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Model NPAR CMIN DF P CMIN/DF 

Unconstrained 18 3.594 2 .166 1.797 

Structural weights 13 7.257 7 .403 1.037 

Table 5-18: AMOS results Comparing Unconstrained and Structural Weights Models for China and India 

The difference between fit indices that was found between the unconstrained and 
constrained model was 3.663 (7.257-3.594). (df2 - df1 = |7-2| = 5). This value (3.663) 

was less than the critical value of 11.070 (C²(5;050) α = .05) of the chi-square 

distribution for 5 degrees of freedom. Thus, the loadings of China and India were not 
deemed to be significantly different. 
 
The regression weights for the combined dataset of China and India showed that all 
paths were positive and significant – see Table 5-19.  
 

   
Estimate S.E. C.R. p 

Q29 <--- Q15 .292 .061 4.798 *** 

Q27 <--- Q15 .261 .093 2.801 .005 

Q27 <--- Q29 .748 .082 9.095 *** 

Q25 <--- Q27 .042 .017 2.526 .012 

Q25 <--- Q15 .070 .031 2.243 .025 
Table 5-19: Regression Weights for China-India Dataset 

 
5.3.5 Assessment of Normality and Outliers 

 
Normality in the data is generally a conventional assumption in the estimate process 
(Bai and Ng, 2005) as the approximate standard errors used are produced based on 
formulae that depend on normality assumptions. In SEM, one of the main concerns 
about the data is whether the sample has a multivariate normal distribution. This will 
determine what estimation method will be used and to what extent the estimates 
obtained from the most common methods are trustworthy (Gao, Mokhtarian and 
Johnston, 2008). Multivariate normality is when each variable under consideration is 
normally distributed with respect to each other variable.  
 
Higher kurtosis means that more of the variability is due to a few extreme differences 
from the mean, rather than a many small differences from the mean. Balanda and 
MacGillivray (1988:111) state this in another way: “increasing kurtosis is associated 
with the movement of probability mass from the shoulders of a distribution into its 
center and tails.” Data distribution with either a highly skewed nature or with high 
kurtosis is indicative of non-normality which has random effects on specification or 
estimation. 
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Some of the problems associated with high kurtosis include overestimating chi-
squared goodness-of-fit statistics, making inappropriate modifications in theoretically 
adequate models, and findings failing to be replicated thus contributing to confusion 
in research areas (Muthén and Kaplan, 1985; Kline, 2015). The consequences are 
that the regression paths and factors/error co-variances will be statistically significant, 
although they may not be so in reality, due to the standard errors being 
underestimated (Byrne, 2013). This is an area which would need to be investigated 
and it is therefore important that this study is able to confirm that the significance 
levels of the various path models are accurate.  
 
It should also be noted that deviations from multivariate normality may or may not 
affect the results of analysis. Arbuckle (2006) states that a departure from normality 
might be big enough to be significant, but could still be small enough to not have a 
detrimental effect on the results. Bolt (1996) argued that if only the significance of the 
relationships between variables in the model that are important, then these minor 
departures may pose no threat to the conclusions reached in a particular study. It 
therefore needs to be determined whether these departures from normality can be 
justifiably disregarded. The most important aspect is not whether a sample has a 
multivariate normal distribution, but to what extent the hypothesis tests on the 
parameter estimates and the model are trustworthy when the data are multivariate 
non-normal. What needs to be determined is what level of multivariate non-normality 
is acceptable for a reasonably accurate estimation of parameters, standard errors 
and chi-squared statistics. (Gao, Mokhtarian and Johnston, 2008). 
 
The indices of non-normality typically used to evaluate the distribution include: 
univariate skewness, univariate kurtosis, and multivariate kurtosis. Studies suggest 
that problems may occur when univariate skewness and univariate kurtosis approach 
values of 2 and 7 respectively (Curran, West and Finch, 1996). In addition, there are 
no official rules about cut-off criteria to decide just how large skewness or kurtosis 
values must be to indicate non-normality (Finney and DiStefano, 2006). In fact, the 
literature varies greatly on this topic. In AMOS values of 1.96 or less for Mardia’s 
coefficient mean there is non-significant kurtosis. Values > 1.96 mean there is 
significant kurtosis, which means significant non-normality (Gao, Mokhtarian and 
Johnston, 2008). Curran, West and Finch (1996) suggest moderate normality 
thresholds of 2 and 7 for skewness and kurtosis respectively when assessing 
multivariate normality. Kline (2015), however, states that skewness > 3 and kurtosis 
> 10 are “extreme", otherwise probably acceptable. 
 
Using the output from AMOS, the data was checked to see whether it had a 
multivariate normal distribution. For the combined dataset of all three countries, the 
Mardia's coefficient of multivariate kurtosis was 7.840 with a critical ratio of 10.825, 
which indicates multivariate non-normality of the data – see Table 5-20 for the 
assessment of normality for the combined countries data. The assessment of 
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normality for the individual datasets of China and India can be seen in Tables 5-21 
and 5-22 respectively. 
 
 

Variable min max skew C.R. kurtosis C.R. 

Q15 1.000 12.000 2.010 15.698 5.253 20.513 

Q29 1.000 12.000 .628 4.904 -.041 -.160 

Q27 1.000 16.000 .935 7.306 .322 1.257 

Q25 1.000 4.000 .488 3.810 -.787 -3.075 

Multivariate  
    

7.840 10.825 
Table 5-20: Assessment of Normality for Model with all 3 Countries 

 
See also the tables below for the kurtosis values for China and India.  

Variable min max skew C.R. kurtosis C.R. 

Q15 1.000 12.000 2.001 9.133 4.286 9.780 

Q29 1.000 10.000 -.102 -.467 -.994 -2.269 

Q27 1.000 16.000 .281 1.281 -.139 -.317 

Q25 1.000 4.000 .428 1.955 -1.484 -3.387 

Multivariate  
    

1.533 1.237 
Table 5-21: Assessment of Normality for Model for China 

 
 

Variable min max skew C.R. kurtosis C.R. 

Q15 1.000 6.000 1.251 7.203 1.258 3.622 

Q29 1.000 8.000 .524 3.020 .451 1.298 

Q27 1.000 10.000 1.108 6.381 .853 2.456 

Q25 1.000 4.000 .338 1.946 -.325 -.937 

Multivariate  
    

5.931 6.038 
Table 5-22: Assessment of Normality for Model for India 

MLE has been found to produce relatively accurate parameter estimates under 
conditions of non-normality (Finch, West and MacKinon, 1997), however both the χ² 
statistic and standard errors tend to exhibit bias as non-normality increases (Bollen, 
1989; Finch, West and MacKinon, 1997). So how does one go about determining 
whether the multivariate normality affected the results in this study? 

There are some steps in AMOS that can be taken if it is assessed that the data are 
not normally distributed. These include: 

• Alternate approaches/methods like unweighted least squares (ULS) or 
asymptotically distribution free (ADF) estimation.  
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• Using the bootstrap method to generate parameter estimates, standard errors 
of parameter estimates, and significance tests for individual parameters. 

Alternate Approaches for Non-Normal Conditions 

Fundamentally different approaches have been developed to address the problems 
associated with MLE under non-normal conditions. In order to further investigate the 
effect of multivariate kurtosis and non-normality of the data, the original proposed 
model was run using ULS and ADF estimation methods which produce results not 
reliant on normally distributed data. See results below in Table 5-23 and 5-24 for the 
three countries data combined. 
 
 

   
Estimate 

Q29 <--- Q15 .272 

Q27 <--- Q15 .242 

Q27 <--- Q29 .682 

Q25 <--- Q27 .045 

Q25 <--- Q15 .059 
Table 5-23: Regression Weights using ULS Estimation Method 

 

   
Estimate 

Q29 <--- Q15 .258 

Q27 <--- Q15 .148 

Q27 <--- Q29 .438 

Q25 <--- Q27 .154 

Q25 <--- Q15 .122 
Table 5-24: Standardised Regression Weights using ULS Estimation Method 

The disadvantage of the ULS method is that it doesn’t give any probabilities or fit 
indices. 
 
Browne (1984) developed an asymptotically distribution free (ADF) estimation 
method that relaxes distributional assumptions and yields a model test statistic, 
TADF. At large sample sizes (>5000) TADF operates as expected, yielding observed 
Type I error rates (i.e. null hypothesis is true, but is actually rejected), at the nominal 
level (Curran, West and Finch, 1996). However, with large models and small to 
moderate sample sizes, ADF has been shown to be problematic; it tends to yield high 
rates of non-convergence and improper solutions when minimising the ADF fit 
function. In addition, TADF appears to reject true models too often, yielding Type I 
error rates as high as 68% under some sampling conditions (Curran, West and 
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Finch, 1996). See results of the ADF method below in Tables 5-25 and 5-26 for the 
data of the three countries combined. 
 

 
   

Estimate S.E. C.R. p 

Q29 <--- Q15 .272 .054 5.008 *** 

Q27 <--- Q15 .234 .089 2.635 .008 

Q27 <--- Q29 .684 .079 8.641 *** 

Q25 <--- Q27 .045 .018 2.426 .015 

Q25 <--- Q15 .059 .028 2.104 .035 
Table 5-25: Regression Weights using ADF Estimation method 

 

   
Estimate 

Q29 <--- Q15 .258 

Q27 <--- Q15 .143 

Q27 <--- Q29 .441 

Q25 <--- Q27 .150 

Q25 <--- Q15 .121 
Table 5-26: Standardised Regression Weights using ADF Estimation Method 

A summary of the different standardised regression weights obtained is found in 
Table 5-28 which shows that there were only slight differences using the three 
different methods for the data of the three countries combined. 
 

 
 

Path 
 

ML ULS. ADF 

Q29 <--- Q15 .257 .258 .258 

Q27 <--- Q15 .148 .148 .143 

Q27 <--- Q29 .437 .438 .441 

Q25 <--- Q27 .149 .154 .150 

Q25 <--- Q15 .118 .122 .121 
Table 5-27: Summary of Standardised Regression Weights using Different Estimation Methods. 

As a further test, the top 5 cases with the highest kurtosis scores were removed and 
the original model analysed. The results are seen in Table 5-29 for the three 
countries’ data combined. 
 

Variable min max skew C.R. kurtosis C.R. 

Q15 1.000 9.000 1.358 10.537 1.521 5.897 

Q29 1.000 12.000 .649 5.034 .018 .068 

Q27 1.000 16.000 .933 7.236 .318 1.232 
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Variable min max skew C.R. kurtosis C.R. 

Q25 1.000 4.000 .503 3.905 -.759 -2.943 

Multivariate  
    

4.147 5.687 
Table 5-28: Assessment of Normality for Model with 5 Highest Kurtosis Scores Removed. 

By removing the top 5 highest kurtosis scores, there was a noticeable 47% reduction 
in multivariate kurtosis, however, these 5 cases were examined in detail, but no 
reason to exclude the data could be found. The reduction in multivariate normality 
does not have a noticeable effect on the GFI, NFI, incremental fit, and CFI while it did 
lead to a decrease of 14% in the chi-squared statistic (see Table 5-29 below).  
 

Fit Measure 
Model 

Default  Kurtosis 

Chi Square 

 

0.678 0.583 

Chi Square p-value 

 

0.41 0.445 

NFI 

 

0.995 0.996 

IFI 

 

1.002 1.003 

CFI 

 

1 1 

RMSEA 

 

0 0 

SRMR 

 

0.0116 0.0109 

GFI 

 

0.999 0.999 

AGFI   0.991 0.992 
Table 5-29: Comparison of Fit Indices 

 
5.3.6 Bootstrapping:  

 
A further approach to overcome the problem of the existence of multivariate non-
normal data is to use a method known as "bootstrap" (Yung and Bentler, 1996; 
Byrne, 2013). The bootstrap sampling distribution allows for comparison of 
parametric values over repeated samples that have been drawn from the original 
sample. The bootstrap method does not depend on any assumption regarding the 
distributional form of the population and can be used to generate an approximate 
standard error for many statistics without having to satisfy the assumption of 
multivariate normality. Yung and Bentler (1996) considered the bootstrap’s potential 
for obtaining robust statistics in SEM. Bollen and Stine (1992) expanded the use of 
the bootstrap to estimate the standard errors of the estimates of standardised 
regression coefficients, as well as of direct, indirect, and total effects. The AMOS 
program was the first to offer bootstrap-derived robust statistics as an alternative to 
normal theory hypothesis-testing methods, providing both standard errors and an 
adjusted model test statistic p-value (Nevitt and Hancock, 2001).  
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The bootstrap method was applied to the original proposed model in Figure 5-7 with 
all three countries’ combined data. In this process, 1000 bootstrap samples were 
generated. The bootstrap standard errors for regression weights of the combined 
countries dataset are presented in Table 5-30.  
 

Parameter SE SE-SE Mean Bias SE-Bias 

Q29 <--- Q15 .054 .001 .273 .003 .002 

Q27 <--- Q15 .088 .002 .246 .002 .003 

Q27 <--- Q29 .081 .002 .679 -.002 .003 

Q25 <--- Q27 .019 .000 .043 -.001 .001 

Q25 <--- Q15 .028 .001 .057 -.001 .001 
Table 5-30: Regression Weights for all 3 Countries – Bootstrapping 

The table lists the bootstrap estimate of the standard error for each independent 
variable in the model. The second column represents the standard error of the 
parameter estimates computed across the number of bootstrap samples drawn. The 
column, labelled SE-SE provides the approximate standard error of the bootstrap 
standard error itself. These values were very small indicating that the standard errors 
were estimated with a reasonable level of accuracy. Column four, labelled Mean, lists 
the mean parameter estimates computed across the 1000 bootstrap samples. The 
column, labelled Bias, represents the differences between the bootstrap mean 
estimates and the original estimates. These values are very small for all of the cases 
and the low bias indicates that the maximum likelihood estimates and the bootstrap 
estimates are very close to each other. The last column, labelled SE-Bias, reports the 
approximate standard error of the bias estimate. (Melesse and Zewotir, 2013). For all 
the cases the estimated bias is smaller in magnitude than its standard error. This 
indicates that there is little evidence that the regression weights are biased. 
Bootstrapping was used for all three countries as well as for the individual country 
datasets of China and India. 
 
The bootstrap confidence intervals are presented in Table 5-31 for the combined 
countries’ dataset. The bias-corrected confidence intervals are used because these 
intervals are considered to yield more accurate values than percentile confidence 
intervals (Efron and Tibshirani, 1994). The confidence intervals for all paths of the 
combined countries dataset do not include zero. It can therefore be concluded that 
the regression weights of these dependent variables are significantly different from 
zero. The value of p in the 'p' column of Table 5-31 indicates that a 100(1-p)% 
confidence interval would have one of its end points at zero (Melesse and Zewotir, 
2013). In this sense, the p-value can be used to test the hypothesis that an estimate 
has a population value of zero. In this case the relationship between Q15 and Q25 
has a p-value 0.048, which means that a 95.52% confidence interval would have a 
lower boundary at zero. 
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Parameter Estimate Lower Upper p 

Q29 <--- Q15 .271 .170 .386 .002 

Q27 <--- Q15 .244 .073 .410 .008 

Q27 <--- Q29 .681 .520 .841 .001 

Q25 <--- Q27 .044 .010 .083 .016 

Q25 <--- Q15 .057 .001 .109 .048 
Table 5-31: Regression Weights for all 3 Countries – Bootstrapping Confidence Intervals 

 
In other words, a confidence interval at any level less than 95.52% such as 95% or 
90% would not include zero, and therefore reject the hypothesis that the regression 
weight is zero for a 90% confidence interval. For the relationship of the other 
independent variables the hypothesis is rejected at a 95% confidence level. 
Therefore, by applying the bootstrap method, it can be seen that the dependent 
variables had a significant effect on the independent variables of the model. This 
result also agreed with the result obtained using the maximum likelihood method.  
 
