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Abgract

This paper andyses the man inditutiond mechaniams tha foder the emergence and
perfamance of firms in knowledge-intendve sectors in developing countries We use the
empiricd data collected in 2005 and 2006 in the South African computer hardware and
software sectors and the Mdaysan computer hardware sector to illudrate the linkages
between interactive learning and technologica capabilities and how date support plays a
criticd roe in enadling this in the case of knowledge intensve indudries However, as
the andyss in this paper shows, Sate support is not just implementing a s of policies
that succeed dsewhere it is the ability of the date to st up inditutions that reflect a
hamony between knowledge and physcd infrestructure and the formd and informd
inditutiond compensations that are important to, and Sructure the idiosyncratic exchange

processes of deveoping economies.

Key Words Inteactive learning, technologica capabiliies, knowledge, inditutions,
development, innovation, South African hardware and software, Maaysan hardware.
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1. Introduction

This pagper andyzes the determinants of innovation and firm performance resulting from
collabordive learning in the South African and Madaysan computer sector, which
condgs of software and hardware specidized firms. The andyss focuses on two man
propostions. The firg is to examine the well-established notion that the microeconomic
processes of interactive learning leads to innovation even in the context of a latecomer
economy. The second propogdtion is that firms in a latecomer economy require date
support to produce and innovate because markets do not function wdl. In such contexts
policy choices made ae indrumentd in explaning the success falure of sectors.
However, as the andyss in this paper shows, dtate support is not just implementing a set
of policies that succeed dsewhere it is the ability of the date to st up inditutions that
reflect a hamony between knowledge and physicd infragtructure and the formd and
informa inditutiond compensations ae important to, and dructure the idiosyncratic

exchange processes of developing economies.

Essentidly, technica change or innovation is largdy incrementd but nonethdess ussful
in advancing productivity growth and has been dasdfied into three different categories
(Bdl, 1984). Frd we have technicd change that involves the introduction of new
techniques (products and processes) into the economy through new investments in plants
and mechinery. This type of technicd change broadens the indudrid bese of the
economy. The second form of technologicd change involves evolutionary (incrementd)
improvement to exiding techniques by effecting technicd change to exiding products
and third, the generation of new knowledge through reseerch within the firms or within
separate R& D indtitutions.,

So how and wha explains the process by which countries and firms move from one leve
or knowledge doman to the other? The observed dructure of knowledge or sets of
cgpabilities that one finds in an economy is a result of cumuldive technologicd mastery
and invesment efforts made over a long time. In other words, technologica change is a
cumulative and path-dependent process, in order words, nationd or firm levd actions
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taken in previous times condition the current date of cgpabilities. In short technologicd
cgpabilities acquidtion processes are not just drongly cumulative in naure they have
edements of drong pah dependence (Dod, Neson e d. 1988). The conceptud and
empiricdl literature on technologicd capabilities (TC) blossomed in the lae 1980s
received condderable dtention from the mid-1980s through and early 1990s (Westphd,
Kim and Dahlman (1985; Dahlman, RossLarson & d,1987); Ldl, 1990, 1992, Bdl ad
Pavitt, 1993, 1995). Severd authors refined the typologies and daborated upon them but
esentialy the key idess revolve around the same concepts'. The essentid dements of the

framawork are asfollows:

1 TC focuses on efforts to “meke effective use of technologicd knowledge in
production, investment and innovation Westphd, Kim and Dahlman (1985) [p. 171]'.

2. The process has gtrong heuristic dements of feedback from previous experiences to
current dates and as such skills and knowledge gained in previous doman becomes part
of the organizationd memory of firms and nations that creste a new capability doman
resulting in more efficient techniques and systems®.

3. The build up of cgpabilities therefore entals individud and organizationd “learning”
(Ldl, 1987, 1990, 1992; Dahlmen and Wesphd 1982, Kaz 1984, 1987 and Dahimen,
Ross-Lason e d., 1987). The process is re-conceptudized as essentidly efforts by
organizetions to mader technologicd functions though learning driven by explict
invesment.

4. Arms and ndions require explicit investment capabilities in order to identify, prepare,
desgn, s&t up and commisson a new indudrid proect (or an expanson of it). In other
words if the processes of cgpability build up must continue this st of <kills and
experience will be built in a co-evolutionary process with technical capacity.

1 Authors Nelson and Winter (1982) developed the notions of “routines’. Bell (1984), Scott-Kemmis and
Bell (1988), Katz (1987), used “technological capacity” to described the learning processes involved in
building up a minimum base of essential knowledge to engage in innovative activity.

2 Dahlman, Ross-Larson et al., (1987) conceived TC as the ways to use existing technology to produce
more efficiently and to use the experience gained in production and investment to adapt and improve the
technology in use.
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5. As technicd change and innovation do not teke place in isolation and is only possble
within a network of other actors, firms and countries require a sysemic framework. This
has been conceptudized as “linkage capabilities’ which  knowledge and  experience
required to foster interactive learning (see point 3 above) 2

