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Abstract

In investigating the link between R&D and innovatiaata was used from the South African
Innovation Survey of 2001 (SAIS2001). The SAIS208%ults showed that South African
enterprises had a relatively high level of innowmatiwith a low level of R&D related
innovation costs. A cross tabulation was performed a statistically significant link between
innovation and R&D was found. The group of firmsonhnovated had a higher tendency to
conduct R&D. Universities or Public Research Orgations (PROs) — the ‘conventional’
sources of R&D - was rated mostly as unimportanéreal sources of innovation. This is
ascribed to the fact that most R&D that is conddiciteternally is at the experimental
development level and requires little basic or egpiesearch. Sectors also differ in their use
of R&D as a source of innovation.

Based on the abovementioned data, a positive atiorlbetween R&D and innovation was
found in the SAIS2001 data. However, the majorityR&D reported in SAIS2001 is in-
house R&D. In contrast, national R&D programmesuon science intensive industries
where R&D (basic and applied) is an important sewt innovation. These can be easily
guantified by the annual R&D surveys. However, feg hational industry level, the link
between R&D and innovation requires more frequamndgfication as an input into STI
policy. It is therefore recommended that in a digpiag country such as South Africa, R&D
should be closer aligned to enable innovation éasiry level.

l. I ntroduction

South Africa had a strong centrally planned, missidented approach to industrial
development during the pre-1994 era. The missigmaach was aimed at ensuring self-
reliance in specific sectors such as defence, grang food supply. In terms of innovation
policy, the approach could be described as ‘miserented’ rather than ‘diffusion-oriented’
[1]. Between 1990 and 1994 the government droppedrtission oriented approach and as a
result the R&D spending as a % of GDP dropped ftoifb to 0.7% [2]. Post 1994, Science
and Technology was seen as an instrument to heligssithe socio-economic needs in South
Africa. The first formal step towards mobilising $&owards these goals was the White
paper on Science and Technology of 1996, which gstoothers broadened the scope from
S&T to innovation and recognisé&D as crucial to economic growtind improvement of
quality of life. The framework for Science and Trology was based on the concept of a
‘National System of Innovation’, which was embeddethe S&T policy.

The National R&D Strategy of 2002 [2] is specifigafocussed towards increasing
innovation; investing in the science base (humapitaladevelopment and transformation)
and creating an effective government S&T system .



The objectives of the paper are to focus on theMenige creating mechanisms within the
SA NSI, specifically the link between R&D and inmton. The following hypothesis will be
investigated:

H1: Firms who conduct R&D have a higher innovatioterthan those who do not
conduct R&D.

. Innovation theory and hypotheses

Innovation theory develops as the understandinghefinnovation process increases. The

different innovation models were grouped into gatiens [3], as follows:

» First and second generation — dubbatear innovation models - which emphasises
need/market pull and technology push.

» Third generation — dubbed tlseupling model - that emphasises the interaction between
different elements and feedback loops between them.

» Fourth generation — dubbed the parallel lines medelhich emphasisdsnkages and
alliances. It considers linkages and alliances within the fitmpstream with key suppliers
and downstream with demanding and active customers.

» Fifth generation — dubbedystems integration and extensive networking — which
emphasises flexible and customized response, cantminnovation.

The article will focus on the linear innovation neb@s that model is based on the premise

that there is a strong causal link between R&D iandvation.

Linear model

The linear innovation model has been described d¢]the Science Technology and
Innovation (STI) approach which is based on the afseodified scientific and technical
knowledge. The linear innovation model is viewedaasequence of linear, discrete stages.
Research (or science) comes first, then developragut finally production and marketing.
Since research comes first, it is easy to thinthisf as the critical element [5] and innovation
is assumed to be applied science. Technology posirs when new opportunities arise out
of research and gives rise to applications andeefents that end up in the marketplace.
Technology/need pull occurs when the market sigf@something new and this is then
drawn from the research — necessity then beconmeasndither of invention [3].

Some of the problems with the linear model are [5]:

» A chain of causation is generalised, however, ly twlds for a minority of innovations.

 The feedback loops, which occur between the stagede innovation process, are
ignored.

The linear innovation model has been surpassedimplex systems models, as mentioned in
the previous section, which have entrepreneursimg knowledge generation as core
concepts [6] and which focus on the an interacpwecess between firms, customers and
suppliers [4]. However, in the EU innovation poliegvironment, the R&D based indicators
are used rather than the innovation survey indisatae to the continuing power of the linear
innovation model, the structure of the innovatiaport programmes [7] and the fact that
the R&D link to innovation holds mostly for the ence based industries [4].