It is also of interest to evaluate the appropriateness of the hypothesised model itself. 
Bollen and Stine (1992) provided a means of testing the null hypothesis that the 
specified model was correct. The Bollen-Stine bootstrap corrected p-value was 0.446 
(0.268 for China-India). This corrected p-value indicates that the hypothesised model 
should not be rejected. This result is also in agreement with the maximum likelihood 
results. 
 
5.3.7 Model 1 Summary 

 
The model fits of the combined countries as well as the individual countries were all 
shown to be good for the conceptual model 1. A specification search revealed that 
there was value in adding another variable (Q22 – innovation types) to the model. A 
multiple group analysis revealed that the loadings for SA, India and China were not 
deemed to be significantly different with respect to the proposed model indicating that 
there is measurement invariance between the countries.  
 
There also appeared to be evidence that the data could have been non-normally 
distributed. The higher kurtosis value could possibly have led to inappropriate 
modifications to the model and skewed results. The results from a number of different 
methods and approaches showed that the effect on the results was very small and 
that the parameter estimates has very little bias when the bootstrapping technique 
was used. 
 
Table 5-32 compares the standardised regression weights across all four datasets. 
For the path between strategic complexity and diversity of innovation-directed 
transactions (Q15-Q29), China has the lowest strength relationship and India the 
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strongest. For the link between strategic complexity and diversity of knowledge 
sources (Q15-Q27), India has a noticeably stronger relationship than the other 
groups, but was weaker than the others in the relationships linking the different 
variables to the breadth of impact of innovation. The combined countries datasets 
showed a very strong positive effect between diversity of innovation-directed 
transactions and diversity of knowledge sources. 
 
 

   
All 3 China-India China India 

Q29 <--- Q15 .257 .258 .169 .292 

Q27 <--- Q15 .148 .139 .105 .229 

Q27 <--- Q29 .437 .452 .255 .290 

Q25 <--- Q27 .149 .142 .159 .093 

Q25 <--- Q15 .118 .126 .142 .096 
Table 5-32: Standardised Regression Weights Comparison for all Datasets 

 

   
All 3 China-India China India 

Q29 <--- Q15 *** *** .056 *** 

Q27 <--- Q15 .002 .005 .228 *** 

Q27 <--- Q29 *** *** .003 *** 

Q25 <--- Q27 .005 .012 .072 .207 

Q25 <--- Q15 .026 .025 .109 .195 
Table 5-33: Significance of Different Country Datasets 

 

   
All 3 China-India China India 

Q29 <--- Q15 .002 .002 .015 .004 

Q27 <--- Q15 .008 .024 .340 .005 

Q27 <--- Q29 .001 .002 .003 .001 

Q25 <--- Q27 .016 .024 .055 .246 

Q25 <--- Q15 .048 .068 .143 .242 
Table 5-34: Regression Weights Bootstrapping Confidence Intervals - P values 

 
For the China dataset there was only one significant relationship, at 1% (Q29-Q27). 
India, on the other hand, had three significant relationships with Q15-Q29 and Q15-
Q27 being stronger than the others – see Tables 5-32 and 5-33. There were differing 
results for the individual countries, but with all the data combined together the results 
showed significant relationships for all paths as all three countries and China-India 
combined showed very similar relationships with all five paths being significant and of 
similar strength. The bootstrapping results were fairly consistent with those of MLE 
as can be seen from Table 5-34. 
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5.4 Model 2 – including Innovation Types  

 
Due to the fact that the model fit and regression weights of Model 1 showed some 
improvements by adding Q22 (diversity of innovation types) during the specification 
search in the previous section, there was potential to further add to the theory 
concerning the relationships that exist between the variables. Based on the Model 1 
results and together with the work done by Cohen and Malerba (2001), Gunday, et 

al., (2011), and Varis and Littunen (2010), linking multiple knowledge sources and 
multiple innovation types to overall innovation importance, a more complex model 
was hypothesised whereby both Q22 and Q25 (breadth of innovation impact) were 
incorporated together in one model. This would now add the following interactions to 
the conceptual model: 
 
Complexity of innovation strategy (Q15) and diversity of innovation types (Q22) - H6 
Diversity of knowledge sources (Q27)) and diversity of types of innovation (Q22) - H7 
Diversity of innovation-related transactions (Q29) and diversity of types of innovation 
(Q22) – H8 
Diversity of types of innovation (Q22) and breadth of impact of innovation (Q25) - H9 
 
The new proposed model can be seen in Figure 5-10. 

 
Figure 5-10: Proposed Model showing the Inclusion of Innovation Types as a Variable 
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5.4.1 Model Fit 

 

Fit Measure 
Model 

Proposed Saturated 

Chi Square 1.57 0 

Chi Square p-

value 0.456   

NFI 

 

0.995 1 

IFI 

 

1.002 1 

CFI 

 

1 1 

RMSEA 

 

0   

SRMR 

 

0.0166 0 

GFI 

 

0.998 1 

AGFI   0.987 1 
Table 5-35: Model Fit for Complex Model with Q22 and Q25 

 
Level of Model Fit Overall Model Fit 

Model Fit Model Comparison 

Fit Measures Cmin/df RMSEA NFI ILI CFI 

Acceptable scale for 

good as well as 

adequate fit 

< 2 
< 0.06 (reasonable 

up to 0.08) 
> 0.95 > 0.95 > 0.95 

Composed model fit 0.785 0 0.995 1 1 

Table 5-36: Summary of Model Fit for Complex Model with Q22 and Q25 

 
From Table 5-35 and 5-36 it can be seen that Cmin = 1.570, df = 2; Cmin/df = 0.785, 
RMSEA = 0, NFI, IFI, CFI all above 0.95 and SRMR = 0.0166 all indicate a very good 
model fit suggesting that the model is acceptable without any modifications.  
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5.4.2 Parameter Estimates 

 

  

Hypothesis Paths 

SEM Output Proposed Model 

Results ß� 
 Estimate 

SE C.R. p 

H1 
The more complex the innovation 

strategy, the broader the impact of 

innovation 

Q25  <---   Q15  0.054 0.025 2.124 0.034 Supported 

H2 

The more complex the innovation 

strategy, the more diverse are the 

sources of technology and 

knowledge 

Q27   <---  Q15  0.244 0.077 3.158 0.002 Supported 

H3 Not applicable to Model 2             

H4 

The more complex the innovation 

strategy, the more diverse are the 

innovation-directed transactions 

Q29   <---  Q15  0.271 0.053 5.076 <0.001 Supported 

H5 

The more diverse the innovation-

directed transactions, the more 

diverse of the sources of 

technology and knowledge 

Q27   <---  Q29  0.681 0.073 9.304 <0.001 Supported 

H6 

The more complex the innovation 

strategy, the more diverse the type 

of innovations introduced 

Q22  <---   Q15  0.141 0.070 2.024 0.043 Supported 

H7 

The more diverse the sources of 

technology and knowledge, the 

more diverse the type of 

innovations introduced 

Q22   <---  Q27  0.450 0.047 9.609 <0.001 Supported 

H8 

The more diverse the innovation-

directed transactions, the more 

diverse the type of innovations 

introduced 

Q22   <---  Q29  0.113 0.073 1.557 0.119 
Not 

Supported 

H9 

The more diverse the types of 

innovations introduced, the 

broader the impact of innovation  

Q25   <--- Q22 0.061 0.017 3.692 <0.001 Supported 

Table 5-37: Regression Weights for Proposed Model 2 

All paths except for Q29-Q22 (H8) are significant (p<0.05). Consequently, the 
hypotheses proposing the existence of significant relationships between innovation 
strategy, knowledge sources, innovation types and breadth of impact of innovation 
are all supported apart from innovation-directed transactions having a significant 
effect on innovation types (Q22).  

Table 5-37 depicts the positive and significant link between the complexity of 
innovation strategy and the breadth of impact it has on innovation (ß� = .054, p = 
.034), in support of H1. The path analysis results also indicate a positive and 
significant link between complexity of innovation strategy and diversity of innovation-
directed transactions, (ß� = .271, p < .001), in support of H4 and diversity of sources of 
technology and knowledge, in support of H2 (ß� = .244, p = .002). The statistics 
regarding the links between the diversity of innovation-directed transactions and the 
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diversity of sources of technology and knowledge in support of H5 (ß� = .681, p < 
.001) indicate that a firm conducting more diverse innovation transactions achieved a 
greater diversity of technology and knowledge sources. 
Complexity of innovation strategy (ß� = 0.141, p = .043) and diversity of knowledge 
sources (ß� = 0.450, p < .001) had significant effects on the diversity of innovation 
types introduced by a firm in support of H6 and H7 respectively, whereas innovation-
directed transactions did not (ß� = 0.113, p = .119) for H8. There was also a positive 
and significant link between the diversity of innovation types and the breadth of 
impact of innovation (ß� = 0.061, p < .001) indicating that a firm producing a higher 
number and novelty of innovations was likely to achieve a broader impact of the 
strategies employed to access the different markets.   
 
Looking at the strength of the effects, reflected by the estimates (standardised 
regression weights) in Table 5-38 below, it appears that the path between innovation-
directed transactions and sources of technology and knowledge (0.437), as well as 
the relationship between sources of technology and knowledge and diversity of 
innovation type introduced by the firm (0.482), demonstrate the greatest effect.  
 
 

   
Estimate 

Q29 <--- Q15 .257 

Q27 <--- Q15 .148 

Q27 <--- Q29 .437 

Q22 <--- Q27 .482 

Q22 <--- Q15 .092 

Q22 <--- Q29 .078 

Q25 <--- Q22 .193 

Q25 <--- Q15 .111 
Table 5-38: Standardised Regression Weights for Complex Model with Q22 and Q25 

 

 
Q15 Q29 Q27 Q22 

Q29 .257 .000 .000 .000 

Q27 .148 .437 .000 .000 

Q22 .092 .078 .482 .000 

Q25 .111 .000 .000 .193 
Table 5-39: Standardised Direct Effects for all 3 Countries 
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Q15 Q29 Q27 Q22 

Q29 .000 .000 .000 .000 

Q27 .112 .000 .000 .000 

Q22 .146 .211 .000 .000 

Q25 .046 .056 .093 .000 
Table 5-40: Standardised Indirect Effects for all 3 Countries Combined 

 

 
Q15 Q29 Q27 Q22 

Q29 .257 .000 .000 .000 

Q27 .261 .437 .000 .000 

Q22 .238 .289 .482 .000 

Q25 .157 .056 .093 .193 
Table 5-41: Standardised Total Effects for all 3 Countries Combined 

 
Path analysis distinguishes between three types of effects (Xue, 2007): 

• Direct effects – association of one variable with another, net of the indirect 
paths specified in the model 

• Indirect effects – association of one variable with another mediated through 
other variables in the model 

• Total effect – direct effect plus indirect effect(s) 

Looking at the direct effect of one variable on another may also not be optimal. Direct 
effects advise how a 1 unit change in X will affect Y, while holding all other variables 
constant. It may, however, be that other variables are not likely to remain constant if 
X changes, e.g. a change in X can produce a change in Z which in turn produces a 
change in Y. Put another way, both the direct and indirect effects of X on Y must be 
considered if the total effect is to be determined. (Williams, 2015). Tables 5-39 to 5-
41 detail the direct, indirect and total effects between the independent and dependant 
variables of model 2. Although the direct effects of Q15-Q22 (0.092) and Q29-Q22 
(0.078) are relatively small, the indirect effects through other variables result in the 
total effect being much greater – 0.238 and 0.289 respectively. 
 
5.4.3 Specification Search 

 
As in the previous section, an ad hoc attempt was made to test the model by 
removing various paths in order to see if any improvement could be gained.  
 
Although the goodness of fit measures indicate that the proposed model in Figure 5-
10 is a good fit (see Tables 5-35 and 5-36), the parameter estimates show that the 
direct link between innovation-directed transactions and number of innovations 
introduced is the weakest relationship (Q29-Q22) and is not significant. An attempt 
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was, therefore, made to modify the proposed model by removing this direct link 
(Figure 5-11). 

 
Figure 5-11: Fitted Path Analysis Model 2 – Q29-Q22 removed 

 

Fit Measure 
Baseline  

No Q29-Q22 
Model 2  

Chi Square 
 

1.57 3.988 

df 
 

2 3 

Chi Square p-value 
 

0.456 0.263 

NFI 
 

0.995 0.986 

IFI 
 

1.002 0.997 

CFI 
 

1 0.996 

RMSEA 
 

0 0.03 

SRMR 
 

0.0166 0.0242 

GFI 
 

0.998 0.996 

AGFI 
 

0.987 0.979 

Significant Paths 
 

7 7 

Non-significant 

Paths 
  1 0 

 
Table 5-42: Model Fit Comparison for Complex Model 2 and Model with Q29-Q22 link removed 

Table 5-42 shows that although the RMSEA value increases slightly to 0.030, it is still 
a good model fit. The Chi-square/df value increases slightly from 0.785 to 1.329, but 
this is actually a better fit as less than 1 indicates a minimally plausible model.  
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When comparing the model fits depicted in Table 5-42, there no significant change in 
chi-square between the proposed model and the one with Q29-Q22 link removed. 
Because the computed difference (2.418) does not exceed the critical value of 3.84, 
the test of this interaction was deemed non-significant i.e. the alternative model's fit is 
not significantly different. Further investigation into the India dataset revealed that 
this path was significant, and that by removing it, the model fit for India was above 
the limits specified in the literature. Because theory is the main driver of how the 
model is constructed, it was decided to leave the model as is. 
 
5.4.4 Measurement Invariance/Equality 

 
As for model 1, measurement invariance/equality was tested. Again, SA was not 
computed independently as the sample size was too small. 
 

