However what marks out the

21



two are the series of explicit investments resgliim the more advanced technical and

institutional coordination and knowledge infrasture that favoured Penang.

4. Compar ative Insights and Conclusions

Technological learning involves not just technilearning but learning to build the right
kinds of organizations and to foster the institaéibforms within which policies would
make the expected impact. In the last three decaddsave learnt a great deal about the
nature and processes by which latecomer countcopsra capabilities but we also have a
long way to go in constructing a framework thattegsatically takes account of the
diverse and increasingly differentiated paths ofeflgoment being taken by latecomers.
Much has been learnt through firm-level studiesll(LE#92; Bell and Pavitt, 1995;
Hobday, 1995) but there is a growing level of digp@gation among latecomers that we
need to begin to address them on this basis. Btarine most of the current work focus
on the success cases of East Asia “advanced” latsoto understand the reasons and
different pathways to success while much less less lwlone on the lagging (“falling
behind”) firms and countries. With these countriesarning has come to be
conceptualized on the strength of R&D carried owt patents taken just as in the case of
industrialized countries. In the lagging latecomdesarning is difficult to quantify,
measure or even observe because much of the gctivifuding incremental technical
change is experiential and tacit in nature. At aceptual level, R&D is not equal to
innovation as it is as an instrument of learningnNR&D activities (prototype building,
design and quality testing for instance) tend tascone a much higher proportion of
firm-level level investment in new products andgasses and this is highly disconnected
from the limited R&D taking place in the local cenrts. In essence, orthodox measures

create a misleading impression of the learninggsses in latecomer countries.

The empirical results reinforce the role of thetesten supporting innovation through
purposive action, we find evidence of the limitatiof the state in deliberately building
knowledge infrastructure. Furthermore, the two dpumnalyses show that the focus

should not simply be on enacting a long list otitntions that have worked elsewhere,

22



but rather on the combination of specific instiwagl local innovation as well as working
on generating coherence and harmony of institutiand policies that bring about
change. The systematic analysis of firm-level bé&havin both countries also shows
clearly that systemic collaboration promotes praiducand export as well as innovation
performance of firms. This again confirms what likerature tells us in theory and what
has been established in several other studiesi®fkthd. What is novel is that this
analysis was carried out for latecomer countrieswn separate policy settings with
different historical and policy settings.

4.1. Composition and capabilities accumulation amongst actors

The main actors and capabilities in the computedware sector are engineers, and
scientists. The core knowledge infrastructure idebiscientific laboratories as well as
design and research centers. The availability aensific infrastructure, firms,
universities and public research institutes deteentine scope for specialization in any or
all of the stages of the computer hardware indugioth physical and human capital
related, which are specific for each one of its-stage$'. Each of these sub-stages
requires different combination of knowledge andlslaf actors from various disciplines,
some as diverse as physics, informatics and commdence required to facilitate
innovation. This scope of diverse actor competemmests to the limits of vision and
action that a country might attempt. Fast Follovsersh as Malaysia are well able to take
advantage of global knowledge pool in this sectdrthis might stretch the resources of

most late comers (group 3).

In Malaysia, the computers and computer peripheedtor has become one of the fastest
growing sectors with the establishment of manufacgufacilities by global players like
Dell, NEC, Samsung, BenQ Technologies, FujitsuMitdumi. Besides these MNCs, six
Malaysian companies — Nascom, FTEC System, Gerakil&oPerbadanan Komputer
National Berhad, MIMOS and I-Berhad — are currepilgducing Malaysian brands for
the domestic and export markets. The first phaséalaysia’s electronics industry

™ The sub-stages comprise: (1) product design, g@ponent manufacturing, (3) assembly, (4) software
development, (5) marketing, and (6) distribution.
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included almost no local firms—except for a few #maes such as Penang Electronics,
established in 1970. Foreign direct investment jRridiminated the small manufacturing
sector, but FDI levels declined from 1975 until #880s, when local firms who learned
from the presence of foreign firms began to innewsith the help of state support.