[1. R& D in South Africa

South Africa has a relatively broad research basa tleveloping country. The University of
Cape Town, founded in 1829, is the oldest universit the country. The Council for
Scientific and Industrial Research (CSIR), thedatd®RO, was formally established in 1946.

The current science policy framework for South édriis that of a National System of

Innovation [2]. Government has committed itselfatthieving an investment of 1% of GDP

on R&D by 2008. In order to focus the R&D efforts $outh Africa and to align R&D

activities with national imperatives, a number ec®r specific initiatives were undertaken

[8]. They include, amongst others, R&D programnteaddress:

* Space sciences and astronomy,

» The disease burden in South Africa,

* ICT,

» Biofuels research and innovation, and

» Specific proposals from South Africa’s public eiefitto extend national capabilities, for
example in cyber-security research.

It should be noted that the abovementioned R&D mnognes are intentionally science
intensive. This implies that the linear innovatimodel can be considered appropriate in this
context.

In order to investigate R&D in South Africa, a nuenbof R&D surveys have been

completed, namely for the periods 1991-92 [9]; 20Q1[10]; 2003-04 [11] and 2004-05

[12]. The 2004/05 R&D survey results show R&D spagdo be 0.87% of GDP [8]. The

R&D survey for 2005-06 is currently underway. In affort to stimulate the use and

investment of the private sector in R&D, a tax teb@r R&D expenditure was increased
from 100% to 150%, and a more favourable regime aveated for the depreciation of R&D

capital expenditure (50:30:20), [8]. The drive rtarease private sector investment in R&D is
based on the belief that most innovation origindtem the private sector and that a ‘lean
state’ is beneficial [13].

The R&D surveys focuses on quantifying and charesitg the R&D activity within South
Africa; however, there is little attempt made toséstigate the link between R&D and
innovation. The only reference to “innovation” falm these documents is that R&D forms
part of the National System of Innovation (NSI).

Two national innovation surveys were also conductkd innovation survey in 2001 [14]
(performed by the University of Pretoria and Eindéim) and the 2005 innovation survey
performed by the Human Sciences Resource Coun8R(). Only the highlights of the
SAIS 2005 [15] have been released to date.

Apart from the official R&D surveys, a number ofpesis have been written on the topic of
R&D in South Africa. Most of the papers focus or #iructure and strength of the R&D base
— stating that once again that R&D forms part ef 8outh African NSI. There are only a few
papers, for example [16], [17] which investigatee tink between R&D and innovation.
They also use the SAIS2001 data.



IV. Empirical analysis

The SAIS2001 survey data was the primary sourcd imsthis research for investigating the
link between R&D and innovation in South Africa.élhesults presented in the Innovation
Survey 2001 report [14] were weighted in order ® fepresentative of the complete
population of South African firms. Direct compamsbetween the two reports is therefore
not possible. The SAIS2001 data sampling, desonpind validity is given in [14] and will
not be repeated again in this paper.

Methodol ogy

The questions in the SAIS 2001 survey that reltad®&D were:

* Q3al: “Define the estimated R&D effort in your firim 2000 (in persons, man-years and
Rand) in South Africa.” This response is used asnditator of internal R&D activity
and quantification (question g3al) of the man-yedéort of internal R&D performed by
the firm. The monetary value of R&D is capturedjBa3.

* Q3b3: “Outsourced research: All creative, systenatisearch conducted to develop
technological innovation ... by third parties by araé your firm...” This response was
used as an indicator of external R&D and quantifica(question g3b4) of the amount of
external R&D conducted in 2000.

Results

In order to investigate this hypothesis that congmmwho conduct R&D have a higher
innovation rate than those who do not conduct R&€&¥ious approaches were followed. The
analysis was based on innovation performance (S#d$2opulation; innovators and non-
innovators) and R&D conductance.

The questions regarding R&D activity in the questiaire related to four R&D categories,
namely:

e Only internal R&D conductelser defined category 1)

¢ Internal and outsourced R&D conducteskr defined category 2)

* Only outsourced R&D conductegser defined category 3)

* No R&D (internally or externally) conducteaser defined category 4)

The variables and the basis of their measureme®fl®2001 are given in Table 1.

Table 1. Variables and the measur ements from the SAI S2001 data
Variable Description / measurement in guestionnaire

Innovator (Y/N) | Did your firm have technologicahiovations in the period 1998-2000? (Y / N).
Internal R&D An estimate of R&D effort in your firrm 2000 in persons in South Afri¢ga
(g3al).
External R&D All creative, systematic research aatdd to develop technologicpl
innovations, including corresponding research awmdtwsre development
conducted by third parties by order of your firn3i§g).