Fit Measure 
Model 

All 3 China-India China India 

Chi Square 
 

1.57 2.55 1.617 3.588 

df 
 

2 2 2 2 

Chi Square p-value 
 

0.456 0.279 0.446 0.166 

NFI 
 

0.995 0.99 0.961 0.981 

IFI 
 

1.002 0.998 1.01 0.991 

CFI 
 

1 0.998 1 0.991 

RMSEA 
 

0 0.029 0 0.063 

SRMR 
 

0.0166 0.023 0.0301 0.0315 

GFI 
 

0.998 0.997 0.995 0.993 

AGFI 
 

0.987 0.976 0.961 0.947 

Significant Paths 
 

7 6 3 6 

Non-Significant 

Paths 
  1 2 5 2 

Table 5-43: Model fit Comparison for Individual Countries vs Proposed Model 2 

 
Table 5-43 shows that all model fits were good and therefore direct comparisons can 
be made. First, looking at the China-India combined dataset in Table 5-44, a number 
of observations are made. 
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Estimate S.E. C.R. p 

Q29 <--- Q15 .292 .061 4.798 *** 

Q27 <--- Q15 .261 .093 2.801 .005 

Q27 <--- Q29 .748 .082 9.095 *** 

Q22 <--- Q27 .462 .048 9.573 *** 

Q22 <--- Q15 .051 .082 .627 .530 

Q22 <--- Q29 .078 .080 .973 .330 

Q25 <--- Q22 .055 .018 3.032 .002 

Q25 <--- Q15 .074 .031 2.422 .015 
Table 5-44: Regression Weights for China-India Model 2 

When removing the SA data, the model does not have a significant path between 
Q15-Q22 (strategic complexity and innovation types) nor Q29-Q22 (innovation-
directed transactions and innovation types). This differs from the model with all three 
countries data which has only one path was not significant (Q29-Q22). When 
comparing the bootstrapping values to those of the MLE values for Q15-Q22, it also 
confirms that for all three countries combined, there is no significant relationship at 
5% indicating that the complexity of market access strategies does not result in a 
greater diversity of innovation types. See p = 0.129 in Table 5-45 below.  
 
 

Parameter Estimate Lower Upper p 

Q29 <--- Q15 .271 .170 .386 .002 

Q27 <--- Q15 .244 .073 .410 .008 

Q27 <--- Q29 .681 .520 .841 .001 

Q22 <--- Q27 .450 .337 .572 .002 

Q22 <--- Q15 .141 -.041 .323 .129 

Q22 <--- Q29 .113 -.028 .254 .109 

Q25 <--- Q22 .061 .021 .100 .009 

Q25 <--- Q15 .054 .005 .108 .039 
Table 5-45: Regression Weights for Bias-Corrected Percentile for all 3 Countries Combined 

 
The next action was to look at the China and India dataset in the model. Both model 
fits were good (Table 5-43). The results of the regression weights analysis can be 
seen in the Tables 5-46 and 5-47 below.  
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Estimate S.E. C.R. p 

Q29 <--- Q15 .167 .087 1.914 .056 

Q27 <--- Q15 .150 .125 1.205 .228 

Q27 <--- Q29 .371 .127 2.929 .003 

Q22 <--- Q27 .380 .094 4.058 *** 

Q22 <--- Q15 -.047 .131 -.361 .718 

Q22 <--- Q29 -.042 .137 -.310 .756 

Q25 <--- Q22 .071 .031 2.329 .020 

Q25 <--- Q15 .087 .047 1.865 .062 
Table 5-46: Regression Weights for China Model 2 

There was moderate support for Q15-Q29 (H4) and Q15-Q25 (H1), with significant 
support for Q29-Q27 (H5), Q27-Q22 (H7) and Q22-Q25 (H9). Looking at the 
bootstrapping 95% bias-corrected percentile method, this is confirmed.  
 

Parameter Estimate Lower Upper p 

Q29 <--- Q15 .167 .051 .290 .015 

Q27 <--- Q15 .150 -.109 .400 .340 

Q27 <--- Q29 .371 .183 .570 .003 

Q22 <--- Q27 .380 .221 .531 .002 

Q22 <--- Q15 -.047 -.312 .201 .760 

Q22 <--- Q29 -.042 -.230 .132 .714 

Q25 <--- Q22 .071 .018 .120 .024 

Q25 <--- Q15 .087 .011 .162 .057 
Table 5-47: Regression Weights China - Bias-Corrected Percentile 

Regression weights for the India dataset in Table 5-48 show that six of the eight 
paths are significant at the 5% level or better. The paths linking diversity of innovation 
types and breadth of impact of innovation (Q22-Q25), as well as strategic complexity 
and breadth of impact of innovation (Q15-Q25) were not found to be significant (p = 
.267 and p = 0.200 respectively). Of note was the relationship between diversity of 
innovation-directed transactions with other firms and the diversity of innovations 
introduced by the firms (Q29-Q22) for India as it was the only dataset that showed a 
significant relationship for this particular path. 
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Table 5-48: Regression Weights for India Model 2 

 
It is clear from the tables above that there are differences between the path 
relationships of the variables of the two countries both in terms of which paths are 
significant as well as the level and strength of the relationship. To confirm this 
observation a multiple group analysis was done and the results presented in Table  
5-49 below. 
 
 

Model NPAR CMIN DF p CMIN/DF 

Unconstrained 26 5.204 4 .267 1.301 

Structural weights 18 28.172 12 .005 2.348 
Table 5-49: Unconstrained Model vs Structural Weights Model Comparison 

The difference between fit indices that was found between the unconstrained and 
constrained model was 22.968 (28.172-5.204). Representing the differential effects 
of the complexity levels, this result is chi-square distributed with degrees of freedom 
equal to the absolute value of the degrees of freedom of the constrained model, 
subtracted from those in the unconstrained model, (df2 - df1 = |12-4| = 8). Comparing 
this value (22.968) to the critical value of 15.511 (C²(8;050) α = .05), which represent 
the critical values of the chi-square distribution for 6 degrees of freedom; this 
difference was deemed statistically significant. Thus, the loadings of China and India 
were deemed to be significantly different to each other. 
 
5.4.5 Bootstrapping 

The bootstrap standard errors are presented in Table 5-50 for the combined 
countries dataset.  

 
 
 

   
Estimate S.E. C.R. p 

Q29 <--- Q15 .336 .078 4.297 *** 

Q27 <--- Q15 .326 .096 3.396 *** 

Q27 <--- Q29 .359 .083 4.298 *** 

Q22 <--- Q27 .660 .070 9.373 *** 

Q22 <--- Q15 .228 .098 2.330 .020 

Q22 <--- Q29 .243 .087 2.812 .005 

Q25 <--- Q22 .030 .027 1.109 .267 

Q25 <--- Q15 .060 .046 1.282 .200 
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Parameter SE SE-SE Mean Bias SE-Bias 

Q29 <--- Q15 .054 .001 .273 .003 .002 

Q27 <--- Q15 .088 .002 .246 .002 .003 

Q27 <--- Q29 .081 .002 .679 -.002 .003 

Q22 <--- Q27 .059 .001 .450 .000 .002 

Q22 <--- Q15 .095 .002 .140 -.002 .003 

Q22 <--- Q29 .072 .002 .114 .000 .002 

Q25 <--- Q22 .020 .000 .061 .000 .001 

Q25 <--- Q15 .027 .001 .053 -.001 .001 
Table 5-50: Regression Weights for all 3 Countries Combined - Bootstrap Standard errors 

As for Model 1, the low bias indicates that the maximum likelihood estimates and the 
bootstrap estimates are very close to each other. The last column, labelled SE-Bias, 
reports the approximate standard error of the bias estimate. Once again, the 
estimated bias is smaller in magnitude than its standard error. This indicates that 
there is little evidence that the regression weights are biased. It can therefore be 
concluded that the non-normality did not have any significant effect on the results. 
 
5.4.6 Model 2 Summary 

 
 

   
All 3 China-India China India 

Q29 <--- Q15 .257 .258 .169 .292 

Q27 <--- Q15 .148 .139 .105 .229 

Q27 <--- Q29 .437 .452 .255 .290 

Q22 <--- Q27 .482 .515 .357 .541 

Q22 <--- Q15 .092 .030 -.031 .131 

Q22 <--- Q29 .078 .052 -.027 .161 

Q25 <--- Q22 .193 .167 .202 .083 

Q25 <--- Q15 .111 .133 .162 .096 
Table 5-51: Standardised Regression Weight Comparison across all 4 Groups 

A summary of the standardised regression weights for the four groups under 
investigation can be seen in Table 5-51. What does stand out is the strength of many 
of the relationships for the Indian dataset. It is notable that India has the opposite 
effects in terms of significant relationships for Q15-Q25 (H1), Q15-Q22 (H6), Q29-
Q22 (H8), Q22-Q25 (H9), when compared to the other country datasets. The two 
relationships involving Q25 (breadth of innovation impact) are weaker than the other 
datasets and are also not significant. When compared to China, India has stronger 
relationships in all paths apart from the two mentioned above – Q22-Q25 and Q15-
Q25.  
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A comparison of the relationships and their significance level for all datasets can be 
seen below in Table 5-52. 
 

Parameter All 3 China-India China India 

Q29 <--- Q15 *** *** .056 *** 

Q27 <--- Q15 .002 .005 .228 *** 

Q27 <--- Q29 *** *** .003 *** 

Q22 <--- Q27 *** *** *** *** 

Q22 <--- Q15 .043 .530 .718 .020 

Q22 <--- Q29 .119 .330 .756 .005 

Q25 <--- Q22 *** .002 .020 .267 

Q25 <--- Q15 .034 .015 .062 .200 
Table 5-52: Significance of Relationships across all Groups 

 
For China, only 3 of the relationships were significant at 5% or less – although a 
further two did show moderate support at the 10% level. The MLE method showed 
three paths as significant for China, however, the bootstrapping bias-corrected 
percentile method showed that 4 of the paths would not include zero and could be 
rejected at a 95% confidence level (see Table 5-53). India, on the other hand, 
showed significant support for six of the eight hypotheses. For India, both MLE and 
bootstrapping methods confirmed the same significant relationships. 
 
The other notable difference was for the all 3 countries dataset, where the MLE 
method showed a significant relationship for the Q15-Q22 path at a 5% level, but the 
ninety-five percent bootstrapped confidence intervals showed a p-value of 0.129 
indicating only a 87.1% confidence level that the value would not include zero (see 
Table 5-45). It is therefore not conclusive that strategic complexity would actually 
have a positive effect on the diversity of innovation types that a firm introduces as 
there appears to be only moderate support using the bootstrap method. 
 

Parameter All 3 China-India China India 

Q29 <--- Q15 .002 .002 .015 .004 

Q27 <--- Q15 .008 .024 .340 .005 

Q27 <--- Q29 .001 .002 .003 .001 

Q22 <--- Q27 .002 .002 .002 .001 

Q22 <--- Q15 .129 .662 .760 .036 

Q22 <--- Q29 .109 .346 .714 .004 

Q25 <--- Q22 .009 .017 .024 .366 

Q25 <--- Q15 .039 .038 .057 .274 
Table 5-53: Regression Weights Bootstrap p-value Comparison for Bias-Corrected Percentile Method 
across all Groups 
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5.5 Hypothesis Testing 

 
Hypothesis 1: The more complex the innovation strategy, the broader the impact of 
innovation (Q15-Q25) 
 
Model 1: 
  H1 (Q15-Q25)         

  Estimate (ß�) SE C.R. p Result 

All 3 0.057 0.026 2.230 0.026 Supported 

China-India 0.07 0.031 2.243 0.025 Supported 

India 0.059 0.046 1.296 0.195 Not Supported 

China 0.076 0.047 1.602 0.109 Not Supported 

Table 5-54: Parameter Estimates for Hypothesis 1 of model 1 

Model 2: 
  H1 (Q15-Q25) Model 2 

  Estimate (ß�) SE C.R. p Result 

All 3 0.054 0.025 2.124 0.034 Supported 

China-India 0.074 0.031 2.422 0.015 Supported 

India 0.060 0.046 1.282 0.267 Not Supported 

China 0.087 0.047 1.865 0.062 
(10%) Not 

Supported 
Table 5-55: Parameter Estimates for Hypothesis 1 of model 2 

Hypothesis 1 states that strategic complexity of a firm is positively related to the 
breadth of innovation impact. The results of the above relationship are presented in 
Table 5-54 and 5-55 above. For model 1, the all three countries and India/China 
dataset beta coefficients were significant (ß� = 0.057, C.R. = 2.230, p = 0.026 and  
ß� = 0.070, C.R. = 2.243, 0.025 respectively). The individual India and China datasets 
indicate no significance (ß� = 0.059, C.R. = 1.296, p = 0.195 and  
ß� = 0.076, C.R. = 1.602, p = 0.109). The estimates were very similar for both models. 
For model 2, the only difference to model 1 appeared to be in the China dataset 
result where the results were not as conclusive. The beta coefficient was slightly 
higher and supported at the 10% level of significance (ß� = 0.087, C.R. = 1.865, p = 
0.062).  
 
The best fitting path model generated in this study showed that strategic complexity 
had a positive effect on breadth of innovation impact for the analysed data for all 
three countries as well as that for China-India. The regression weights were all 
positive indicating the positive effect of the variables. For the individual country 
datasets, both China and India did not show a significant relationship at the 5% level 
for the MLE method, however China did have marginal support at 10% significance. 
The hypothesis for the relationship of the China dataset in Model 2, also showed 
some support with the bootstrap-corrected level indicating a 94.3% probability (p = 
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0.057) that the value would not include zero (Table 5-53), thus confirming the MLE 
result. 
 
What also needs to be considered here is the effect of Q23 which asks for the one 
innovation type from Q22 that had the most significant impact on the companies’ 
performance. Q25 then asks for the resultant impact of this innovation on the firms 
main strategies to access the domestic or international market. The net effect is 
probably that the strength of the relationship can be muted or filtered due to the fact 
the question is only asking for the impact of the most significant innovation type i.e. 
only one of a possible number of innovations can be selected. The company may 
well have supplied multiple customers with different products of similar contribution to 
revenue that required different innovation strategies and resulted in correspondingly 
different impact types on strategy achievement. Based on the above it is worthwhile 
to look at the indirect effect linking Q15 to Q22 through to Q25. Table 5-40 and Table 
5-41 show that the total effect (0.157) does increase by 40% over that of just the 
direct effect (0.111). 
 
What does come out of the results is that a larger dataset i.e. one comprising data 
from all the countries appears to give a more reflective view of the relationships in 
that they now become significant with a bigger sample size. It can therefore be 
concluded that the complexity of a firm’s innovation strategy has a positive effect on 
the breadth of impact of innovation. 
 
Hypothesis 2: The more complex the innovation strategy, the greater the diversity of 
sources of technology and knowledge (Q15-Q27) 
 
Hypothesis 2 states that strategic complexity is positively related to the diversity of 
sources of technology and knowledge. The hypothesis is supported for all datasets 
apart from China. The datasets for all three countries (ß� = 0.244, C.R. = 3.158, p = 
0.002) and China-India combined (ß� = 0.261, C.R. = 2.801, 0.050) showed a 
statistically significant relationship at the 5% level indicating that the greater the 
diversity of the strategies employed to access a market, the greater the resulting 
diversity of knowledge sources employed to achieve innovation. Looking at the 
individual countries, China (ß� = 0.150, C.R. = 1.205, p = 0.228) did not show any 
significant relationship. India, (ß� = 0.326, C.R. = 3.396, p < 0.001) on the other hand, 
showed a very strong significant relationship at less than 0.1%. The results of the 
above relationship are presented in Table 5-56 below. 
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  H2 (Q15-Q27)         

  Estimate (ß�) SE C.R. p Result 

All 3 0.244 0.077 3.158 0.002 Supported 

China-India 0.261 0.093 2.801 0.050 Supported 

India 0.326 0.096 3.396 <0.001 Supported 

China 0.150 0.125 1.205 0.228 
Not 

Supported 
Table 5-56: Parameter Estimates for Hypothesis 2 

It can therefore be concluded that H2 is supported by all three countries combined 
and India, and rejected for China. Once again, the larger dataset encompassing all 
countries shows strong support for the hypothesis. 
 