However, capability acquidtion is lagdy driven by interactive learning, which is
conducted with a multiplicity of firms and nonenterprise actors in any sysem. A firm
needs externd knowledge on a continua bass to regenerate itsdf faling which it might
well dagnate or regress. The Stage-wise gradation of firm/country from one levd of
knowledge and technologica cgpability to a next higher one over time reflects the
heurigic feedback loops involved between policdes and inditutions that promote
interactive learning and thus help to build cgpacity. The mode of learning is dso related
to the level of capability that a firm or country has accumulated. The amount of learning
and <ills required to move from the lowest doman of atisand and indigenous
manufacturing to the second lowest knowledge doman of modern manufacturing are
embedded in primay and seconday <schooling cgpadities, agpprenticeship  training,
traning to read engineering desgns and blugorints and organisation of  production.
Severd of these aspects are missing in developing countries — foundary meking, metd
cutting, and 0 on — ae essantid <kills to move to the next higher leve but a hiaus in
svaad mog devdoping countries since they conditute “nodes of learning” (Rosenberg,
1976). To move from hee to the next higher knowledge doman to desgn and re-
engineer products and innovate, one needs not only primary and secondary schooling but
tetiay education that equips individuds with technicd and andyticd skills and public
sector invesments into building basc R&D capabilities for dandards, metrology and
other infragructure. To operate in this doman, a country dso requires dgnificant
entrepreneurid  cgpabilities which act on the ‘demand sde of the maket, and act to
dimulate demand for certan kinds of products (Rodrik, 2007). The learning associaed
with trandgtioning to this knowledge doman is more sysemdic and Systemic, rigorous

% Linkage capabilities are defined as “...the capacity of forging co-operation between managers and
workers within the firm, for securing co-operation between firms in the supply chain, and for
crafting co-opeaive interfaces between firms and the wider inditutiond milieu, be it
locd, regond, or internationd” (Cooke and Morgan 2000).
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and has to be sugtained over a long period of time and capable of being replicated across
sved sectors. It dso requires an unlearning of severd of the conventiond ways of
conducting the innovation budness in these countries. This means new perspectives on
collaboration, public-private partnerships, education system desgn and adminigering of
courses as well as new entrepreneurship models. For a country to move from here to the
find knowledge doman where learning becomes concentrated in R&D activities and can
be measured using conventional indicators, such as patents, skilled employees, and so on.
At this leve, the absorptive cagpacity of firmgentities relies on concentrated efforts in key
fadliies by highly specidised individuds who conduct resserch and design activities
(Cohen and Levinthd, 1990). This is the levd where orthodox messure of R&D as a
source of netiond knowledge begins to apply.

Catching-up is both a mountain dimbing metaphor as it is a marathon chdlenge where
firms and countries practicdly run the gauntlet and whereby falure is codly. The notion
of latecomer therefore dgnifies the fact that the entity (country or firm) is late to meeting
up cetan key cgpabilities compared with both the forerunners as wel as competitors.
Economic higory shows that whereas countries move eeslly from the lowest knowledge
domain to the next higher one, moving further up into knowledge domans thet focus on
incrementd desgn and innovaion and then to frontier innovetion is ridden with lack of
success. Several countries on a supposedly sound catchrup path often do not move as
predicted or regress dong this pah manly due to the inability of these countries to
manage the coordination efforts required in setting up a sound bass to move to the next
knowmedge domain. This is not surprisng snce the efforts required are Sgnificant and
need to be desgned to comba both maket falure and government failure
smultaneoudy. Merdy focusng on indudrid policy that does not teke into account the
scde effects, thresholds of scientigs of engineers and minima dandards of domestic
knowledge infragtructure as wel as conducive policy environment for domestic

innovation are common flaws in latecomer countries.

In this pgper, we use the empiricd data collected in South Africa and Maaysa to
illustrate  these interlinkages between dae policy, technologicd capabilities and
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interactive learning. Sections 2 and 3 present the results of our innovation surveys in the
South Africen and Madaysan computer sectors respectivdly. Our  empirica  andyds
focuses specificaly on factors that impact upon new product development in the sector,
and a discusson on the actors and triggers for innovation. We then discuss the
compardive indghts on learning and collaborative behaviour as wel as dae support in
section 4. The South African data used in this Pgper was collected during a 2006 survey,
which conggts of 82 South African firms from the computer sector of which 19 firms are
computer hardware firms. The Mdaysan data was collected between 2004 and 2006
from two computer dusters namely Penang and Johor* The survey covered 360 firms
from both clugters.

In the empirical andyss, we use t- and ztests to dress the differences between the
software and hardware sectors. In the South African data, we consder a probit modd of
innovation, which is edimated by maximum likedihood and a liner and a censored
regresson modd of economic peformance. The linear regresson mode is edimated
usng ordinary leest squares (OLS), indrumentd vaiadles limited information maximum
likelihood and generdized method of moments, and the censored regresson is esimated
usng maximum likdihood. Findly, we cary out a desriptive andyds udng t- and z-
tests to Sudy the characterigtics that distinguish collaborators from non-collaborators.

2. The South African Computer Sector

In South Africa, emerging hightech activities in the computer sector have a srong
geogrgphic locus, such firms are concentrated in Gauteng and to a less extent in the
Wegtern Cagpe. We condder four types of actor interactions in our anadyss to understand
the innovation dynamics of the sector, namdy: subcontractors, indudtry associations,
man suppliers and buyers. Appendix Table 1 presents the definition of the dependent and
independent  variables used in the innovaion and peformance andyss and Table 6
reports descriptive dtatigics for the whole sample, when contrasted with those of the

* The data collection was carried out by Prof. Rajah Rasiah for one of the authors’ projects. A more
elaborate discussion of theissueisfound in Oyelaran-Oyeyinka and Rasiah (2008), “Uneven Paths of
Development: Learning and Innovationin Asiaand Africa’
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hardware computer firms.

2.1 Sector characteristics
The destriptive datiics presented in gppendix Table 1 show that 66% of dl firms are

involved in new product devdopment while only 37% cary out innovation in the
hardware computer sector. Hence, the percentage of firms that are involved in new
product development in the software sector is much higher than in the hardware sector.
However, productivity, i.e sdes per employee (in millions of $), is higher in the
computer hardware sector than in the computer software sector. In other words, saes per
employee are on average about one million dollars in the whole computer sector and
twice as much in the computer hardware. The figures for export intengty, i.e. the share of
export sdes in totd sdes and increased net profit are on average smilar for the computer
hardware and software sectors. More specificdly, export intendty is (on average) about
17% in the whole sector and 13% in the hardware sector, and net profit increased for 88%
of dl firms and for 84% of the computer hardware firms. In short the propendty to
innovate is far higher in software firms but much overdl amilarities exig in the two sub-
systems.