Joint R&D True if both internal and external R&D isonducted, based on the
abovementioned criteria (user defined).
Internal The innovation costs of your firm in 2000, incl.rpennel costs and relatgd

innovation costy investment expenditures (q3a4).




Variable
External R&D
costs

Description / measurement in guestionnaire

All creative, systematic research conducted to Idgvetechnologica
innovations, including corresponding research amdtwsre developmen
performed by third parties by order of your firmclude costs of specialists th
were temporarily employed by your firm to work amovation (q3b4).

—

at

The first investigation was to calculate the dedoré statistics for the level of R&D

conducted and the category of R&D. The resultstierR&D activities per category for the
SAIS2001 sample, the innovators and the non-inmosasre depicted in Table 2. The
percentages reported in the table are the numbé&rnoé who indicated that they conduct
R&D as defined in Table 1. The results show a simitend in the R&D efforts, namely,
when R&D activities took place, it was mostly coothd internally, or jointly or only

outsourced. There is however a large differenceha total level of R&D activities of

innovators (88.5%) compared to that of non-innorsa(89.7%).

Table 2: R& D activities (% firms) from SAIS 2001.

Inter nal Internal & Only Total all
Category R& D alone Outsourced | outsourced R&D NoR&D
R&D R&D
SAIS 2001 all firms 38.9% 18.6% 3.7% 61.2% 37.3%
Innovators 55.2% 29.5% 3.8% 88.5% 10.5%
Non-innovators 20.2% 6.1% 3.6% 39.7% 57.9%

Note: The fact that the rows do not add up to 1@d&ocdue to missing data values.

Within the group that conducted no R&D at all, 28.%f the firms still had innovations,
compared to 57.9% who did not innovate. The peegmbutsourced R&D seems equal in
Table 2. However, when the R&D Rand values as agmage of sales are analysed (Table
3) it is clear that there is a substantial diffeein the level of effort in R&D. Furthermore,
small firms were found to spend higher proportiohsheir sales on innovations than larger
firms [14]. The high level of skewness in the dsttauld be noted.

Table 3: Only Internal and External R& D cost as a per centage of salesin 2000

Mean internal | Mean External
Category R&D cost (% R& D cost Comment
of sales) (% of sales)
i i 1 0, 0,
SAIS 2001 205 0.95 er][_y skewed dIStr(I)butIfOI’I. |4O§0 and 81/(|J
sample (Std error 0.29) (Std error 0.07) of firms were at 0% of sales or Interrja
) ' and external R&D costs respectively.
Very skewed distribution. 10% and 7%
Innovators 3.36 0.45 of firms were at 0% of sales for interrjal
(Std error 0.49) | (Std error 0.14) .
and external R&D costs respectively.
i i 1 0, 0,
Non- 0.744 0.04 Very skewed distribution. 72% and 9%
. of firms were at 0% of sales for interrjal
innovators (Std error 0.28) | (Std error 0.013) .
and external R&D costs respectively.

The R&D continuity per category of R&D conducteddispicted in Table 4. Based on the
percentages, the firms who conduct R&D do it maréess continuously, whether it is only
internal, joint or only external R&D. Of interestthe low level of only external R&D that is
conducted occasionally. This is contrary to theeexgtion that a firm will only conduct
external R&D when the need arise. Instead, thelteesudicate that the firms who only
conduct external R&D do it also on a more or legstiouous basis. The fact that 62% of



firms who conducts joint R&D (Internal and extepnad it on a more or less continuous basis
is a good indicator for internal capacity and &p#ibsorb external knowledge.

The values in the last column in Table 4 seem editting, and therefore the following
explanation is offered. The question stated ‘Oumfis...” with three options to choose from,
namely — “Engaged more or less continuously in R&IEngaged occasionally in R&D”

and “Not conducting any research and/or developin&mms who only conduct external

R&D could have interpreted the question as a) thre fs not itself conducting R&D and

therefore they do not conduct R&D, or b) the fironducts R&D, despite the fact that it is
outsourced, they still pay for it and own the résurhe results for only external R&D should
therefore be used with care.