Malaysia has well-established supplier industriesdpcing components and parts such
as motherboards, disk drives, power supply unitgnectors, printed circuit board
assemblies, casings, plastic moulded parts andspreanetal stamped/machined parts.
On the contrary, South Africa’s sector comprisas types of firms:

1) A small number of growing large indigenous firnsome of which have

achieved multi-national status;

2) Several State Owned Enterprises (SOEs) thatmajer players in the ICT

market;

3) A growing base of small and medium enterprigexiglizing in ICTs; and,

4) A number of foreign-owned multinational compani@MNC’s) that have

established a presence and business relationsh§suith Africa.

All these firms interact to different degrees wéhch other and the preponderance of
foreign firms in South Africa has been partly foste by deliberate policy action to
attract foreign direct investment (FDI). Between949and 2001, the IT and
telecommunications sub-sectors attracted the hightesre of FDI in the countty In
spite of this high level of foreign investment, t@wth of the sector in South Africa is
currently driven by domestic consumption rathemthg exports as our survey shows.
The telephony firms such as Telkom and Vodacom &tade Owned Enterprises, for
example Eskom, Transcom, and SABC, have enteredbirttad ICT activities such as
telecommunications infrastructure and services liegtpns and content. These firms
have adapted to the evolving domestic sector amve lhe@en largely driven by local
consumption compared to Malaysia where the strategybeen to exploit global export

market opportunities. Small firms largely dominaibe sector with little prospects for

1216 billion Rands (Moleke & al, 2003)
In Nigeria, Mauritius and Indonesia the main actmes small and medium assemblers with little cotiorc
to global CH players.
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significant global reach. So far, state policy le®n one of non-intervention as the
computer hardware industry has enjoyed some olothest tariff levels. The flip side is

the lack of manufacturing depth of the domestiastdy.

4.2. Impact of policy choiceson learning

Due in part to historical path dependent factord arore directly as a consequence of
choices made by the state, the nature and attslnfteegional clusters differ in very
many respects and this also impacts upon theilopeence. Policy choices made by
different governments and in coordination with oth®on-state actors have been
instrumental in shaping the development of thetehssin both countries. For instance,
the relatively hands-off approach to industrial rciwation by state development
corporations outside Penang (Malaysia) limitednstiy of inter-firm relationships and
also the potential of other clusters to develop tide. The Penang cluster has enjoyed
the most consistent government and private invastraed has therefore had the most
success in terms of systemic cohesion comparedothtr regions in Malaysia.

However, the two country examples highlight theitation of the state in deliberately
building knowledge infrastructure. States havetaliresources and different geographic
zones have evolved from specific institutional inght that may not all be necessarily
amenable to uniform policy intervention. The costirag cases of Gauteng and Western
Cape on one hand and Penang Valley compared witbr Im the other illustrate this
very well. In South Africa, there is evidence ofrposive government intervention at
building knowledge infrastructure especially atioegl levels but the outcomes have
been far different from what obtains in Malaysiar fhstance South Africa has had little
success in computer hardware (CH) manufacturingexpart, while Malaysia has made
major strides as a global export player. In otherds, while infrastructure is a necessary
condition it is not sufficient. What counts is tbembination of factors as well as the

coherence and harmony of institutions and polithas bring about change.
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Appendix 1:Descriptive statistics of the dependent and independent variables

Variable Mean (Std.  Min. Max Mean (Std. Min.
Dev.) . Dev.)
All firms Hardware computer firms
Product innovatdr  0.659  (0.477) 0 1 0.368 (0.496) 0
Productivity in 2005* 0.995 (1.715) 0.01 134 2.026 (2.931) 0.167
9 62
Export intensity 0.171 (0.292) 0 1 0.133 (0.271) 0
Increased net profi 0.878 (0.329) 0 1 0.842 (0.375) 0
Size* 66.866 (159.639 2 1162 198.31 (290.389) 2
) 6
Large firms* 0.134 (0.343) 0 1 0421 (0.507) 0
Turnover in 2005* 148.992 (533.796 0.07 3500 576.12 (1013.127) 1.200
) 1
Hardware firms  0.232 (0.425) 1

Human capitdl 0.725 (0.257) 1 0.550 (0.281)
Asian competitior  0.183 (0.389)

Quality control 0.378 (0.488)

Upgrade, reverse engineerlr  0.378  (0.488)
Original desigh ~ 0.317  (0.468)