The descriptive table aso shows that 23% of the firms are computer hardware firms and
dso have the lower percentage of daff with universty or technicd degee (human
cgpitd) compared with the software firms. Not surprising, 73% of workers in the whole
sctor have a universty or technicad degree while the percentage is only 55% in the
hadware sector. The figures for firm dze, upgrade activities technology source,
government support, cusomer demand, technicd cgpability and traning in the whole
sector are contrasted with those of the same variables in the hardware sector. On average
hardware firms are much larger in sSze than oftware firms. More specificdly, the former
are on average three times as large, in terms of employees, and four times as large, in
teems of sdes as firms in the software sector. Second, the percentage of firms that
upgrade with reverse engineering and origind design is on average larger in the software
than in the hardware sub-sector, while firms that upgrade with origind brand is larger in
the latter sub-sector compared with the former. Firms that upgrade with qudlity control
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ae on average Smilar across the two sectors. And findly, when the figures on
technology source of the whole sector is compared we find that software firms depend
more for thar technology on locd expetise and in some cases on a combination of loca
and foreign expetise such as licenang from dients and buyers rddive to hardware firms.
Other sources of technology incdude hiring of skilled employees, collaboration with
universties and public inditutes, and reverse engineering. For hardware firms technology
source is largdy from foreign expetise and component suppliers. The two sub-sectors
draw equdly from joint venture partners, transfer from parent firm and suppliers of

equipment.

2.2. Triggersand Actors. Empirical and Econometric Analysis of Innovation

Innovation was messured by the number of new product and process development
aoplied by the firms in the pagt five years. The survey shows that a rdativey lage
percentage of the firms in the sector can be dassfied as “innovators’, as 66 per cent of
the firms have been involved in a new product devdopment within the last 5 years of
operation, and 76 per cent have developed a new sarvice. Our survey shows that software
firms are more innovaive than hardware firms (75% versus 37%), smdl firms than larger
ones (70% vesus 36%) and those firms recaving dae support tend to be more
innovative than those than do not (76% versus 58%). Also hardware firms seem to be
more focused on sarvice innovation rather than product innovation. This is not surprisng
as mogt hardware activities are based on assembling and digtribution of foreign hardware.

Table 1 shows the didribution of innovation activities rdated to new products and
sarvices and between different classes and size of firms, those that receive support (Sup)

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

Table 1. Typesof Innovation

All Software Hardware  Small Large Sup Nsup

New products 66% 75% 3% 70% BN % 58%

New services 76% 78% 68% 76% 73% 8% 67%
Source: Empirical survey by authors, 2006.
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The survey dso sought to understand the triggers for such innovation; and the extent to
which licenang and foreign support through technica traning contributed to new
product development in the sector. Mot of these new products and services were
obtaned through own in-house devdopment, paticulaly in the case of software firms
whereas hardware companies rdy more often on licensng and foreign technica support
(see table 2). This pattern of behaviour is not surprisng given tha computer
manufacturing remains in a nascent phase in the country as with much of the region.

Table2: 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% 8%
Foreign Technical

Support 17% 17% 16% 17% 18% 18%  15%
Others 6% 3% 16% 6% 4] % D%

Source: Survey by authors, 2006.

Approximately one third of the firms tend to innovate a the globd levd paticulaly the
software firms. This result seems at odds with the lower exporting rate observed for the
software sub-sector. However, the reason lies in the fact that much of ther innovations
were directed a solving locd problems needs and their ability to respond credtivey to
those needs and condrants in the South African and African environments With
innovations driven largey by strong ‘locdisation’ efforts, the incidence of low exports is
not o surprising.

On the various factors that hep build innovative capabilities, the survey finds that qudity
control and reverse engineering are the mgor upgrading paths for the firms surveyed.
Remarkably, 80% of the firms are modly concerned with the qudity control systems
dthough in the mgority of the cases it is an internd qudity control sysem, based on
crossedstaff checks of products before they go into the market. In very few cases (less
than 25%) there is an externd sysem of qudity control, and even in those cases it is
limited to those firms with a parent company or a sngle cusomer. The ‘other’ upgrading
factors involve different dimensgon such as growing interaction with their customers
needs and learning by doing (origind brand) (see table 3).
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Table 3: Naure of Innovaion

All Software  Hardware Smaller Larger Sup Nsup

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

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

Table 4 reports maximum likdihood (ML) edimation results of the probit modd that
sudies the likdihood of being involved in new product development® The estimated
coefficients as well as their standard errors are reported in the fird par of columns while
the dope parameters (margind effects) and their standard errors are reported in the
second pair of columns.

The fird par of columns suggeds that, other things being equa, upgrade using origind
dedgn, the effect of government assdance, collaboraion, overseas technicd training,
and competitive chdlenge from Asa dl have a drong and dgnificat effect on the
likdihood of a firm being involved in new product development. In addition response to
demending cusomers in order to conform to higher qudity dandards has a postive
effect, which is not drongly dggnificant. Fndly, improved capability through more
managerid traning and bedonging to the hardware sector decreases the likdihood of
being involved in new product development.