Hypothesis 3: The more diverse the sources of technology and knowledge, the 
broader the innovation impact (Q27-Q25) – only valid for Model 1 

 
Hypothesis 3 proposed a positive relationship between diversity of sources of 
technology and knowledge and the breadth of innovation impact. This hypothesis 
was supported by the datasets for all 3 countries (ß� = 0.044, C.R. = 2.805, p = 0.005) 
and China-India (ß� = 0.042, C.R. = 2.526, p = 0.012) datasets combined, but not for 
the individual countries of India (ß� = 0.041, C.R. = 1.261, p = 0.207) and China (ß� = 
0.060, C.R. = 1.801, p = 0.072). China did have the strongest relationship of the two 
individual countries and did show a moderately significant relationship at the 10% 
level. The bootstrap method also showed a p-value of 0.055 (see Table 5-34) 
indicating a 94.5% chance that the path coefficient would not contain zero, thereby 
confirming the moderate result. The results of the above relationship are presented in 
Table 5-57. 
 
  H3 (Q27-Q25)         

  Estimate (ß�) SE C.R. p Result 

All 3 0.044 0.016 2.805 0.005 Supported 

China-India 0.042 0.017 2.526 0.012 Supported 

India 
0.041 0.032 1.261 0.207 

Not 

Supported 

China 0.060 0.033 1.801 0.072 
(10%) Not 

Supported 
Table 5-57: Parameter Estimates for Hypothesis 3 

It can therefore be concluded that H3 is supported by all three countries combined, 
the China-India dataset, and rejected for India. There is some marginal support for 
China. Once again there is the effect of Q22 and Q23 that needs to be considered. 
The paths linking Q27, Q22 and Q25, whereby access to Q25 (innovation impact) is 
via Q22 (innovation types), will give a better indication of the relationships that exist 
between these variables. 
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Hypothesis 4: The more complex the innovation strategy, the more diverse are the 
innovation-directed transactions (Q15-Q29) 
 
Hypothesis 4 proposed that strategic complexity is positively related to the diversity 
of innovation-directed transactions. The results show support for all datasets (ß� = 
0.271, C.R. = 5.076, p < 0.001 for the combined countries, 
ß� = 0.292, C.R. = 4.798, p < 0.001 for China-India and  
ß� = 0.336, C.R. = 4.297, p <0.001 for India), although China only showed support at a 
10% significance level (ß� = 0.167, C.R. = 1.914, p = 0.056). All other relationships 
were significant to the 0.1% level. The results of the above relationship are presented 
in Table 5.58 below.  
 

  H4 (Q15-Q29) 
   

  

  Estimate (ß�) SE C.R. P Result 

All 3 0.271 0.053 5.076 <0.001 Supported 

China-India 0.292 0.061 4.798 <0.001 Supported 

India 0.336 0.078 4.297 <0.001 Supported 

China 0.167 0.087 1.914 0.056 
10% 

(Supported) 
Table 5-58: Parameter Estimates for Hypothesis 4 

The bootstrap 95% confidence level method showed a value of p = 0.015 for China 
(Table 5-53) which implies that there is 98.6% chance that the path coefficient would 
not contain zero. It can therefore be concluded that H4 is supported by all datasets 
apart from China (only moderate support), although this did show support at > 95% 
using the bootstrap confidence intervals. 
 
Hypothesis 5: The greater the diversity the innovation-directed transactions, the more 
diverse the sources of technology and knowledge (Q29-Q27) 
 
Hypothesis 5 states that there is a positive relationship between diversity of 
innovation-directed transactions and diversity of sources of technology and 
knowledge. Hypothesis 5 assessed this relationship and revealed that this path or 
relationship showed the strongest association across all datasets for the conceptual 
model. The beta coefficients were ß� = 0.681, C.R. = 9.304, p < 0.001 for all three 
countries combined, ß� = 0.748, C.R. = 9.095, p < 0.001 for the China-India dataset, ß� 
= 0.359, C.R. = 4.298, p < 0.001 for India and ß� = 0.371, C.R. = 2.929, p = 0.003 for 
China.  All relationships were significant at the 1% or less level. The results of the 
above relationship are presented in Table 5-59. 
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  H5 (Q29-Q27)         

  Estimate (ß�) SE C.R. p Result 

All 3 0.681 0.073 9.304 <0.001 Supported 

China-India 0.748 0.082 9.095 <0.001 Supported 

India 0.359 0.083 4.298 <0.001 Supported 

China 0.371 0.127 2.929 0.003 Supported 

Table 5-59: Parameter Estimates for Hypothesis 5 

 
It can therefore be concluded that H5 is strongly supported by all combinations of 
countries as well as the individual countries. The strength of the relationships for the 
combined countries datasets were the highest of all the relationships tested. 
 
Hypothesis 6: The more complex the innovation strategy, the greater the diversity of 
innovation types introduced (Q15-Q22) 
 
The above hypothesis states that strategic complexity is positively related to diversity 
of innovation types introduced by a firm. The hypothesis was supported at a 5% 
significance level by all three countries combined (ß� = 0.141, C.R. = 2.024, p = 0.043) 
as well as the India dataset (ß� = 0.228, C.R. = 2.330, p = 0.020). The India/China (ß� = 
0.051, C.R. = 0.627, p = 0.530) and individual country dataset of China (ß� = -0.047, 
C.R. = -0.036, p = 0.718) were not supported. The results of the above relationship 
are presented in Table 5-60. 
 
  H6 (Q15-Q22) 

  Estimate (ß�) SE C.R. p Result 

All 3 0.141 0.070 2.024 0.043 Supported 

China-India 0.051 0.082 0.627 0.530 Not Supported 

India 0.228 0.098 2.330 0.020 Supported 

China -0.047 0.131 -0.036 0.718 Not Supported 

Table 5-60: Parameter Estimates for Hypothesis 6 

Of interest were the difference in results for the all three countries combined and the 
China-India datasets. The only difference between the two is that one included the 
SA data and the other didn’t, leading to the possibility that the SA data have a very 
strong effect showing strong support for the relationship between these two 
variables.  
 
Another notable point for the all three countries combined dataset was that although 
the MLE method showed significance at 5% for this relationship, the bootstrap 
confidence level showed a p-value of 0.129 (Table 5-53) which indicates only an 
87.1% chance of the value not being zero. The significance is therefore possibly not 
as strong as indicated in the MLE method. It can therefore be concluded that H6 is 
supported by the India dataset, rejected for China-India and China, and only 
moderate (and possibly inconclusive) support for the dataset with all three countries 
combined. 
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Hypothesis 7: The more diverse the knowledge sources, the greater the diversity of 
innovation types (Q27-Q22) 
 
Hypothesis 7 states that there is a positive relationship between diversity of sources 
of technology and knowledge and the diversity of innovation types introduced by the 
firm. The hypothesis was strongly supported across all datasets with all relationships 
being significant at 0.1%. The beta coefficients were ß� = 0.450, C.R. = 9.609, p 
<0.001 for all three countries combined, ß� = 0.462, C.R. = 9.573, p < 0.001 for the 
China-India dataset, ß� = 0.660, C.R. = 9.373, p < 0.001 for India and ß� = 0.380, C.R. 
= 4.058, p < 0.001 for China. The strength of the relationships for the individual 
countries of India and China were the highest of all the hypotheses tested. The 
results of the above relationship are presented in Table 5-61 below. 
 
  H7 (Q27-Q22) 

  Estimate (ß�) SE C.R. p Result 

All 3 0.450 0.047 9.609 <0.001 Supported 

China-India 0.462 0.048 9.573 <0.001 Supported 

India 0.660 0.070 9.373 <0.001 Supported 

China 0.380 0.094 4.058 <0.001 Supported 

Table 5-61: Parameter Estimates for Hypothesis 7 

 
As mentioned in H3, the fact that all links are supported confirms that input is in line 
with innovation output as all relationships are positive and significant and supported 
for the above hypothesis. It can therefore be concluded that a greater diversity of 
sources of technology and knowledge will have a positive influence on the diversity of 
innovation types introduced by a firm. 
 
Hypothesis 8: The greater the diversity of innovation-directed transactions, the 
greater the diversity of innovation types introduced (Q29-Q22) 
 
This hypothesis predicted that innovation-directed transactions with other firms would 
positively impact on the diversity of innovation types introduced. Hypothesis 8 was 
not supported apart from the India dataset (ß� = 0.243, C.R. = 2.812, p = 0.005) which 
showed a significant relationship at 1%. The results of the above relationship are 
presented in Table 5-62. 
 
  H8 (Q29-Q22) 

  Estimate (ß�) SE C.R. p Result 

All 3 0.113 0.073 1.557 0.119 Not Supported 

China-India 0.078 0.080 0.973 0.330 Not Supported 

India 0.243 0.087 2.812 0.005 Supported 

China -0.042 0.137 -0.310 0.756 Not Supported 

Table 5-62: Parameter Estimates for Hypothesis 8 
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What is interesting to note is that when Q27 (access to knowledge sources) is 
removed from the model, then the above path becomes significant and the 
hypothesis is supported. It can therefore be concluded that Q27 acts as a mediating 
variable in this relationship. H8 is supported by the India data set, but rejected by all 
others. For all combined countries and China, a greater diversity of innovation-
directed transactions did not result in a greater diversity of innovation types 
introduced by a firm. 
 
Hypothesis 9: The greater the diversity of innovations introduced, the broader the 
impact of innovation (Q22-Q25) 
 
Hypothesis 9 states that there is a positive relationship between the diversity of 
innovation types introduced by a firm and the breadth of impact of the most impactful 
innovation. The hypothesis was supported across all groups (ß� = 0.061, C.R. = 3.692, 
p < 0.001 for all three countries combined, ß� = 0.055, C.R. = 3.032, p = 0.002 for the 
China-India dataset, and ß� = 0.071, C.R. = 2.329, p = 0.020 for China) apart from 
India (ß� = 0.030, C.R. = 1.109, p = 0.267). For India there was no significant 
relationship between the diversity of innovation types introduced and the breadth of 
innovation impact. The results of the above relationship are presented in Table 5-63 
below. 
 
  H9 (Q22-Q25) 

  Estimate (ß�) SE C.R. p Result 

All 3 0.061 0.017 3.692 <0.001 Supported 

China-India 0.055 0.018 3.032 0.002 Supported 

India 0.03 0.027 1.109 0.267 Not Supported 

China 0.071 0.031 2.329 0.020 Supported 

Table 5-63: Parameter Estimates for Hypothesis 9 

It can therefore be concluded that H9 is supported by all combined countries and 
China, and rejected for India. Access to Q25 is via Q22 (as portrayed in Model 2 and 
H9) and the data indicates a link for all datasets between Q27 and Q22. The path 
from Q22 to Q25 for the most part confirms the second part of this link especially 
when looking at the larger dataset. 
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Hypotheses Summary: 
 
 

Hypothesis 
Model 1 Model 2 

All 3 China-India China India All 3 China-India China India 

Q15-Q25 H1 * * - - * * ? - 

Q15-Q27 H2 ** ** - *** ** ** - *** 

Q27-Q25 H3 ** * ? - 
    

Q15-Q29 H4 *** *** - *** *** *** ? *** 

Q29-Q27 H5 *** *** ** *** *** *** ** *** 

Q15-Q22 H6         ? - - * 

Q27-Q22 H7         *** *** *** *** 

Q29-Q22 H8         - - - ** 

Q22-Q25 H9         *** ** * - 

 

 Key: 

        

 

* P < .05 

       

 

** P < .01 

       

 

*** 

? 

P < .001 

Moderate support 

       Table 5-64: Summary of Relationship Strengths between the Different Variables for the Different Country 
Datasets 

Table 5-64 above summarises the hypotheses for the two models. Only H5, H7 and 
H4 (at 10%) are significant across all groups. This MLE result for the most part 
agreed with the result obtained using the bootstrap method. When comparing the 
bootstrap results to the probabilities achieved through MLE, there are two differences 
that need mentioning. For H6 (Q15-Q22), the dataset comprising of all three 
countries of model 2, the path is shown to be significant at 5%, but the bootstrap 
results show a p-value of 0.129, which means that there is only a 87.1% confidence 
level that the path coefficient would not have a lower boundary at zero. In other 
words we cannot reject the hypothesis that the regression weight is zero for a 95% 
confidence interval. Another point is for the China dataset, in support of H4, where 
the MLE method predicts a significance of 10% whereas the bootstrap method has a 
98.6% probability that the value will not contain zero – therefore rejecting the 
hypothesis that the regression weight will be zero at a 95% confidence level. 
 
5.6 Chapter Summary 

 
The chapter started off with the descriptive statistics giving a summary of the raw 
data that was collected in order for the reader to gain an overview of the basic 
information about the dataset under study. The next section detailed the inferential 
statistics from the path analysis statistical technique. To compare the effect of the 
explanatory variables on the breadth of impact of innovation, a single analysis that 
estimated parameters and tested hypotheses about all groups simultaneously was 
considered. The path analysis investigates the impact of strategic complexity on 
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innovation and proposes two theoretical models detailing relationships which are 
presented in Figure 5-7 and Figure 5-10. The second model includes relationships 
that link to the diversity of innovation types that a firm introduces. As a result, the 
proposed paths of relations, both direct and indirect, matching strategic complexity to 
breadth innovation impact are analysed for a combined dataset of all countries as 
well as individual countries. All hypotheses are validated or rejected based on their 
significant path estimates. There were differences found in the significance and 
strength of the individual countries, however for all countries combined, the 
hypotheses were mostly all supported. This indicates that combining all the data 
across the different countries gives a more reflective view of the relationships as they 
now become significant using a larger dataset. 
 
The main estimation method for path models, or any SEM, is Maximum Likelihood 
Estimation (MLE). This method, however, requires a distributional assumption, which 
the present data failed to satisfy. The bootstrap method was applied in order to 
overcome the methodological failure due to non-normality. The estimated bias using 
the bootstrap method was found to be very small, showing that there was little 
evidence that the regression weights were biased. The conclusion reached using the 
maximum likelihood method agreed with that of the bootstrap method and therefore 
affirmed the results.  
 
The following chapter will discuss the results in the context of developing countries 
industries and attempt to provide recommendations and implications for firms in the 
automotive component manufacturing sector. 
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6. Conclusions and Recommendations 

 
This research involved an empirical investigation of the inter-relationships of strategy, 
innovation, knowledge sources and performance for automotive component 
manufacturers in a developing country context. The central research question is: Do 
firms from developing countries have a greater breadth of innovation impact when 
they pursue a larger range of market access strategies? Furthermore, how do 
knowledge sources, innovation-directed transactions with other firms, and innovation 
types influence this relationship? The objective of this research was to develop a 
conceptual framework of how these variables are related and how they affect the 
breadth of impact of strategy implementation in automotive component 
manufacturing in the developing country context.  
 