Original brand* 0.061 (0.241)

Local expertise  0.146  (0.356)

Foreign expertise’ 0.159 (0.367)

Combinatiod  0.695 (0.463)

Licensing from clients ~ 0.744  (0.439)

Buyers  0.183 (0.389)

Joint venture partne  0.622 (0.488)

Component suppliers 0.280 (0.452)

Transfer from parent firn  0.146 (0.356)
Managers/skilled employee  0.866 (0.343)
Suppliers of equipmer  0.951 (0.217)

Univ. and publicinst.  0.195 (0.399)

Tech. source, reverse engineefii  0.512  (0.503)
Guvt. assistanct 0.134 (0.343)

Gvt. supp., innov. incentivés  0.280  (0.452)
Guvt. supp., avail. skilled manpow  0.171 (0.379)
Gvt. supp., local univ. for R&L  0.220 (0.416)

0.158  (0.375)
0.316  (0.478)
0.158  (0.375)
0.105  (0.315)
0.158  (0.375)
0.000  (0.000)
0.474  (0.513)
0.526  (0.513)
0.474  (0.513)
0.053  (0.229)
0.474  (0.513)
0.579  (0.507)
0.158  (0.375)
0.737  (0.452)
0.947  (0.229)
0.053  (0.229)
0211  (0.419)
0.158  (0.375)
0.158  (0.375)
0.158  (0.375)
0.263  (0.452)

o
OCOO0OO0OO0O O OO0O0OO0O0OO0O0O0O0OO0O0O0OO0O0O0O0O0O0OOO MmO U
PRRPRRPRRPRRPRPRPRRRPRPRPRPRRRPRERRERRR
©
H
OO0OO0OO0OO0O O OO0OO0OO0OO0OO0OO0OO0OO0OO0OO0OOO0OO0OOO0OOOOOO 8.

col.
Gvt. supp., R&D inst. for teck  0.073 (0.262) 1 0.158 (0.375)
sol.*
Gwvt. supp., IPF 0.305 (0.463) 1 0.263 (0.452)
Guvt. supp., quality of IT sup. ser 0.183 (0.389) 1 0.158 (0.375)
Gvt. supp., taxation polic  0.085 (0.281) 1 0.105 (0.315)
Gvt. supp., science clust. advar  0.537  (0.502) 1 0.316 (0.478)
Gvt. supp., procurement polic ~ 0.232  (0.425) 1 0.263 (0.452)
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Max.

1
13.462

0.98
1
1162

1
3500

RPRRPRRPRPRPRPRPRPRPRPRPRPRPRORRRERRERE B

=

N



Gvt. supp., spec. supp. for SME  0.451 (0.501)
Gvt. dem., faster deliv. tim  0.561 (0.499)
Gvt. dem., packaging qualit  0.305  (0.463)
Gvt. dem., conf. to standarc  0.549 (0.501)
Gvt. dem., price  0.634 (0.485)

Gvt. dem., product qualit  0.768 (0.425)
Capability, more manag. trainir  0.512 (0.503)
Capability, more techn. trainin  0.756 (0.432)
Capability, improve quality 0.683 (0.468)
Capability, product innovatidor ~ 0.598  (0.493)
Training, in-house technici 0.927 (0.262)
Training, in-house manageme  0.671 (0.473)
Training, overseas technica  0.354 (0.481)
Training, overseas managemel  0.073 (0.262) 0.158 (0.375)
Training, local training* 0.659 (0.477) 0.789 (0.419)

0.316  (0.478)
0.526  (0.513)
0.158  (0.375)
0.474  (0.513)
0.737  (0.452)
0.684  (0.478)
0.474  (0.513)
0.842  (0.375)
0579  (0.507)
0.368  (0.496)
0.947  (0.229)
0.684  (0.478)
0579  (0.507)

cNolololoNoNolololoNoNoloNoRe)
PRRPRRRRPRRPRPRRRRRPRRERRR
ocNoNololoNoNoNoleoNoNoNoloNoRa)

Number of firms 82 19

These figures are larger on average in the softeectr. *These figures are larger on averagedrm#rdware
sector.
Source: Empirical survey by authors, 2006.
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