The second par of columns shows the magnitude of the effects of the explanatory
vaidlles on the likdihood of beng involved in new product development® Ceteris
paribus, involvement in upgrade adtivity paticulaly with regad to origind design,
access to government assdance, investing in oversess technicd training, facing more
demanding customer demand with regard to conformity to standards, and facing severe

> We alway's report estimation results that include only the jointly significant explanatory variables.
® Since all the explanatory variables reported in Table 3 are hinary, their marginal effects are calculated as
discrete changes of those variables from 0 to 1, (see Greene, 2003, page 676 for more details).
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and vey severe chdlenge from Adan comptition Sgnificantly increase the probability
of being involved in new product devdopment by repectivdy 0.385, 0.259, 0.252, 0.215
and 0.233 (see Table 4). In other words competitive pressure is a mgor inducement to

innovae.

Table 4: Probit Edimation results and mergina effects: New product devel opment

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* (0.109)

Cust. dem., conf. to standards 0.816" (0.4298) 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

Significancelevels;  ':10% *:5% **:1%
Source: Empirical survey by authors, 2006.

2.4. Inter-firm Collaboration in South Africa

This section presents only a descriptive andyss of collaboration, as the sample does not
dlow the esimaion of an econometric modd of collaboration.” We identify six types of
collaboration in the sample namedy collaboration with other firms, subcontractors,
indugtry asxodiations, main suppliers, domestic buyers and foreign buyers. Descriptive
daigics show tha admost 100% of the firms collaborate with other firms and with
domedic buyers, 63% collaborate with subcontractors, 57% collaborate with  industry
asocidions 8% collaborae with man suppliers and 54% collaborate with  foreign
buyers.

" The sampleis not sufficiently informative to achieve this.
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Table 5. Corrdation between the types of collaboration

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" 0138 -0.066 1.000
Domestic buyers -0.025 -0.120 -0.136 -0.056 1.000
Foreignbuyers 0.170 0.259** 0187 0.065 0.012 1.000

Significancelevels: T:10% *:5% **:1%
Source: Empirical survey by authors, 2006.

Table 5 presents the corrdation matrix of the Sx types of collaboration. It suggests thet
the gx types of collaboration are hardly sgnificantly corrdaed. Three exceptions are
collaboration with foregn buyers which is pogtivdy, datidicdly, and dgnificantly
corrdated with collaboration with subcontractors and members of Indudry Association,
and collaboration with main suppliers which is postivey, ddidicdly and sgnificantly
corrdlated with collaboration with other firms. Table 6 presents the characterigtics of the
collaborators contrasted with those of the non-collaborators through t and ztests of
equdity of means and percentages across the two populations of firms.

Collaboration with Sub-contractors

The firg par of columns of Table 5 shows the characteristics of collaborators and non-
collaborators with subcontractors. Frms that collaborate with subcontractors have on
average a lager share of export in totd sdes and are older than those that do not
collaborate with subcontractors. The percentage of firms collaborating  with  sub-
contractors  have grester net profits higher product qudity and product innovation
cgpabilities than those that do not. In other words, the 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 characteridics of collaborators and non-collaborators with Industry Associaions are

reported in the second par of columns of the table Frms that collaborate within Industry
Asociaions have on average smdler productivity, and are smdler with respect to the
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three measures of gze then those tha do not collaborate within an Industry Association.

Furthermore, a larger percentage of collaborators receive government asssance and have
product innovaion improved cgpability, while a larger percentage of non-collaborators
have in-house management and locd training. This is not surprisng because it is often
the smdl and medium firms with less internd capabilities that participate more actively
in collective support programmes provided by governments and industry associaions.

Table 6;: The characterigtics of collaborators and non-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 1217 1.435" 0.667" 1662 0.912 0.702 1247
Export intensity 0.098* 0.212¢ 0.128 0.203 0.141 0171 0.003* 0.315*
Increased net profit 0.700* 0.981* 0.857 0.8%4 0.778 0.890 0.789* 0.955*
Sze 79.500 59.577 119.1743 27489 36111 70.658 89.079 47.682
Largefirms 0.200 0.096 0.229" 0.064" 0111 0.137 0.132 0.136
Turnover in 2005 139.782  154.306 317%426 23563" 390322 119239 155886  143.039
Hardware firms 0.267 0.212 0.257 0.213 0111 0.247 0237 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 0132 0.227
Gvt. Assistance 0.100 0.154 0.057* 0.191* 0.111 0.137 0.105 0.159
Capahility, more 0467 0.538 0.543 0.489 0.222¢ 0.548* 0474 0.545
manag. Training
Capability, more 0833 0.712 0.771 0.745 0.556 0.781 0.816 0.705
techn. training
Capability, improve 0533 0.699* 0.714 0.660 0.556 0.697 0.605 0.750
quality
Capability, product 0467 0.763* 0.486* 0.681* 0.556 0.603 0474* 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 0.731 0771" 059" 0.667 0671 0632 0.705
management
Training, overseas 0267 0.404 0.429 0.298 0.111* 0.384* 0.211* 0477*
technical
Training, overseas 0067 0.077 0.114 0.043 0.000 0.082 0.026 0.114
management
Training, loca 0733 0615  0800" 0553 0556 0671 0.737 0591
training
Number of firms 30 52 35 47 9 73 3B 4

The figures are on average statistically and significantly larger for * collaborators, ' non-collaborators.

Source: Empirical survey by authors, 2006
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Collaboration with Main Suppliers

The characterigics of collaborators and non-collaboraiors with main - suppliers  are
reported in the third par of columns of the table. Collaborators in this category tend to
devote more explict invesment to building manegement capability, inhouse and
oversess technicd training compared with the non-collaborators.

Collaboration with Foreign Buyers

Findly the last par of columns of the table shows the characteristics of collaborators and
non-collaborators with foreign buyers. Firms that collaborate with foreign buyers have on
average higher export intengty than those that do not collaborate with foreign buyers.
Furthermore, a larger percentage of collaboraiors have increesed net profit, product
innovation, improved cgpability and oversess technicd training.