To answer the research question and achieve the objective, a comprehensive review 
of potential theories and theoretical literature was conducted and relevant research 
towards identifying the inter-relationships and multiple paths were consolidated in 
Chapter 2. A set of hypotheses proposing the direct and indirect relationships that 
exist between strategic complexity and innovation impact was developed. This 
integrated aspects from the core disciplines of strategy and innovation theory and 
combined qualitative and quantitative research conducted within the context of 
automotive component manufacturing firms from developing countries. Following 
initial contribution studies by University of Pretoria Master’s students, a revised 
research model was presented in Chapter 3. The methodological approach was 
defined in Chapter 4, and the results of the statistical analysis presented in Chapter 
5. 
 
The findings are analysed and discussed in this chapter in an attempt to extract their 
implications and to process the recommendations. The contributions of the study are 
then stated. A summary of the hypotheses derived from the model are presented in 
Table 6-1. The chapter concludes with a discussion of the limitations of the study and 
future research directions. 
 
6.1 Discussion of Research Results 

 
The diversity of transactions and knowledge sources that firms are involved in is 
based on the innovation strategy that they adopt, and this will determine their survival 
in a competitive, global market. This research study provides a conceptual framework 
for analyzing the effect of a number of variables in relation to the breadth of 
innovation impact, and has investigated initial propositions based on the conceptual 
analysis.  
 
The conceptual model developed for this research adopted a simple model of 
innovation strategy together with a fifth-generation innovation process highlighting 
the interrelated innovation capabilities from Dodgson, Gann and Salter (2008). 
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Innovation strategy depends on the market, as well as strategic sources of 
knowledge comprising of employees, customers, suppliers, innovation communities’ 
networks and technological transactions for the survival of the organisation. The 
interaction between resources, strategies and technological capabilities assist 
companies to diversify their strategy to access different markets based on the 
sources of information and transaction types they are involved in.  
 
Table 6-1 below summarises the results of the respective proposed hypotheses. 
 

No.  Hypothesis 

All 3 

Supp

orted 

China 

Supp

orted 

India 

Supp

orted 

H1 The more complex the innovation strategy, the broader the impact of 
innovation 

� ? � 

H2 The more complex the innovation strategy, the more diverse are the 
sources of technology and knowledge 

� � � 

H3 
The more diverse the sources of technology and knowledge, the 
broader the impact of innovation � ? � 

H4 The more complex the innovation strategy, the more diverse are the 
innovation directed transactions 

� ? � 

H5 
The more diverse the innovation-directed transactions with other 
firms, the greater the diversity of the sources of technology and 
knowledge 

� � � 

H6 
The more complex the innovation strategy, the greater the diversity of 
innovation types introduced ? � � 

H7 
The more diverse the knowledge sources, the greater the diversity of 
innovation types � � � 

H8 
The greater the diversity of innovation-directed transactions, the 
greater the diversity of innovation types introduced � � � 

H9 
The greater the diversity of innovation types, the broader the impact 
of innovation � � � 

Table 6-1: Results of Hypotheses derived from the Models 

Overall, the findings of this research provide evidence that several of the hypotheses 
were supported or partially supported. The path analysis revealed that overall, 
knowledge sources was a dominant variable for all countries. The path between Q27-
Q22 i.e. knowledge sources and innovation types for H7 was clearly the strongest 
relationship for both India and China (ß� = 0.660, C.R. = 9.373, p < 0.001 and  
ß� = 0.380, C.R. = 4.058, p < 0.001 respectively). For all three countries combined, the 
strongest relationship existed between Q29-Q27 i.e. innovation-directed transactions 
and knowledge sources for H5 (ß� = 0.681, C.R. = 9.304, p < 0.001). Knowledge 
sources are therefore considered to be the strongest variable from all three countries 
combined as well as the individual countries of China and India. The results are 
consistent with the literature which argues that knowledge resources have the 
greatest potential of all resources to serve as a source of sustainable competitive 
advantage (e.g. McEvily and Chakravrthy, 2002; Wiklund and Shepherd, 2003). 
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Previous Studies 

 
A number of the direct relationships that were found to be significant in this study 
were in contradiction to some of the findings in the related complementary research 
of this project at the University of Pretoria. This could be a result of the introduction of 
other variables in the path model analysis which caused the results observed through 
correlation analysis to cease to be direct and instead become of a mediating nature, 
thus causing the hypotheses involved to be supported. Classical analysis methods, 
unlike SEM or Path Analysis, do not permit any other relationships among the 
independent variables to be specified. By using path analysis, this study was able to 
see the direct effect, indirect effect and total effects of variables. In path analysis a 
unique additional contribution of each variable can be studied using standardised 
regression weights. Path analysis can estimate parameters for more than one 
regression equation because the analysis can be considered as a series of 
regressions applied sequentially to the data. Path analysis was employed mainly 
because the unique, additional contribution of each variable on innovation impact 
was of interest. 
 
In the following section, the answer to the primary research question will be 
discussed based on the findings from the path analysis models utilised in Chapter 5. 
 
Do firms from developing countries have a greater breadth of innovation 

impact when they pursue a larger range of market access strategies? 

 
Relationship between strategic complexity and breadth of innovation impact 
(H1) 
 
The direct relationship between complexity of strategy and breadth of innovation 
impact (H1), although showing a significant relationship, is the one with the lowest 
level of significance for the combined countries and no significant relationship for the 
individual countries of China (moderate at 10% significance) and India. Empirical 
data suggests that there is an association between the diversity of innovation 
strategies that the organisations adopt and the firm’s innovation performance. The 
companies use a strategy of quality, cost, new products and/or services and strategic 
partnerships to access these markets. This result differs from Steyn and Komane 
(2013) where no association could be found between strategy complexity and 
diversity of innovation impact for all countries combined. 
 
As mentioned in the previous chapter, the effect of Q23, which asks for the most 
impactful innovation type from Q22, needs to be considered. The resultant impact of 
this innovation on the firms’ main strategies to access the domestic or international 
market is measured to determine the resulting breadth of impact of the innovation. 
The resulting effect is therefore filtered, and can possibly result in a muted effect or 
impact as it only asks for the impact of one particular innovation type, and ignores the 
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potential impact of other innovations which could have been important. By allowing 
all impactful innovation types to be included in the result, this would have allowed the 
maximum breadth of impact of the strategies. An example of this could be a company 
that supplies various related-technology products (e.g. engine filters) to various 
customers or markets. In the year of the research time frame it might have had to: 
 

a) Do a cost-down on product A (air filter) for a major aftermarket chain to 
compete with low cost inferior quality imports. 

b) Improve delivery reliability of product B (pollen filter) for an OEM customer X 
700 km away. 

c) Industrialise under license a new developed product C (oil filter) for OEM 
customer Y. 

d) Improve quality of product D (fuel filter) for OEM customer Z. 

The monetised business values of these projects could be within a band of the lowest 
being 60% of the most highly valued. Any one of the above scenarios could well have 
an impact on only one of the criteria in Q25, but together they would have the 
maximum breadth of impact of strategies. A formulation of Q23 to allow for a wider 
spread, e.g. “the innovation(s) that would have created 80% of the impact on the unit 
performance” should allow for a more liberal (less conservative) magnitude of the 
path coefficient. 
 
An important consideration is that small to medium firms (which the majority of the 
firms were in the study) can have a broad number of strategies. Raynor (2007) and 
Steyn and Komane (2013) agree that a firm is unlikely to limit itself to a single type of 
innovation strategy, but rather adopts several different types. One of the reasons for 
this is that diversification can be employed to reduce the risk of failure caused by a 
possible failure of a single strategy component by enhancing its technological 
competence over a larger variety of areas. Barret and Sexton (2006), however, 
highlight that small firms have broad strategies that lack details, but make way for 
flexibility and adaptability. Not all of these come to fruition, but it does allow the firm 
flexibility to change direction or pursue one that does show promise. The level of 
involvement in these different strategies would, however, be limited by the resources 
available to the firm. 
 
Since cumulative learning requires depth of innovation activity, there is likely to be a 
trade-off between depth and breadth of innovation strategies. In addition to this, the 
probability of obtaining an even higher impact by adding an additional strategy or 
activity becomes increasingly less as it is more likely that the firm has already 
obtained high value outcomes from its existing strategies. The complexities of 
managing a larger variety of strategies, as well as the organisational and managerial 
costs involved become limiting factors as to the overall benefit to be gained, 
especially in SME’s where money is more difficult to come by. Leiponen and Helfat, 
(2005) point out that increasing the strategic complexity may result in diminishing 
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returns due to decreasing benefits and increased costs. They furthermore argue that 
the increased complexity of managing both the diversity of knowledge and the 
relationships needed to maintain access to these sources may result in higher 
marginal costs. The benefits of knowledge recombination from different sources may 
also diminish as the number of sources increases.  
 
Another possible reason for the lack of a strongly significant relationship (or 
moderate to no significance in individual countries) could be that the different 
countries use different strategies to access different markets. According to Steyn and 
Komane (2013), China and India make use of a complex innovation strategy in the 
domestic market and use predominantly a simple innovation strategy in the 
developing and industrialised markets. However, on average China and India make 
use of a simple innovation strategy to access all markets. Data suggests that South 
Africa, on the other hand, has a higher level of diverse and complex innovation 
strategies while China and India only show diverse strategies in domestic markets. 
The larger combined dataset would appear to allow the underlying significant 
relationship to emerge that is not evident with the smaller samples of the individual 
countries.  
 
What also needs to be considered is whether firms actually understand what 
innovation entails. In other words, do firms actively participate in an innovation 
strategy or do they suddenly realise they were using a strategy later on in the 
process (or when asked in a survey)? Do they consciously pursue a strategy or 
accidently participate? The answers to this are unknown and probably very relevant 
especially in the SME context where firms tend to operate in an informal manner. The 
above are possible reasons for the lower significance found in this particular area of 
the study. 
 
The answer to the question of whether diversification leads to a greater breadth 
impact of innovation is discussed above, but there are a number of subsidiary 
variables that have an effect on this relationship. These are detailed below. 
 

What role do knowledge sources, innovation-directed transactions with other 

firms, and innovation types play in the relationship between strategic 

complexity and innovation impact? 

 
Relationship between Strategic Complexity and Sources of Knowledge (H2) 
 
The combined dataset showed fairly strong support for the hypothesis providing 
evidence that as a collective dataset, the developing countries increase their number 
of sources of knowledge when the strategic complexity is increased. The 
effectiveness of the adopted innovation strategies by a firm is a major contributor to 
how it acquires its technological knowledge. Tidd and Bessant (2009) pointed out 
that a successful innovation strategy requires an understanding of the relevant 
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markets, competitors and external forces, as well as the role that technological 
knowledge plays as a resource. The India dataset showed strong support for the 
above relationship indicating that the extensive industrialisation and knowledge 
infrastructure in the Pune region of India provides a sufficient resource base for 
automotive component manufacturing firms. 
 
Firms need to have sources of technology and knowledge to access the different 
markets. Different markets require different knowledge sources. It is for this reason 
that companies diversify their strategies through acquiring sources of information 
from their employees, suppliers, clients and collaborations with technological 
institutions like universities. According to H2, the higher the level of complexity of 
innovation strategy that a firm targets, the more the organisation diversifies its 
sources of information. This is confirmed by this study’s results, but is different to 
Steyn and Komane (2013) who found no associations for any of the countries 
between strategy complexity and diversity of sources of technology and knowledge. 
In their study, however, the complexity level of innovation strategy did show a 
dependence on external sources of technology and knowledge.  
 
Relationship between sources of knowledge and breadth of innovation impact 
(H3) 
 
The data confirms hypothesis H3 which states that a greater diversity of sources of 
technology and knowledge leads to a greater breadth of innovation impact across the 
combined countries dataset, but not for India and China (moderate support at 10% 
significance). This, once again, indicates support for the hypothesis when a larger 
dataset was used. This is in agreement with Larrañeta, Zahra and González, (2012) 
who concluded that having access to diverse knowledge sources makes it easier for 
new ventures to develop new products, goods and services that attract new 
customers and retain existing ones. The moderate support for H3 for China supports 
the findings of Steyn and Komane (2013) who found associations between diversity 
of local and domestic sources of knowledge, and diversity of innovation impact for 
China, but no association when sources of technology were international. This finding 
suggests that the firms in the Beijing region of China obtain their required knowledge 
mostly from local and domestic sources. For India, they found an association 
between diversity of local sources of knowledge and diversity of innovation impact, 
while they found no associations for domestic and international sources of 
technology.  
 
This study found no support for H3 for India, but it did use broader measures of the 
variables, with the scoring weighted more towards international sources. 
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Relationship between strategic complexity and innovation-directed 
transactions (H4) 
 
This research confirms that a greater strategic complexity results in a greater 
diversity of innovation-directed transactions with other firms. This was valid across all 
countries – individual and combined - although to less of an extent with China. This is 
in agreement with Steyn and Komane (2013) where associations were found for India 
and China between strategy complexity and diversity of innovation-directed 
transactions.  
 
Component manufacturing firms need to have the potential to identify the correct 
outsourcing strategy and technology transfer for them to gain market share in the 
competitive global market (Komane, 2013). As pointed out by Tsia and Wang (2009), 
the lack of technological capacity in technology acquisition and exploitation will 
impede use of externally-generated knowledge because this is usually harder to 
understand and interpret. This possibly indicates that firms tend to focus on a specific 
area of transactions with other firms i.e. they either buy the machinery or they 
outsource the work – similar to a make-or-buy type strategy. Firms, however, need to 
own or at least understand the technology embedded in their product in order to be 
able to compete and grow in their respective markets (Lorentzen and Barnes, 2004). 
 
Relationship between innovation-directed transactions and sources of 
knowledge (H5) 
 
The above relationship was the strongest of all those investigated and also one that 
was significant across all datasets. One can argue that a greater diversity of 
interactive innovation-directed transactions with firms and institutions in a wider 
business environment allows access to a greater number of knowledge sources 
which brings optimal results in terms of innovation performance and impact. This 
strong link between innovation-directed transactions and sources of technology and 
knowledge (H5) implies that strategic complexity influences knowledge sources by 
facilitating innovation-directed transactions with other firms.  
 
Demographic data from the study (as detailed in Steyn and Komane, 2013) indicates 
that China and India show significant predominance of acquisitions of inputs and 
machinery in both local and domestic markets. South Africa shows predominance of 
transactions in international markets compared with China and India. 
 
Some literature also suggests that it could perhaps be beneficial to concentrate on a 
limited number of knowledge sources in pursuit of sustained strategic performance 
(Ocasio, 1997). Concentrating on one particular source of knowledge may prove to 
be beneficial as it decreases the likelihood of errors and false starts. It also enhances 
the development of routines and makes the knowledge search more focused and 
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reliable (Levinthal and March, 1981). This study, however, did not indicate that this 
was the case. 
 
Relationship between strategic complexity and innovation types (H6) 
 
While automotive component manufacturers in South Africa reported more complex 
strategies than India, they did not report innovation consistent with these strategies. 
(Vermaak, 2012). Steyn, Liebenberg, and Chan (2011) noted that innovations 
produced by automotive component manufacturers in South Africa did centre 
predominantly on improved manufacturing methods, which would not support the 
complex strategies reported by these manufacturers. Automotive component 
manufacturers in India achieved innovation type, degree of novelty, and diversity 
consistent with the complexity of their strategies. They appear to have the ability to 
strategise more effectively. While their strategies are still complex they are more 
focused and achieve their intended outcomes. 