Table 4: R& D continuity per type of R& D conducted

Conduct
R& D Category R&D conduc_:ted more | - sional Do not
or less continuously R&D conduct R&D
Only internal R&D 48.9% 44.5% -
Joint Internal & external R&D 62.7% 30.1% -
Only external R&D 27.3% 9.1% 45.5%

The continuity of the R&D effort between innovataed non-innovators are depicted in
Table 5. The results indicate clearly that the imtors are inherently accustomed to
conducting R&D (whether it is continuously or onbccasionally). In response to this
guestion, only 8.8% of the innovators do not comdR&D at all. The non-innovators have a
high tendency (53.8%) not to conduct R&D.

Table 5: R& D continuity vs. innovation

R& D conducted more Conduct
Category or less continuously occasional R& D Do not conduct R& D
All sample 32.4% 25.9% 30.2%
Innovators 53.6% 31% 8.8%
Non-innovators 9.0% 20.2% 53.8%

In order to test the correlation between R&D andowation, a cross tabulation was
performed. The results of the data counts are giv@rable 6. The results of the Chi-squared
correlation are given in Table 7. The results iathca statistically significant relationship
between R&D and innovation.

Table 6: Innovationsand R& D conducted

RD activity
R&D No R&D Total
conducted conducted
ggg(;[}echnologlcal innovations in 1998- Yes 271 32 303
No 83 188 271
Total 354 220 574




Table 7. Chi-Square Testsfor Innovation and R& D

Value df Asymp. Sig. (2-sided)
Pearson Chi-Square 209.327(b) 1 .000
Likelihood Ratio 225.875 1 .000
Linear-by-Linear Association 208.962 1 .000
N of Valid Cases 574

a Computed only for a 2x2 table
b 0 cells (.0%) have expected count less tharh&.rinimum expected count is 103.87.

A relationship between R&D category (internal, joexternal, no R&D) and innovation was
found to exist, as is reflected in the Chi-squass tesults in Table 9, the base data is given in
Table 8.

Table 8: R& D category and innovation (data count table)

RD Conducted Category
Internal | Int & ext RE8)L(E) No Total
R&D only R&D R&D
only

g5a Technological

innovations in 1998-200C ves 173 86 12 32 303

No 56 17 10 188 271

Total 229 103 22 220 574

Table 9: Result of Chi-Square Testsfor R& D Type and innovation

Value df Asymp. Sig. (2-sided)
Pearson Chi-Square 215.687(a) 3 .000
Likelihood Ratio 234.101 3 .000
Linear-by-Linear Association 187.044 1 .000
N of Valid Cases 574

a 0 cells (.0%) have expected count less tham&.minimum expected count is 10.39.

Similarly, a positive relationship was found betwelR&D continuity and innovation, as
depicted in Table 10. (The base data is giverainld 5).

Table 10: Result of Chi-squaretestsfor R& D continuity and innovation

Value df Asymp. Sig. (2-sided)
Pearson Chi-Square 193.065(a) 2 .000
Likelihood Ratio 211.556 2 .000
Linear-by-Linear Association 186.626 1 .000
N of Valid Cases 516

a 0 cells (.0%) have expected count less tham&.rinimum expected count is 67.31.

From the above results that the hypothesis is-trtk&t there is a positive link between R&D
and innovation. Further investigation of the relaship between R&D as an external source
of innovation, is only possible for the innovat@ogp, as non-innovators were not required to
complete the full questionnaire.



The firms which rated R&D (Public research orgatiise or universities) as an important
and very important external source of innovatiamg avhich conducts internal and external
research were grouped and analysed. The groumlf #ms consists mainly of four firms
from the manufacturing sector; one is a servicevigey, and the remainder consist of
wholesale firms. The mean of the level of speadil;m was determined - 29% of the
personnel in these firms are considered to be ajpmil and 35% of the personnel in these
firms have been educated at a tertiary level.

Table 11 depicts the data counts of PRO as anreteource of innovation and R&D
category. Table 12 depicts the same informationufoversities as an external source of
innovation.

Table 11: External sources of innovation: PROs and R& D category
RD Conducted Category

Internal I Etx(t& OET(Ity No | Total
R&D R&D | R&D R&D
q8a7_ External source: Source notuse| 117 43 4 25 189
Public research labs
Ot little 21 17 | 2 1 | 4
importance
Important 11 15 0 0 26
Very important 3 5 1 2 11
Total 152 80 7 28 267

Table 12: Data count: External sour ces of innovation: Universitiesand R& D category
RD Conducted Category

Internal | | Etxf‘ OEr)l(Ity No | Total
R&D | pep | R&D | R&P
?J?\?\?elrzs)i(:i?ag]al SOUICe: Source notused| 116 40 5 22 | 183
Of little 23 15 0 2 40
importance
Important 10 20 2 2 34
Very important 2 3 1 1 7
Total| 151 78 8 27 | 264

It is clear that most firms reported the R&D sou(tmiversities and PROS) is not used. A
very small number of firms rated these sourcesag important for innovation.