In sum, the descriptive andyss of collaboration shows that many characterigics of firms
that are collaborators and those that are non-collaborators are smilar but the partners they
chooe to interact with results in significant differences in terms of performance
behavior. For ingance, firm export intendty is higher for firms that collaborate with
subcontractors and foreign buyers than those who do not collaborate with those same
patners. Also, smdl-szed firms tend to be the mogt intense collaborators with industry
asocidions preumably to lobby for grester support as wedl as  benefit from
governmental subsdies. Firms that collaborate with subcontractors are dso on average
older then the non-collaborators and indulge much more in own product development
and capacity development (such as training). This points out to the need for more support
for younger, nascent firmsin the sector.

2.5. State Support and Callabor ative Behaviour

From our inteviews we find that government support is directed equdly towards
sftware and hardware firms. There ae a few exceptions in the kinds of support
dructures. The survey found that targeted innovation incentives, science park/cluster
advantage, and specid support for smdl and medium enterprises (SMEs) that are directed
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specificdly towards the software sector? while public sector R&D inditutions for
technicd solutions and bank loans are manly directed towards the hardware sector. In
other words, government has had a differentiated approach to the two sub-sectors in
addition to the more generd macro levd support. The man sector-specific governmenta
initiatives are summearized in Box 1 below.

Box 1: Government Initiativesfor |CTsin South Africa

The first attempt to develop a sector-specific initiative can be traced back to the South African
Information Technology Industry Strategy (SAITIS), in 1995. There were stakeholder meetings
conducted on the SAITIS project and the selection of a group of 37 stakeholders as an Advisory
Group to the SAITIS Project. They represented key organizations and agencies with interests in
the sector. The outcome was a Project Design Document (PDD) to guide the direction of the
project and the establishment of a Project Steering Committee (PSC).

The Government of South Africa was aso supported by the Canadian International Development
Agency (CIDA), under its Country Development program for South Africato develop the South
African ICT Sector Development framework in November 2000. Among the numerous goals in
this framework, the ones relevant for the ICT sector were those related to: accelerate growth of
the base of ICT SMEs, focus on regiond growth through clusters, particularly in Gauteng and the
Western Cape (mainly Cape Town), and upgrade local expertise to compete in the regiona and
global markets. Specia emphasis was placed on creating and supporting new entrants particularly
SMEs. Following the release of the ICT Sector Development framework, the ICT Development
Council was established in 2000 by the Department of Trade and Industry. The Strategic
Industrial Projects (SIP) that started in 2001 and is managed by the Department of Trade and
Industry (DTI) provides between 50% and 100% tax alowance to encourage investments from
local and foreign investors. To support firms further, import duties on IT hardware and software
were abolished on 2003. Presently, the firms importing into South Africa only pay a Vadue Added
Tax (VAT) to the South African Qustoms. As hardware firms source technology mostly from
abroad, release from import duties highly benefits South African small firms.

Source: Empirical survey by authors, 2006.

In addition to these, there are a number of provincid initiatives particularly in Gauteng
and Weden Cagoe In the Gauteng province the government launched the Blue 1Q
programme in 2002°. The first phase of the Blue 1Q involved the delivery of 11 strategic
projects, the second phase of commercidisation is expected to be dependet on private
sector participation. One of these projects was the credtion of the Innovation Hub, an ICT
incubator and Scence Pak. The innovaion Hub and other amilar ICT incubating

8 The fact that special support for SMEs is mainly directed towards the software sector makes sense as firms in that
sector are on average smaller than the those in the hardware sector.

9 Through Blue 1Q, 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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activities are a the centre of the technology support services drategy directed to amdl
entrepreneurs  in - Gauteng.  Also, the Western Cagpe Province has recently darted
chdlenging the dominant postion of Gauteng. The Western Cape provincid government,
dong with the Municipdity of Cape Town ae devoting efforts to promote the Western
Cape into a growing hub for ICT activities and various policies are directly focused on
strengthening the sector.

Ovedl, dae policy has been one of nor-intervention dong with catan innovaion
incentives, the computer hardware industry has enjoyed some of the lowest tariff levels.
The flip sde is the lack of manufacturing depth of the domedtic industry, which needs
policy initiatives to be in tandem with the needs of the firms and sectord characteridtics.
Espedidly, given the dominance of a large number of smdl and medium scde enterprises
in the sector, much more than tax holidays are required to sugain the growth and enhance

long term competitiveness.

3. Systemic Collaboration and Performancein Malaysa

In Mdayda, the government established the Kulim and Bukit Jil high-tech parks in the
1990s dthough dusters such as Penang have been in existence dready twenty years prior
to these devdopments. The Mdaysan survey focused the computer and components
clugers in Penang and Johor. Few firms are engaged in assembling computers but most
of the firms are engaged in computer components (eg. capacitors, resstors, PCBs, diodes
and semiconductor chips) and completely knocked down (CKD) pats (eg. monitors
keyboards and LCD screens) assambly.

3.1. State Support and Patterns of Collaboration

In order to atract hightech firms engaged in R&D activities to the clusters and the high-
tech paks the government offered pionee-datus tax incentives. Electronics firms
became the prime bendficary of this initiaive, dthough the rate of take-up has been
relaively low compared to tha of the free trade zones (FTZs) and LMWs. Additiondly,
sysemic coordingtion has been facilitated by drong cooperaion between the dae
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cooperdtions and firms for various requirements in the innovation process and the
comparison between Penang and Johor shows the impact of vaying leves of date
support. For example, the Penang dat€s Penang Devdopment Corporation (PDC)
fadlitates sygemic coordingion amongst firms  through the providon of bedc
infradructure, among others A notable example of this sort of policy coordination is the
joint goproach by the Free Trade Zone Penang Companies Asocidion (FREPENCA)
with PDC. This form of draegic intervention in devedoping infragtructure and other basic
sarvices in Penang over time had been ingrumentd in fogtering technologicd capacity. It
has had the effect of fadlitating trangportation while the other cluser namely Johor has
been unable to acquire comparative capacity to provide such service. As a result of good
physcd infragtructure, the region has succeeded in atracting flagship firms induding
more than ten semiconductor firms to Penang. In contrast, with the exception of ST
Electronics (located in Muar) there are no semiconductor firmsin Johor.