Vermaak and Steyn (2013) looked at the relationship between strategic complexity 
and level of innovation in India and South Africa, but found no associations between 
strategy complexity and the type of innovation, degree of novelty of innovation, or 
diversity of innovation by South African automotive component manufacturers. They 
concluded that the complexity in strategy does not impact innovation by South 
African manufacturers but does so in India. This is in contrast to some of these 
findings where the relationship between strategic complexity and diversity of 
innovation types (H6) was found to be significant for the larger dataset comprising all 
three countries. The China-India combination was not found to be significant, 
possibly indicating that the SA data have a very strong relationship between the two 
variables and influences the overall result. The fact that SA has many MNC’s who 
are dominant in the industry possibly result in many of the firms in the study focusing 
their strategies at an international level thereby increasing the complexity of their 
strategies. As indicated earlier in the descriptive results, SA also has a higher 
incidence of new to the world innovation introductions particularly with new process 
types. India did show a significant relationship between these variables (as found by 
Vermaak and Steyn, 2013), but China not.  

China and India are focussed mainly on their much larger local and domestic markets 
due to the MNC companies that have set up regional headquarters and established 
local design and engineering facilities. The global suppliers are pressured into setting 
up local capabilities and when this happens they begin to source locally, providing 
opportunities and support for local tier 2 suppliers to develop. Because the major 
market is local or domestic, the component manufacturing firms are given more 
freedom to innovate and change product design – an area in which South Africa is 
limited due to dominance of international OEM’s who are producing mainly for 
industrialised markets with no scope for design changes.  
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The bootstrapping results also indicate that the results obtained through the MLE 
method for all three countries combined might not be as significant, possibly due to 
some non-normality of the data which could have had some effect on the result. It is 
therefore inconclusive whether a greater strategic complexity had a positive effect on 
the number of innovation types introduced by a firm. The question once again arises 
whether firms in developing countries intentionally embarked on a particular 
innovation strategy that resulted in an associated innovation type or whether this was 
done retrospectively when realising that a new innovation type had been 
implemented. The possibility that firms in developing countries are more likely to 
embark on many market access strategies in the hope that one of them comes to 
fruition, also probably plays a role in the outcome. 

Relationship between sources of knowledge and innovation types (H7) 
 
As expected, there was a strong relationship between diversity of knowledge sources 
and diversity of innovation types (H7), implying that the diversity of knowledge 
sources may influence breadth of innovation impact indirectly through the diversity of 
innovation types introduced by the firm. In this respect, our results are in line with 
existing studies (Caloghirou, Kastelli, and Tsakanikas 2004; Love and Mansury, 
2007) that verify the importance of external sources and imply that innovations come 
from a number of sources and develop in a number of ways (Willoughby and Galvin, 
2005). This relationship was highly significant across all datasets and the path 
coefficients much stronger here than between the other variables. This is also in line 
with Varis and Littunen (2010) who found that different types of innovation in SMEs 
may rely on different knowledge sources. Depending on what types of knowledge 
sources the firms in the different developing countries had access to; they would 
select the diversity of innovation types that would support their innovation. Gellynck, 
Kühne and Weaver (2011) argued that innovation capacity or capability of an 
organisation depends on access to information and hence the internal and external 
resources are important factors contributing to innovativeness. 
 
The two primary reasons suggested by Leiponen and Helfat, (2005) as to why 
multiple knowledge sources may be associated with greater innovation success, 
include the notion that by sampling more knowledge sources, it will lead to more 
success by virtue of the fact that one or more of these will provide knowledge that 
has high innovation potential. In addition, the different knowledge sources could have 
complementary effects on each other leading to more success. Overall, it reduces 
the risk and increases the chances of success by ensuring that there is more than 
one option available to the firm. 
 
The economic shift being observed in China and India is not only related to the 
capacity of these two countries to innovate or to the fact that they have become the 
favoured destinations of some MNC’s for their R&D and knowledge-intensive 
activities abroad. The main reasons here are the access to sources of knowledge, 
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favourable institutions and important research and innovation environments in more 
dynamic and mature regions compared to other poorer developing countries. Indian 
component manufacturing firms, especially, are well organised in regional clusters, 
learning from each other. (Jadhav, Mantha and Rane, 2015).  

Automotive component manufacturers in developing countries are also subject to 
potential constraints in sources of knowledge compared to their counterparts in 
developed countries due to the nature of the local and domestic knowledge base. 
One option is to diversify their sources of knowledge and/or pursue sources beyond 
those locally available. External sources of technical expertise, combined with in-
house basic research to facilitate external linkages, are crucial in creating successful 
innovation.  

Relationship between innovation-directed transactions and innovation types 
(H8) 
 
Interesting to note, is that the link between innovation-directed transactions and 
diversity of innovation types introduced was significant for only the Indian dataset. 
This indicates that for all countries combined, as well as that of China, innovation 
performance in terms of diversity of innovations introduced is related mainly to the 
diversity of knowledge sources, while India, on the other hand, has a significant direct 
link to innovation-directed transactions, as well as knowledge sources. Said in a 
different way, for India this means that diversity of innovation-directed transactions 
and knowledge sources result in a positive innovation performance. Indian 
companies appear to manage their return on innovation investment more efficiently. 
 
When the Q27 (sources of knowledge) variable is removed from the path analysis 
model for all countries combined, the relationship between Q29-Q22 (innovation-
directed transactions and innovation types) becomes strong and significant, thus 
indicating the mediating effect that sources of knowledge has on the relationship. 
 
Relationship between innovation types and breadth of innovation impact (H9) 
 
A large number of studies focusing on the innovation performance relationship 
provide a positive assessment of higher innovativeness being related to increased 
firm performance (Damanpour and Evan, 1984; Damanpour, Szabat and Evan, 1989; 
Thornhill, 2006; Damanpour, Walker and Avellaneda, 2009; Gunday, et al., 2011). 
However, this literature is generally conceptual in nature and/or focuses only on a 
single type of innovation rather than considering all innovation types as a whole. 
Process and product innovations are the most common innovation types examined. 
 
On the other hand, not all researchers report a positive association between 
innovations and firm performance as there are also some studies that indicate a 
negative link or no link at all (Chandler and Hanks, 1994; Subramanian and 
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Nilakanta, 1996). The findings of this research support the claim that innovations 
performed in automotive component manufacturing firms in a developing country 
context have a positive and significant impact in terms of strategies implemented. 
Our results also therefore support the general finding in related studies of SMEs that 
the growth of firms is positively related to the creation of innovations. 
 
6.2 Summary 

 
This research confirmed that a greater diversity of innovation-directed transactions 
with other firms leads to a greater diversity of knowledge sources and is important for 
a firm’s innovation performance in terms of the innovations introduced as well as the 
breadth of impact of the innovations – although the strength, effect and significance 
does vary across countries included in the study. The aforementioned links are valid 
across all datasets and countries included in the study. This concurs what most of 
the recent literature is arguing by saying that innovation performance is a result of 
combining several internal as well as external knowledge sources, coming from 
different geographical levels.  
 
All 3 countries 

 
To sum up, all the hypotheses are supported and significant apart from H8 of model 
2 which theorises that there is a relationship between diversity of innovation-directed 
transactions and diversity of innovation types that a firm introduces. Removing this 
path in the model had a negative effect on model fit especially with regard to the 
India data set and was deemed to be an important path within the conceptual model. 
Although the path did not show a positive relationship, it nevertheless had a 
contribution to the theory and overall fit of the combined model. Consequently, the 
hypotheses proposing the existence of a significant relationship between diversity of 
innovation strategy and breadth of innovation impact – directly and indirectly are 
supported. It also shows that the indirect relationships have a greater effect than the 
direct relationship.  
 

Individual Countries 

 

For Model 1, when comparing India and China, the main findings show that the 
regression weights obtained for India were larger with regard to the strategic 
complexity links to innovation transactions and sources of technology and knowledge 
than the regression weights for China. Both India and China had a significant 
relationship between innovation-directed transactions and sources of technology and 
knowledge, however, the path involving strategic complexity and sources of 
knowledge appears to be the biggest discrepancy between the two countries with 
India showing a highly significant path with p<0.001 while China was not significant at 
all. 
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The only significant relationship for China with p<0.05 was that between diversity of 
innovation-directed transactions and diversity of knowledge sources, whereas India 
showed significant relationships for three of its paths. China did also show a 
significant relationship at p<0.1 for the strategic complexity – innovation-directed 
transactions path as well as the sources of knowledge – innovation impact 
relationship. India appears better adapted to be able to make use of its resources 
and achieve strategic objectives more effectively in order to increase the diversity of 
innovation transactions and sources of knowledge. This, however, does not spill over 
into a greater breadth of innovation impact as there appears to be no significant 
relationships with a link to strategic complexity or innovation types.  Academic and 
industry reports suggest that Indian firms are increasingly building differentiation and 
hybrid strategies to access international markets, partly because they do not have 
the low cost advantage that Chinese firms enjoy (Balasubramanyam and Forsan, 
2013). Consequently, differentiation seems to be the option for Indian firms and why 
the results differ from that of China. Studies by Chaminade and Vang (2008) and 
Niosi and Tschang (2009), confirm that while Chinese firms are focusing more on 
their domestic market, Indian firms seem to be exploring the international market 
more intensely in recent years.  
 
For Model 2, China had three of eight paths with a significant relationship (p<0.5) 
compared to India which had six significant paths of the eight. In addition, two 
relationships were negative in China’s case, although both these relationships were 
not significant. None of the countries showed a significant direct relationship between 
strategic complexity and breadth of innovation impact i.e. complexity in strategy does 
not lead to diverse impact of the most significant innovation. It is also possible that a 
larger dataset with more respondents is able to give a more accurate and 
representative view of the relationships that exist. Furthermore, there is evidence to 
suggest that there is a relationship between the complexity in strategy and diversity 
of innovation types for India, but that this does not result in a greater breadth of 
innovation impact. In the case of China, this appears to be the opposite, with there 
being a significant relationship between diversity of innovation types and breadth of 
innovation impact, but no relationship between strategic complexity and diversity of 
innovation types. 
 
Being able to find similarities and make inferences about the two individual countries 
is difficult, as India and China appear to have different innovation strategies with 
differing successes. The larger dataset combining these countries appears to be a 
more representative view of the relationships that exist due to the larger size of the 
dataset that would appear to allow the underlying significant relationship to emerge 
that is not evident with the smaller samples of the individual countries. 
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6.3 Economic Crisis and the Possible Effects on this Study 

 
Also worth noting is the global economic crisis and the effects it had on the 
automotive industry and possibly on this study. The processes of liberalisation and 
globalisation dominated the period leading up to the financial crisis, resulting in 
increased foreign investment and ownership of automotive manufacturing firms in 
developing countries. The effects of the crisis were different in different developing 
countries, depending on the market and what policies were in place. For most 
developing countries, however, the primary effect was an acceleration of the shift of 
production from developed to developing countries, as well as the accelerated 
consolidation of both assemblers and component suppliers. In several of these 
developing countries, technological transfer was increasingly made possible through 
the purchase of knowledge-intensive assets from developed countries. (Gastrow, 
2012). 
 
OEMs have also transferred their project management pressures to their Tier 1 and 
Tier 2 suppliers. They are working increasingly with fewer Tier 1 suppliers who 
manufacture sub-assemblies, co-ordinate down-the-line supplier activities, and co-
develop new products which have led to component manufacturer consolidation. This 
would point to component manufacturers having to work closer with other firms in 
order to become system suppliers instead of individual parts suppliers in order to win 
new business. It also involves suppliers having to invest in new technologies and 
have collaborations with international suppliers in order to understand these 
technologies and acquire new equipment and skills.  
 
It is mostly agreed that the 2009 economic crisis served to shorten long term trends, 
and is the view of Sturgeon and Van Biesebroeck (2011:187) that the most notable 
points are: 
 
i) The shift of automotive production to developing/newly developed countries, 

where the sales growth has been strongest, 
ii) Consolidation in the global supply base and in final assembly, and  
iii) The internationalisation of automakers from developing/newly developed 

countries (e.g., the Chinese automaker Geely’s takeover of Volvo). 

Large developing countries such as India and China increased their capacity for 
production in addition to adapting the products for local use. India, for example, has 
been one of the few countries worldwide which saw growing passenger car sales 
during this recession. In fact, in 2009-10 it recorded its highest volumes ever and it is 
believed this upward trend will be sustained in the foreseeable future due to a strong 
domestic market and increased drive on exports. The Chinese industry was among 
the least affected by the crisis, due to the Chinese government's economic growth 
package and the stimulus package specifically targeting the automotive sector. 
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Smaller developing countries such as South Africa, however, “increased their 
production capacity but not their innovation capacity” (Gastrow, 2012:5903). 
 
The economic crisis could have affected firms, and ultimately the results of the study. 
According to the OECD (2009), it may have: 
 
i) Reduced the entry rate of innovative start-ups that were still at the creation 

phase due to high entry barriers that now existed. 
ii) Hastened the decline of young innovative firms which were experiencing a 

cash flow reduction and which could not seek financial aid from a failing credit 
system. 

iii) Lead established firms to avoid more risky or innovative projects. 
iv) Forced established firms to shelve and reduce investment in new projects, 

and, 
v) Slowed down knowledge transfer, diffusion and adoption along local and 

international value chains. 

The overwhelming majority of firms affected by the crisis were small-and medium-
sized firms and with the reduction of cash-flow the innovative potential of these firms 
was potentially constrained. This is a cause of concern, as the performance of firms 
is largely dependent on their innovation strategy and capacity to innovate. Despite 
these challenges, the crisis also provided opportunities for the industry to address 
structural inefficiencies and imbalances at the global level.  
 
The automotive manufacturing industry is also very mature with established patterns 
of operation that resist change. Charles Fine (1998), in his book, “Clockspeed”, 
describes automotive companies as having a lower frequency of change, meaning 
that the industry only refreshes its car and truck models every 4 to 8 years. The 
billions of dollars that are invested in an engine or assembly plant is expected to last 
for over 20 years. The organisations themselves are similarly slow at making 
changes if one assesses the intervals between CEO transitions, restructuring and 
ownership changes which typically occur every 10-15 years (Fine, 1998). What this 
points to is that an economic crisis of a couple of years is not expected to have 
drastically changed the workings of the industry. Global automotive production 
recovered to a large extent within only two to three years after the global economic 
downturn (OICA, 2015). Developed country MNCs have had to gear up to exploit 
new opportunities and resources in emerging markets, and emerging market firms 
have had to figure out how to take advantage of opportunities and resources in the 
rest of the world. The current industry situation shows that not only did emerging 
markets (the BRICs and RoW) account for almost 60 percent of worldwide 
automotive profits in 2012, these regions are in a position to significantly outpace 
growth in established markets over the coming years. Profit in the BRICs and RoW is 
projected to grow more than three times as fast as in developed markets. By 2020, 
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emerging markets will account for approximately two-thirds of the total automotive 
profit, and China will be the driving force. (Mohr, et al., 2013). 
 
6.4 Contributions to theory and practice 

 
The present study contributes to the literature, first, by examining together, in the 
same model, the links between strategy, innovation and performance as summarised 
in Figure 6-1, and by using broad measures of each.  
 