SAIS 2005

The data for the SAIS2005 is not available for &raid use outside the body that conducted
the survey. However, highlights from South Africasovation survey 2005 [15] state that

~52% (44% in SAIS2001) of South African enterpribasl technological innovations in the

period 2002-2004. In terms of innovation expenditt?.4% of sales (2.6% for SAIS2001)

was spent on innovation activities. The R&D portairthe innovation investment is ~27.8%

(1.55% of total sales in SAIS2001). In SAIS2005, 8% in SAIS2001) of the enterprises

rated Universities and Technicons (Universitieg e€hnology) as highly important and 3%

(3% in SAIS2001) rated public research instituted acience councils as highly important.

From the above cursory comparison, the innovatiticames are relatively similar, although

a large increase in innovative behaviour is regbiteSAIS2005.

V. Discussion

Based on the earlier results, R&D is a familian\digt for innovators as 88% of innovators
conducted R&D. R&D was conducted mostly internagrt jointly and only then externally
or outsourced. This is a desirable distributionrésrnal capacity and capability are firstly
required before firms can enter into joint R&D atties, or even fully outsource R&D.

The definition of R&D is described in [18]. The Bcati manual defines three types of R&D
are defined, namely Type A — basic research; Type &oplied research and Type C —
experimental development. Type A and B research mexlominantly conducted by

universities and PROs. This type of activity, esplcin a developing country is normally

small and often difficult to transfer or to intetgravith the needs of local industry. The SA
R&D survey of 2003/04 [11] states the R&D type disition in South Africa in 2001 as

27% basic research; 40% applied research and 3p&simental development. The relatively
large percentage of basic research could be atdbto the national R&D initiatives (as

discussed earlier) which are science intensive.

In considering R&D in SAIS2001, a bias could beeyated by the fact that R&D is defined
in the broad sense in the questions relating termail and external R&D. However, in the
guestion on the use and importance of externahaian sources and R&D, it is difficult to
derive the complete R&D effort. Universities and ®Rconduct mostly basic and applied
research, and one can easily consider this asnllgdarm of R&D. However, other forms of
R&D might for example be conducted by consultanésy personnel in the group, innovation
centres, sector institutes, etc. As mentioned abthe basic research activity is normally
small and therefore it could lead to the underediion of the importance of R&D as an
external source for innovation.

Secondly, in context of the linear innovation modehere R&D is considered one of the
main inputs to innovation, [19] states that “Exceptsuch industries (pharmaceuticals,
organic and food chemistry, biotechnology and sendactors), scientific knowledge
stemming from basic research is rarely a directtinpto technological innovation.” Such
science intensive firms/industries are not prevalesouth Africa.

The findings in this research seemingly contrattietfindings in [16] which found that R&D
does not have the expected positive outcome orvatiom. One possible explanation for the
difference in results is that this research wasdooted along the delineation of innovators



and non-innovators and the analysis in [16] wasetasn incremental and radical
innovations.

VI. Conclusion

R&D is considered important in South Africa anddtmnductance is measured continuously
through annual R&D surveys. The South African Sdligy focuses its R&D programmes in
science intensive sectors. In these sectors, R& ignportant source of innovation. Part of
the motivation for the R&D investment and emphasighin the South African STI
framework is based on the fact that R&D forms pduthe South African National System of
Innovation. In view of this background, the linletveen R&D and innovation was
investigated.

Descriptive data analysis revealed a strong linkwben R&D and innovation in the
SAIS2001 data, specifically if innovators and nonevators are compared on their level and
continuity of R&D activity. The relationship betwedR&D and innovation was confirmed
through a Chi-square test. The low importancelaited by innovators to the classical R&D
organisations (Universities and PROs) as an extesoarce of innovation, confirms the
existence of the ‘innovation chasm’ and also indisahat a lot of the activities defined as
R&D could actually be experimental development mnegufor incremental innovations.

The national R&D surveys are therefore more suitedjuantify the type of R&D that is
conducted in the national R&D programmes. Howetrex,quantification of the link between
R&D and innovation, at national industry level, gltb be conducted more frequently.
Furthermore, additional instruments and initiatieee required to help apply/implement the
new knowledge created by R&D into the industryra®wations.

Innovation grows the economy and if the purpos®&D is to be part of the South African
NSI, an improved causal link between R&D and innmva will greatly improve the
efficiency of the South African national systemirgiovation.
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