The knowledge infrastructure in Penang is adso better than that in Johor athough the
country in generd does not have a dgnificant number of R&D ldbs and in comparaive
teems lack drong R&D human cepita for the kind of growth that the sector haes
exhibited. Smilar to the firms in South Africa firms in both duders in Mdaysa dso
lern mainly through qudity ocontrol ectivities and reverse enginering. Technologicd
cgpabilities devdoped withn firms in Penang ae dgnificatly higher and  varied
compared with dectronics firms in Johor and this can dso be contributed to the
interactions between locd and foreign firms in the duder. But ovedl, the supply of
R&D and humen cepitd yidded very low means irrespective of location or ownership,
which vdidates the poor human cepitd in Mdaysa'® It is undear if government
announcement in 2006 to provide Multimedia Super Corridor (MSC) daus to Penang
and Johor has effected any changes on firms  conduct on R& D activities.

Degpite this shortcoming it is evident that grester sysemic coordination promoted by the
physcd and other infrasructure supplied by the government with drong support from

10 For instance in various interviews, Intel, AMD, Hewlett Packard and Dell officials in Penang reported in 2004 their
inability to undertake more R& D activities because of limits imposed on the import of foreign human capital.
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the chambers of commerce, FREPENCA and coordinated by the PDC, was insrumentd
to forging relaionships between firms and inditutions in Penang, wheress the same

deficiencies curb the performance of Johor.

Empiricd evidence comparing the two duders (in teble 6) show superior rating for firms
in Penang compared to firms located in Johor in dl the datidicdly ggnificant two-taled
results.  Knowledge infresructure represented by R&D  support waes  datidticdly
inggnificant, which is reflected by a lack of any sort of R&D rdaionships between firns
(both foreign and locd) and R&D inditutions (eg. universty R&D, Mdaysan Inditute
of Microdectronics Sysem and the incubators put up in technology paks by the
govenment). Collaboration between locd firms and dandards organizations is only
statidicdly dgnificant (& 5% levd). Interviews showed that locd firms mainly sought
the international dandards organization 9000 series cetification from the Standards and
Indudtria Research Indtitute of Mdaysa (SIRIM).

Table 7: Systemic Collaboration: Computer and Related Component Firms', Penang and Johor,
2004

Foreign T L ocal t
Johor Penang Johor Penang
Minigtries 2.75 3.05 -1.01 217 2.77 -0.97
Industry 217 3.67 -315¢ 205 3.25 -2.95*
Association
Training 201 3.98 -3.25¢ 215 3.33 -3.02*
inditutions
Universities 103 201 -3.11*
State Development | 2.35 3.57 275 211 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 201 2.15 -0.70 188 254 -2.45%*
Organization
Horizonta inter- 187 245 -268 190 233 -1.88
firm links
Verticd inter-firm | 2.11 2.95 -245* 200 247 -2.01**
links
Complementary 221 3.13 297 202 294 -2.54**
Supplier links
N 332 28 39 37

Source: Empirical Survey, 2004.
Note: Likert scde score of firms (0-5 with from none to highest possble reting); * and **
- gatidicdly sgnificant at 1% and 5% respectively.
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Clearly one of the reasons for the rdaive superiority of Penang is that it was darted
much earlier and for much of this time there has been a conastent higory of invesment
in the clugter since the seventies. For ingtance Penang Electronics was the first eectronics
firm to be dated in 1970, followed by Orion and Nationd Semiconductor in 1971
Investment in Johor however started only from the 1980s. However what marks out the
two are the sies of explicit investments resulting in the more advanced technicd and
inditutiona coordination and knowledge infrastructure that favoured Penang.

4. Compar ative Insghtsand Conclusons

Technologicd learning involves not jugt technicd learning but leaming to build the right
kinds of organizetions and to fodter the inditutiond forms within which policies would
make the expected impact. In the lagt three decades we have learnt a great ded about the
nature and processes by which latecomer countries acquire cgpabilities but we dso have a
long way to go in condructing a framework that sysematicaly tekes account of the
diverse and increesngly differentiated paths of development being taken by latecomers.
Much has been leant through firmleve gudies (Ldl, 1992, Bdl and Pavitt, 1995;
Hobday, 1995) but there is a growing levd of dis-aggregation among latecomers that we
need to begin to address them on this bass For ingdance most of the current work focus
on the success cases of East Ada “advanced’ latecomers to understand the reasons and
different pathways to success while much less has been done on the lagging (“fdling
behind’) firms and ocountries With these ocountries learning hes come to be
conceptudized on the strength of R&D carried out and patents taken just as in the case of
indudridized countries. In the lagging laecomes leaning is difficult to quantify,
measure or even observe because much of the activity, induding incrementa technica
change is expeientid and tacit in nature. At a conceptud level, R&D is not equd to
innovaion as it is a an ingdrument of leaning. Non-R&D adtivities (prototype building,
desgn and qudity teting for ingance) tend to consume a much higher proportion of
firmleve leved invetment in new products and processes and this is highly disconnected
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from the limited R&D taking place in the locd contexts In essence, orthodox meesures

create amideading impression of the learning processes in latecomer countries.