 
Figure 6-1: Model depicting Contribution of Study 

 
One of the main contributions of this study is the development of theory in the 
strategic management area. It integrates the innovation, knowledge sources and 
strategy literatures and is also the first effort to develop and examine a structural 
equation model that connects all these factors. It also unifies and resolves the 
inconsistent results found in preliminary supporting research at the University of 
Pretoria on these relationships. Second, this study provides strong support for these 
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links and shows that most of the relationships are significant and positive. This study 
determined the strength of these relationships, which relationship had the most 
significant impact on innovation and how this relationship contributed to the overall 
strategy employed in terms of increased quality, turnover, decreased cost and/or 
delivery time as well as development of new products and/or services. By 
understanding these relationships it is possible to provide strategic insights both to 
government policy-making and to corporate strategy. One of the aims of this 
research is to improve the overall firm performance and the breadth of impact that 
innovation has on the growth of automotive component manufacturing firms in 
developing countries by improving the policy options supporting innovation. Variables 
like firm size, age, industry or environmental turbulence, were not considered, though 
these variables will, however, influence how intense the relationships are. The 
particular emphasis of this paper is on determining the relationships that most 
influence the innovation impact in automotive component manufacturing firms from 
the developing countries of China, India and SA. 
 
This study provides insights on how a firm’s capability to interact and transact with 
other firms in order to acquire and create new knowledge, as well as how its 
capability of finding and utilising these new knowledge sources will increase the 
resultant impact of innovation. It shows a possible path to a greater innovation 
performance for automotive component manufacturers in developing countries, and 
contributes to the development of more robust theories that put a firm’s capability to 
deal with innovativeness and knowledge-sourcing as the focus of its value creation 
processes. Besides the finding that strategic complexity in the larger combined 
country dataset is positively and significantly associated with a greater breadth of 
impact of innovation in terms of the market access strategies implemented, it also 
observed that diversity of technology and knowledge sources, and innovation types 
play a fundamental role in this relationship. Our findings support the fact that a 
diverse innovation strategy should be developed and executed as an integral part of 
the business strategy. Managers should recognise and manage the different 
innovation strategies in order to boost their operational and innovation impact. 
Having a clear understanding of the value of diversity of its sources of knowledge 
and technology will help firms to prioritise their market, production and technology 
strategies. 
 
The outcomes of this study may assist engineering managers of automotive 
component manufacturing firms in developing countries on innovation strategy 
options. First, managers of firms should put additional emphasis on innovations as 
they are important for achieving sustainable competitive advantage and a greater 
breadth of impact. Firms that have a large number of knowledge sources are also 
able to increase their learning and improve their innovative capabilities. They can 
therefore expect a significant improvement of their production and market 
performance if managers encourage and implement a high level of innovation 
activities. The object of their learning includes manufacturing processes and product 
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specifications and the results become apparent in the upgrading of how they operate, 
what they make, and how they position themselves in the value chain to which they 
belong.  
 
By establishing a link between knowledge sources and innovation impact, this 
research serves to inform managers that firms need to be effectively managed for 
overall knowledge sourcing capability. Effective management of knowledge sources 
and shrewd interactions with other firms involves a focus on areas and processes 
that include a variety of different aspects, from the acquisition of machinery and new 
knowledge, to the installation and application of this knowledge. By managing this 
knowledge more effectively, managers and their companies can improve their 
innovation activities so that they can perform more effectively. It is also important that 
this management of knowledge includes not just the buying of the right equipment or 
technology, but also the understanding of the knowledge behind the technology in 
order for the firm to be able to grow and compete. 
 
This study may also inform policy makers and developmental organisations in 
understanding and supporting these firms to develop the strategies that will allow 
them to survive, contribute to, and innovate in the global automotive industry. It is 
recommended that policy interventions to support automotive component 
manufacturers are to be directed at those areas of technology and knowledge 
sourcing and innovation transactions predominantly employed by firms in this 
industry. Policies should include effective skills development, R&D rebates, 
incentivised tooling and equipment investment, enhanced knowledge distribution, 
and financial start up assistance for key suppliers in missing segments. 

Decision-makers in developing countries also need to consider strategies for the 
automotive industry within the context of trends in global markets. This also does not 
mean that a single strategy is appropriate across all developing countries. The type 
of strategy (knowledge sourcing or innovation) employed – whether diverse or not – 
could depend on a number of factors including what markets they are trying to 
access, what environment they are in, what sources they have access to and what 
their final aim or strategy is. Local firms insure themselves against uncertainty by 
diversifying their portfolio in terms of customers and markets and by trying to improve 
control over how and what they produce. Component manufacturers should therefore 
adopt and practice complex innovation strategies, linked with diverse sources of 
knowledge and innovation transactions with other firms, in order to survive and in this 
competitive industry. This should allow them to grow to the level of competitiveness 
that exists in India and China. In short, the conceptual model demonstrates what 
needs to be done to gain sustainable competitive advantage through innovation. 

This study highlights how automotive component manufacturing firms should strive to 
build their relationships in a developing country setting. This chapter presented a 
discussion on the hypothesised relationships between strategy, innovation and 
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performance presented in Table 6-1. These relationships were explored and 
discussed through examination of the existing literature in light of the findings of this 
research.  
 
6.4.1 Potential Research Limitations  

 
Although this study has several strengths, it also has some limitations that need to be 
acknowledged. Some of the limitations include: 
 
First, due to the wide range of content encompassed by the innovation strategy topic, 
as well as the various exogenous factors associated with it, there may inherently be 
other variables that have an effect on the results. The study does not accommodate 
for the different costs that are associated with accessing different sources of 
knowledge or strategies nor does it control for size of firm. Because larger firms have 
access to greater financial and human resources, these firms may have a greater 
ability to achieve at least a single innovation, therefore firm size as well as  R&D 
spend can be expected to play a role. This also warrants future research attention as 
to how these can be accommodated and considered in a conceptual model.  
 
Second, the scope of the research is limited to the South African, Chinese and Indian 
automotive industry and cannot be used to make inferences about other industries or 
developing countries. Additionally, the data collected in India were from the Pune 
region only and that collected in China only from the Beijing area. While these are 
industrial hubs, any inference made cannot be generalised to the Indian and Chinese 
automotive component manufacturing population. 
 
Third, we cannot say for sure whether innovations or significant enhancements have 
actually taken place in the firms. As the analysis was based on self-reported data 
provided by the highest ranking officer, their view and knowledge may not be 
consistent with other people in the organisation – in some cases they would have to 
rely on other’s interpretation or judgement. For example, the newness of innovations 
is much in the eye of the beholder: innovations may have different degrees of 
significance and uniqueness, depending on who is asked (Freel, 2005). In this study 
the data were gathered from single informants only. The study can suffer from 
potential response bias associated with the “single informant” (Neuman and Kreuger, 
2003). Due to their position in the firm, the highest ranking officers may be biased in 
their view of the state of affairs in their firms. It is possible that different results would 
have been obtained if multiple informants had been used. Na°s and Leppa¨lahti 
(1997) point out that qualitative information about the firm and its activities is highly 
dependent upon who the respondent is, and what function he or she performs in the 
organisation. On the other hand, it was precisely the opinions of the targeted 
population who the study was interested in, so this limitation was not considered as 
too severe. The underlying assumption behind this method of investigation is that 
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senior managers, by virtue of their position in the company, are capable of providing 
opinions and perceptions that reflect the company’s behaviour.  
This respondent bias may not be a serious problem, but a multiple informant 
approach could be adopted in future research. The complications of conducting a 
large-scale empirical study using multiple informants, however, should not be 
underestimated (Yam, et al., 2011). 
 
Fourth, in assessing the impact on innovation of the diversity of strategies and 
knowledge sources, it is also important to account for the fact that some strategies 
and knowledge sources may have a greater importance than others. The 
investigation has tried to account for this by giving a greater weighting to the different 
types of markets being accessed as well as the level of knowledge sources that were 
used. If a particular strategy is relatively unimportant to the firm, or if a knowledge 
source provides relatively little useful knowledge to the firm, including them in the 
analysis would overstate the actual objectives and knowledge sources relevant to 
innovation. 
 

Fifth, the findings rely on cross-sectional data, rather than longitudinal data. This 
limits the findings to a snap-shot in time as opposed to a longitudinal study which 
could reveal trends over time. It, therefore, may not reflect changing situations and 
the series of relationship phenomena between the variables over a longer period. 
The cross-sectional nature of the data limits potential findings. As resources are 
accumulated and managed over time, a longitudinal approach would provide more 
reliable data. For example, while the relationship between strategic complexity and 
breadth of innovation impact was relatively poor compared to the others in this study, 
longitudinal data could provide a focus on the different strategies employed and allow 
a firm to specifically monitor the effectiveness as opposed to a cross-sectional study 
whereby a firm is suddenly asked to try ascertain whether the impact was actually a 
result of a particular strategy which was perhaps unintentionally initiated to begin 
with. The cross-sectional data may also be affected by the respondent’s 
predisposition of any events that have happened in the past or by the state of mind at 
the period of filling in the questionnaire. The cross-sectional data were collected in 
2008/9 for 2007 operations and hence may not reflect current conditions, especially 
the impact of the global economic crisis of 2008 and 2009. It may be noted, however, 
that the automotive manufacturing industry is mature with established patterns of 
operation that resist change. Global automotive production recovered to a large 
extent within only two to three years after the global economic downturn (OICA, 
2015). 
 
Sixth, although interviewers received training, interview bias cannot be eliminated. 
Similarly, though the same survey was used in the three countries and substantial 
effort made in order to appropriately standardise the instrument, cultural differences 
in interpreting questions cannot be eliminated. Also, even though the same 
questionnaire was used in the two countries, the methodology to collect the answers 
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has been partially different (mainly by phone call in China, face to face in India and 
South Africa). As this research included data from South Africa, India and China, a 
factor that may influence the results is national culture. Shane (1994) found that 
national culture influences the way in which managers champion innovation. While 
China and India share many similarities as eastern-style cultures and developing 
countries, there remain several factors that differentiate them from each other. One 
of which is the understanding of the English language which would have been crucial 
to how the questions were asked and how they were interpreted. People from India 
are generally more used to the English language and would have been able to 
understand the meaning of the questions (and possibly some of the words) far better 
than the Chinese. This is another possible explanation for the difference in results 
that were seen between China and India. 
 
Finally, as is often the case in developing countries, it is not always possible to 
calculate the total population of firms with confidence and thus, it is difficult to say 
with certainty whether the sample or the response rate in the clusters of China and 
India is representative. Also, while our results provide some interesting insights on 
the relevance of the different relationships in the innovation process, it also needs to 
be emphasised that the data from the firms of the three different countries have been 
captured at a stage when their strategies are still evolving and the results may 
change as these economies mature (Lv, et al., 2012).  
 
As mentioned previously, some of the theoretical arguments suggest diminishing 
returns to breadth of innovation impact when too many strategies or sources are 
attempted. This study does not investigate whether complex strategies and sources 
of knowledge do indeed display diminishing returns, but it is nevertheless an 
argument worth considering.  
 
Whilst acknowledging the above limitations, this research exhibits an effective 
comprehension of the relationships that exist between innovation strategy, sources of 
technology and knowledge, innovation-directed transactions and innovation types 
and innovation importance. Accordingly, the study authenticates the developed 
framework. This also highlights how automotive component manufacturing firms 
should strive to build their relationships in a developing country setting. This study 
provides a solid foundation for further research avenues and hence several 
suggestions are made for future research. 
 
6.4.2 Further research  

 

This thesis research contemplates a developing country context as an overlooked 
area in the academic research and therefore provides some insights and directions 
for academics for further research: 
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• A more comprehensive insight into the effect of the path link between strategy 
complexity on breadth of innovation impact can be obtained by introducing a 
less stringent filter in Q23 to allow for a greater scope of impactful innovations 
to be reflected in Q25, thereby providing a more liberal assessment of the 
breadth of impact of innovation. Some recommendations on possible detail 
have been provided earlier in the chapter. 

• Given the predominance found of the knowledge sourced from employees, 
suppliers, clients and competitors, models with paths between strategy and 
impact of strategy implementation that include determinants for these 
variables, e.g. education level of employees and participation in benchmarking 
groups with competitors, can be conceived. 

• It is assumed that different technology and knowledge sources also vary in 
their importance for the different innovation strategies. This study does not 
present any hypotheses about the importance of the different individual 
technology and knowledge sources. Nevertheless, it is assumed that there 
exist different routes through which information and knowledge of different 
types influence the different innovation strategies of firms, which might 
generate differences in innovation success. (Karlsson and Tavassoli, 2016). 
By better understanding which sources go with which strategies, it will allow 
better support in the right areas. 

• Although researchers appear to have a good understanding of innovation 
strategies individually, the effects of pursuing various innovation strategies 
simultaneously are still not well known, especially in the developing country 
context. Two further questions would be worth exploring:  

o Which innovation strategies should the company pursue in order to be 
more successful? 

o Which innovation strategies go well together, and which do not? 
• A follow up study could be useful to determine if any changes in the innovation 

process have occurred since the original survey. Global strategies in India are 
still evolving (Lv, et al., 2012), and the effects of the global economic downturn 
of 2008 may have changed the situation in some respects. The opportunity to 
include other successful developing countries should also be considered. 

• Future studies on innovation and innovation strategies could consider a 
longitudinal study to allow for the testing of the long term impacts. 
 

6.4.3 Lessons Learned and Recommendations for SA 

 
South Africa has not seen the growth that China and India have experienced and 
data shows R&D intensity declining among both assemblers and component 
manufacturers (Lorentzen, 2005; Alfaro, et al., 2012; B&M Analysts, 2016). The 
cluster appears to have grown, however knowledge-generating capabilities have 
stagnated, and South Africa’s automotive industry is in danger of becoming a 
production centre with a decreasing proportion of knowledge-intensive activities. It is 
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therefore important for decision-makers to understand the role that the diversity of 
strategies, knowledge sources and innovation types have on the innovation 
outcomes and how they can contribute to increasing a firm’s knowledge-generating 
capabilities. It is also important to look at relationships observed in other developing 
countries to provide indications of potential areas of support for South African firms.  
 
Sturgeon and Van Biesebroeck, (2011) noted that small developing countries far 
from large existing markets have generally been unable to develop a recognised 
automotive industry. In addition, they also found that in most countries with small, 
easily saturated markets, it has been extremely difficult for local firms to develop a 
significant role in this industry. The result of this is that the geographic shift from 
developed countries to emerging economies has been most profound in the larger 
developing countries like China, India, Brazil, Thailand and Mexico. The 
disadvantage of location and small size of the South African domestic market plays a 
major role in knowledge and innovation strategy selection by South African firms. The 
diversity of OEMs in India and China also creates a more diversified market for 
automotive components than in South Africa. A few midsize developing countries, 
such as South Africa, however, are large and rich enough to support vehicle 
assembly for their domestic markets as long as they can export to their wider regions 
as well. Countries like South Africa, Turkey and Thailand have already become final 
assembly hubs to the export market, but a larger market closer to home would allow 
growth a step closer to that of China and India (Sturgeon and Van Biesebroeck, 
2011).  