The empiricd results reinforce the role of the date in supporting innovation through
purpodve action, we find evidence of the limitation of the dae in ddiberady building
knowledge infresructure.  Furthermore, the two country andyses show that the focus
should not amply be on enacting a long lig of inditutions that have worked dsewhere,
but rather on the combination of pecific inditutiond locad innovaion as wel as working
on geneaating coherence and harmony of inditutions and policies that bring about
change. The sysemdic andyss of firmleve behaviour in both countries dso shows
cdealy tha sysemic collaboration promotes production and export as wdl as innovetion
performance of firms. This again confirms what the literature tels us in theory and what
has been egablidhed in severd other dudies of this kind. What is novd is tha this
andyss was caried out for laecomer countries in two Separate policy settings with
different higtorica and policy sttings.

4.1. Composition and capabilities accumulation amongst actors

The man actors and cgpabilities in the computer hardware sector are engineers, and
stientists. The core knowledge infragtructure includes scientific |aboratories as well as
desgn and resach centes The avalability of scientific infragtructure,  firms,
univergties and public research indtitutes determine the scope for specidization in any or
dl of the dages of the computer hardware indusry, both physcd and human capita
related, which are specific for each one of its sub-stages'’. Each of these sub-stages
requires different combination of knowledge and ills of actors from various disciplines,
some as diverse as phydcs informatics and computer science required to facilitate
innovation. This scope of diverse actor competences points to the limits of vison and
action that a country might attempt. Fest Followers such as Mdaysa are well able to take
advantage of globd knowledge pool in this sector but this might stretch the resources of
most late comers (group 3).

M1 e sub-stages comprise: (1) product design, (2) component manufacturing, (3) assembly, (4) software
development, (5) marketing, and (6) distribution.
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In Mdaysa, the computers and computer peripherds sector has become one of the fastest
growing sectors with the edablisiment of manufacturing feciliies by globd players like
Ddl, NEC, Samsung, BenQ Technologies, Fujitsu and Mitsumi. Besdes these MNCs, Sx
Mdaysan companies — Nascom, FTEC Sysem, Geak Mobile, Perbadanan Komputer
Nationd Berhad, MIMOS and |-Berhad — ae currently producing Mdaysian brands for
the domesic and export makets. The fird phase of Mdaysas dectronics indusry
induded dmogt no locd firms—except for a few smal ones such as Penang Electronics,
edablished in 1970. Foreign direct invetment (FDI) dominated the smdl meanufacturing
sector, but FDI levels dedined from 1975 until the 1980s, when locd firms who learned
from the presence of foreign firms began to innovate with the help of state support.

Mdaysa has a wel-established supplier indudtries producing components and parts such
a motherboards, disk drives power supply units, connectors printed crcuit board
assemblies, casings, plagic moulded pats and precison meta stamped/machined parts.
On the contrary, South Africal's sector comprises four types of firms

1) A sndl number of growing large indigenous firms, some of which have achieved
multi-nationd datus,

2) Severd State Owned Enterprises (SOES) that are mgor playersin the ICT market;

3) A growing base of smdl and medium enterprises specidizing in ICTs, and,

4) A numbe of foregn-owned multingtiond companies (MNC's) that have established a
presence and business rdaionshipsin South Africa

All these firms interact to different degrees with each other and the preponderance of
foreign firms in South Africa has been patly fostered by ddiberate policy action to
atract foreign direct invesment (FDI). Beween 1994 and 2001, the IT and
telecommunications  sub-sectors attracted the highest share of FDI in the country'2. In

1216 billion Rands (Moleke & al, 2003)
In Nigeria, Mauritius and Indonesia the main actors are small and medium assemblers with little

connection to global CH players.
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goite of this high levd of foreign invesment, the growth of the sector in South Africa is
currently driven by domestic consumption rather than by exports as our survey shows.
The tdephony firms such as Tdkom and Vodacom and Statle Owned Enterprises, for
example Eskom, Transcom, and SABC, have entered into broad ICT activities such as
telecommunications infresructure and sarvices, goplications and content.  These firms
have adepted to the evolving domestic sector and have been largdy driven by loca
consumption compared to Mdaysa where the drategy has been to exploit globd export
market opportunities Smdl firms largdy dominate the sector with little prospects for
ggnificant globd reach. So far, dae policy has been one of non-intervention as the
computer hardware industry has enjoyed some of the lowest taiff levels. The flip sde is
the lack of manufacturing depth of the domegtic indudtry.

4.2. Impact of policy choices on learning

Due in pat to higorica path-dependent factors and more directly as a consequence of
choices made by the date, the nature and attributes of regiond cuders differ in very
many respects and this dso impacts upon ther performance. Policy choices made by
different govenments and in coordingion with other nondate actors have been
indrumenta in shgping the devdopment of the clusters in both countries. For ingtance,
the rdaivdy hands-off approach to indudrid coordingtion by date development
corporations outsde Penang (Mdaysa) limited intendty of inter-firm rdationships and
aso the potentid of other clusters to develop and thrive. The Penang cluster has enjoyed

the most conggent government and private invesment and has therefore had the most

success in terms of systemic cohesion compared with other regionsin Mdaysa

However, the two country examples highlight the limitation of the date in ddiberady
building knowledge infragtructure. States have limited resources and different geographic
zones have evolved from spedific inditutiona settings that may not dl be necessaily
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amendble to uniform policy intevention. The contragting cases of Gauteng and Wedtern
Cape on one hand and Penang Vdley compared with Johor on the other illugtrate this
vay wdl. In South Africa, there is evidence of purposve government intervention a
building knowledge infradructure especidly a regiond levds but the outcomes have
been far different from what obtains in Mdaysa For indance South Africa has hed little
success in computer hardware (CH) manufacturing and export, while Mdaysa has made
mgor drides as a globd export player. In other words, while infragtructure is a necessary
condition it is not sufficient. What counts is the combination of factors as well as the
coherence and harmony of indtitutions and policies thet bring about change.
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Variable Mean (Std. Dev.)  Min. Max. M ean (Std. Dev.) Min. Max.
All firms Hardware computer firms

Product innovator 0.659 (0.477) 0 1 0.368 (0.496) 0 1
Productivity in 2005* 0.995 (1.715) 0.019 13462 2.026 (2.931) 0.167 13.462
Export intensity 0.171 (0.292) 0 1 0.133 (0.2712) 0 0.98
Increased net profit 0.878 (0.329) 0 1 0.842 (0.375) 0 1
Size* 66.866 (159.639) 2 1162 198.316 (290.389) 2 1162
Large firms* 0.134 (0.343) 0 1 0.421 (0.507) 0 1
Turnover in 2005* 148.992 (533.796) 0.075 3500 576.121 (1013.127) 1.200 3500
Hardware firms 0.232 (0.425) 0 1 - - - -
Human capital" 0.725 (0.257) 0.138 1 0.550 (0.281) 0.138 1
Asian competition 0.183 (0.389) 0 1 0.158 (0.375) 0 1
Quiality control 0.378 (0.488) 0 1 0.316 (0.478) 0 1
Upgrade, reverse engineering 0.378 (0.488) 0 1 0.158 (0.375) 0 1
Origindl design’ 0.317 (0.468) 0 1 0.105 (0.315) 0 1
Origina brand* 0.061 (0.241) 0 1 0.158 (0.375) 0 1
Local expertise’ 0.146 (0.356) 0 1 0.000 (0.000) 0 0
Foreign expertise* 0.159 (0.367) 0 1 0.474 (0.513) 0 1
Combination 0.695 (0.463) 0 1 0.526 (0.513) 0 1
Licensing from clients’ 0.744 (0.439) 0 1 0.474 (0.513) 0 1
Buyers' 0.183 (0.389) 0 1 0.053 (0.229) 0 1
Joint venture partner 0.622 (0.488) 0 1 0.474 (0.513) 0 1
Component suppliers* 0.280 (0.452) 0 1 0.579 (0.507) 0 1
Transfer from parent firm 0.146 (0.356) 0 1 0.158 (0.375) 0 1
Managers/skilled employees' 0.866 (0.343) 0 1 0.737 (0.452) 0 1
Suppliers of equipment 0.951 (0.217) 0 1 0.947 (0.229) 0 1
Univ. and public inst.” 0.195 (0.399) 0 1 0.053 (0.229) 0 1
Tech. source, reverse engineering’ 0.512 (0.503) 0 1 0.211 (0.419) 0 1
Guvt. assistance 0.134 (0.343) 0 1 0.158 (0.375) 0 1
Gwt. supp., innov. incentives' 0.280 (0.452) 0 1 0.158 (0.375) 0 1
Gvt. supp., avail. skilled manpower 0.171 (0.379) 0 1 0.158 (0.375) 0 1
Guvt. supp., local univ. for R&D col. 0.220 (0.416) 0 1 0.263 (0.452) 0 1
Gvt. supp., R&D inst. for tech. sol .* 0.073 (0.262) 0 1 0.158 (0.375) 0 1
Gvt. supp., IPP 0.305 (0.463) 0 1 0.263 (0.452) 0 1
Gvt. supp., quality of IT sup. serv. 0.183 (0.389) 0 1 0.158 (0.375) 0 1
Gvt. supp., avail. venture capital 0.232 (0.425) 0 1 0.263 (0.452) 0 1
Gvt. supp., bank loans 0.110 (0.315) 0 1 0.211 (0.419) 0 1
Gvt. supp., innov. subsidy 0.329 (0.473) 0 1 0.263 (0.452) 0 1
Gvt. supp., taxation policy 0.085 (0.281) 0 1 0.105 (0.315) 0 1
Gvt. supp., science clust. advant. 0.537 (0.502) 0 1 0.316 (0.478) 0 1
Gvt. supp., procurement policy 0.232 (0.425) 0 1 0.263 (0.452) 0 1
Gvt. supp., spec. supp. for SMEs' 0.451 (0.501) 0 1 0.316 (0.478) 0 1
Gvt. dem., faster deliv. time 0.561 (0.499) 0 1 0.526 (0.513) 0 1
Gvt. dem., packaging quality' 0.305 (0.463) 0 1 0.158 (0.375) 0 1
Gut. dem., conf. to standards 0.549 (0.501) 0 1 0.474 (0.513) 0 1
Gvt. dem., price 0.634 (0.485) 0 1 0.737 (0.452) 0 1
Gvt. dem., product quality 0.768 (0.425) 0 1 0.684 (0.478) 0 1
Capability, more manag. training 0.512 (0.503) 0 1 0.474 (0.513) 0 1
Capability, more techn. training 0.756 (0.432) 0 1 0.842 (0.375) 0 1
Capability, improve quality 0.683 (0.468) 0 1 0.579 (0.507) 0 1
Capability, product innovation® 0.598 (0.493) 0 1 0.368 (0.496) 0 1
Training, in-house technical 0.927 (0.262) 0 1 0.947 (0.229) 0 1
Training, in-house management 0.671 (0.473) 0 1 0.684 (0.478) 0 1
Training, overseas technical* 0.354 (0.481) 0 1 0.579 (0.507) 0 1
Training, overseas management* 0.073 (0.262) 0 1 0.158 (0.375) 0 1
Training, loca training* 0.659 (0.477) 0 1 0.789 (0.419) 0 1
Number of firms 82 19

"These figures are larger on average in the software sector. * These figures are larger on average in the hardware sector.

Source: Empirical survey by authors, 2006.
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