The African market is relatively small, but its significant growth potential is still 
underserved by Western manufacturers. Car manufacturer BMW even announced 
that Africa has at least as many opportunities for them as BRIC countries (Maturana, 
et al., 2015). If South Africa were to target the growth potential of the growing African 
market it could open the possibility of creating a domestic market large enough to 
attract more MNCs. These MNCs could set up operations and facilities creating a 
scenario similar to that which occurred in China and India whereby the large 
domestic market creates sufficient demand for its own innovation focus. South Africa 
would need to re-orientate its industry and adopt innovation strategies and 
knowledge sourcing practices similar to those employed by firms in China and India.  

Given the importance of diverse knowledge sources, some of the relevant challenges 
facing SA in an attempt to diversify their innovation strategies and improve 
performance include: 
 

1. Lack of skills to grow sector: Despite training incentives provided by the 
government, existing efforts to facilitate skills training are insufficient to grow 
the sector rapidly. Overall progress has been too slow. There has also been a 
loss of core skills and an exodus of skilled labour e.g. toolmakers. 
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2. Lack of expertise to do R&D and design: SA is not developing sufficient 
innovation and technology. There is also a lack of R&D and testing facilities in 
South Africa with almost all of the design, testing, and proof work occurring in 
Europe. This makes it challenging for SA to move up the value chain in the 
automotive cluster. 

The SA automotive cluster offers a strategic location at the gateway to Africa and 
other international markets, an established OE presence (with sunk capital), 
demonstrated production capabilities and national government support, however, this 
value proposition has not been enough to initiate an escalating growth path. In order 
to make the cluster more competitive and perpetuate growth in the short, medium 
and long term, some recommendations can be made:  
 
Short Term 

 

Policy interventions to support automotive component manufacturers are to be 
directed at those areas of technology and knowledge sourcing and innovation 
transactions predominantly employed by firms in this industry - allow them to grow to 
the level of competitiveness of their counterparts in India and China. Learning 
interventions need to be built into innovation and incentive schemes (e.g. APDP).  
SA needs to optimise its current knowledge sourcing strategy by investing more in 
training and up-skilling of its employees, and by organising better collaboration 
between stakeholders. SA needs to build a workforce that possesses the necessary 
skills to expand the sector.  
 
It needs to have a stronger technology focus in the component industry to drive a 
local content increase. There is a conundrum in that the industry needs the relevant 
knowledge and design skills in order to increase localisation opportunities, but on the 
other hand, localisation is necessary in order to create employment and acquire new 
skills and technology. Therefore, an important aspect is that whatever policies are put 
in place, one of the outcomes needs to be growth in employment. There is a need to 
encourage localisation amongst OEMs because increased localisation means 
increased employment. Policies, therefore, need to be aimed at developing these 
initial skills, for example the development of technical skills through artisan 
development programs. Currently there are not enough artisans in SA. However, the 
industry also cannot rely on Government support alone and there needs to be 
involvement from all stakeholders in filling this education and skills development gap. 
 
There is a need to diversify knowledge sources and innovation-directed transactions 
beyond those locally available. Firms should promote the acquisition of new 
knowledge, for example by making employees attend conventions and exhibitions 
regularly, consolidating their R&D policy and fostering the development of new ideas 
and experimentation within the firm (Jiménez-Jiménez and Sanz-Valle, 2011). Focus 
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should be on acquiring new technology in the form of new equipment and machinery, 
and understanding the underlying knowledge behind this technology in order to 
further develop and compete in the industry. In order to ensure growth in this area, 
policies should be enabled around the acquisition and global sourcing of tooling and 
equipment with tax rebates for investments and localisation improvements e.g. 
Thailand which offers duty-free importation of machinery (ITA, 2016). Firms need to 
find a way of using these technology sources to develop high level skills in SA e.g. 
using design and development skills or building equipment locally at a competitive 
price. 
 
They should enhance the knowledge distribution and interpretation within the firm, 
e.g. by using formal mechanisms to guarantee the sharing of best practice among 
different employees and departments. Firms should also try to retain and nurture the 
knowledge they create by using updated databases and networks that capture and 
provide easy access to this knowledge. 
 
In summary, SA needs to have the right skills, and be able to acquire the necessary 
machinery, tooling, equipment and knowledge in order to increase confidence, grow 
profits and improve the breadth of impact of its strategies. It needs to attract the 
correct investment levels across the value chains.  
 
Medium Term 

 

In the medium term, SA needs to not only keep and sustain its current OE 
investments, but the cluster needs to find new sources of demand and reach new 
scale levels in production. This can be realised by exporting more to emerging 
markets in Sub-Saharan Africa (SSA), and by attracting Asian manufacturers and 
more suppliers in missing technology sectors. One approach to operate in 
international markets could be to build capabilities through learning from their parent 
companies which many of the South African firms have links to. Elango and Pattnaik 
(2007) found that firms in India could increase their exposure to international markets 
by increasing their network size as well as by participating in foreign partnerships. 
Therefore by increasing the number of innovation-directed transactions with other 
firms, which include acquiring of machinery, research collaborations and licensing 
agreements, a local firm is able to increase it sources of technology and knowledge, 
and in doing so, is better placed to be able to increase the breadth of impact of its 
innovation strategies. 
 
Another approach would be to identify products unique to SSA, which is not likely to 
be manufactured globally, thus limiting competition from the outside (B&M Analysts, 
2016). The African market is relatively small, but has significant growth potential for 
European and US manufacturers, especially if they can use SA as the gateway to 
this region. However, better infrastructure, logistics and access to technology and 
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knowledge sources is necessary to make this a reality. More Asian manufacturers 
also need to be incentivised in order to invest in South Africa and make use of 
localised components as opposed to shipping them in from the East. In line with this 
study’s findings, firms therefore need to have more complex market access 
strategies in order to target the different markets and products that will lead to better 
growth. 
 
Long Term 

 

Finally, even if the cluster implements the above recommendations in the short and 
medium term, any growth will still saturate relatively quickly and not meet targeted 
levels if a long term strategy is not created that will move the cluster to more value-
adding activities. In order to continue growth in the long term, the cluster needs to 
move towards more value-adding innovation activities and capabilities, such as R&D 
and design. Most design activities and approvals take place in developed countries, 
but these specifications can be over-specified for local conditions e.g. shorter service 
intervals in SA or even under-specified e.g. dusty local conditions experienced by 
heavy duty vehicles which affect the air-induction system. The localisation of design 
activities could encourage R&D and foster new learning activities amongst local firms 
resulting in fit-for-purpose designs for local conditions.  
 
Given that SA at present suffers from inadequate availability of the skills and 
institutions to engage in these activities, the strategy needs to be gradual and 
adaptive, and focus on deepening its innovation capability. It is important to involve 
all relevant stakeholders in developing this strategy. Also, the SA government must 
create the right incentives for companies and it could also consider temporarily 
subsidising start-up funds if necessary. At some point in this strategic process, 
setting up a dedicated R&D institute for the automotive cluster may be an appropriate 
way to stimulate and co-ordinate activities to move up the value chain.  
 
6.4.4 Final Remarks 

 
As mentioned in the first part of this thesis, the general purpose of the initial project 
on which this thesis is based, was to “improve policy options to support innovation-
based upgrading in different clusters (in South-Africa)”, which included considering 
aspects of learning, knowledge generation and innovation. This broad purpose has 
been supported for the cluster studied. 
 
The main objective of this study was to investigate the relationships between 
strategic complexity, knowledge sources, innovation-directed transactions, innovation 
types and innovation impact within the context of the automotive component 
manufacturing industry in developing countries. To our knowledge, this is one of the 
first statistical studies to assess the above relationships together in a developing 
country context. These results also have the advantage that they derive from a 
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sample of automotive manufacturing firms in three different developing countries. 
The empirical results for the combined countries dataset support the primary 
proposition of this study which states that strategic complexity is associated with a 
greater breadth of innovation impact. The greatest effect, however, appears to take 
place through the indirect path involving diversity of sources of knowledge, as well as 
diversity of innovation-related transactions with other firms. When considering 
policies to improve a firm’s innovation performance or impact, policy-makers should 
consider sources of knowledge and innovation-directed transactions with other firms, 
and this should influence the way a firm is organised in order to exploit the resources 
available to them. The present study suggests that sources of technology and 
knowledge facilitate innovation and the resulting impact. Therefore, an organisation 
hoping to enhance the breadth of impact that its market access strategies and 
innovation has, should increase its diversity of knowledge sources. This conclusion 
seems to be especially important for firms in developing countries. 
 
Due to obvious differences in economic size, many resources are not as plentiful in 
developing countries such as South Africa, such as financial resources or knowledge 
resources. This situation forces companies with a strong desire to grow to be more 
innovative in acquiring or accessing limited resources – whether this be accessing 
knowledge through its employees, customers or suppliers, or acquiring new 
knowledge in the form of machinery through external suppliers and other firms. 
Additionally, the situation can force firms to find new methods of applying or 
combining existing resources, to become more innovative in utilising those resources 
that they already have within their resource portfolios.  
 
Overall it can be concluded that the relationships observed between strategy 
complexity, diversity of sources of knowledge and innovation directed transactions 
provide indications of potential areas of support for South African and other 
developing country automotive component manufacturers. The diversity of 
transactions and information sources that firms are involved in is based on the 
innovation strategy that they adopt, and this will determine their survival in a 
competitive, global market. Firms in developing countries should no longer see 
diversification as a defensive strategy against risk and uncertainty, but a necessity for 
survival in a competitive world. The possession of a wide range of technological 
competencies forms the basis from which firms can move into new areas in the 
future. Technological diversification shouldn’t be a random or ad hoc activity, but 
should be a well thought-out strategy that ties in with the overall strategy of the 
company. It must enable the firm to react quickly to what the market is telling it by 
employing a new technology or innovation source, for example, in order to produce 
the same goods more efficiently or at a lower cost than before. The manner in which 
a firm successfully mitigates risk, which products or services it offers, and how 
quickly it reacts to what the market is telling it, will depend on the diversity of its 
innovation strategies and how it diversifies its technological innovative knowledge 
when striving for the targeted level of strategic innovation. 
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Finally, and more precisely, the study has found all of the key constructs to be 
reliable and valid in the present context, but these are tentative unless verified and 
refined in a new and/or different research context.  
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Appendix A: Questionnaire for Automotive Component South Africa 

 

 

 

 

Insert logo of partner institution here 

 

 

 

 

 

 

 

 

 

QUESTIONNAIRE FOR FIRMS 

 

”INNOVATION-BASED STRATEGIES FOR GLOBALIZATION”  

 

Questionnaire for “AUTOMOTIVE COMPONENT” 

 

 (SOUTH AFRICA) 

 

 

 

 

 

Person that makes the interview_______________________________ 

 

Date of the interview________________________________________ 

 

 

 

 

 

 

NOTE: Please answer all questions in relation to the status and activities of your unit in 

2007 
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I. COMPANY BACKGROUND 

 

1. Company name  

 
2. Is this unit…. 

� A single plant firm 

� Part of an enterprise group1 . If part of an enterprise group, this unit is  

� The head office  � A subsidiary 

 

In which country is the head office of your group located?_________________ 

 

If your unit is part of an enterprise group, please answer all subsequent questions in relation to this 

plant in SOUTH AFRICA only. 

 

Do not include results from parent or other enterprises outside of SOUTH AFRICA 

 

 
3. Year of establishment in South Africa  

4. Location city of this unit  

5. Web site  

6. Ownership 
 

� Percentage of domestic capital _____% 
� Percentage of foreign capital    _____% 

 

7. Number of employees (average full-time equivalent for 2007) 
� 1-9   �  50-99 � 250-499      � 1000-2499 
� 10-49  �  100-249 �  500-999            � More than 2500 

 

8. Please indicate the total sales (in 2007) 

 

Estimation of total sales in RAND __________________           

Or, alternatively2: 

 

� Less than 2 million US$       � Between 10-50 million US$     � More than 100 million US$                  � 

Between 2-10 million US$    � Between 50-100 million US$              

 

9. Please indicate the estimated percentage of your company’s sales according to the following 

categories:  

 %  sales 

Products manufactured by your unit according to design specifications provided by external 

buyers (Original Equipment Manufacturing – OEM) 

 

Products developed and designed by your unit according to performance 

requirements of buyers (Original Design Manufacturing – ODM) 

 

Products developed and designed by your unit and sold under your own brand (Original 

Brand Manufacturing – OBM) 

 

Others (please describe) 
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10. a Please indicate the destinations of your sales in 2007 (estimated percentage on total sales) 

Destination % sales 

Domestic market  

North America (US and Canada)  

Western Europe3  

Africa (except domestic)  

Other, please specify__________  

 100% 

 

10. b Click here � if you estimate that more than 50% of your domestic sales are further exported 

to international markets 

 

 

11. Please indicate the origin of suppliers in 2007 (estimated percentage on total purchases) 

 

Origin %  

purchases 

Domestic market  

North America (US and Canada)  

Western Europe4  

Africa (except domestic)  

Other, please specify____________  

 100% 

 

12. Please indicate to which segments in the automotive industry you supply your main product.  
 

            Light vehicles:                              High commercial vehicles: 

 

� Passenger cars                       �     Medium-heavy commercial vehicles 
� Commercial vehicles                �    Heavy trucks 

      �     Buses and coaches 

 

13. Please describe the highest value product, process or activity of your unit (2007)5 
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14. a. In the automotive component industry, which of these activities in the value chain did your 
unit perform in 2007? (Tick each box in the graph where your unit was involved) 

 

 

14. b.  As a supplier of automotive components, please indicate if you are: 

 

� First tier supplier  � Second tier supplier � Third tier supplier � Other _______________ 

 

 

II. STRATEGY TO ACCESS LOCAL AND FOREIGN MARKETS 

 

15. Please indicate which strategy is mainly being used to access each of the markets: (mark with a X 
all that apply) 

 

 

 

 

 

Quality
6
 Cost

7
 New 

products 

or services 

Strategic 

partnership  

Access domestic 

market 

� � � � 

Access markets in other developing 

countries
8
 

� � � � 

Access other markets in industrialized 

countries 

� � � � 

 

III. RESOURCES 

 

16. a. Is your machinery and equipment behind or ahead the average of the industry in South 
Africa? 

 

� Ahead     � Behind     � Average    � Not known 

 

         b. For how many years (ahead or behind)? ____    

 

17.   How many patents per employee did your unit register in 2007? ____     
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18. In 2007, what was the estimated proportion of employees in each of the following 
categories? 

 

a. By position %  b. By education % 

Shop floor   Technical education/training   

Supporting staff9   University degree   

Managers   Postgraduate studies   

 

19. Does your unit employ any of the following systems of production organization? (check all that 
apply) 

 

� Quality control systems 

� Just in time 

� Continuous improvement 

� Quality circles, team work 

� Internal manuals 

� Other (please specify) _________________ 

 

20. Does your unit have any quality certification? If so, which one? 
 

� ISO        

� Other, please specify______________ 

� Other, please specify______________ 

 

21. Do you have an R&D department? 

 

� No � Yes, how many employees in the R&D dept as a percentage of total staff?_____ %  

 

IV. TYPE AND IMPORTANCE OF INNOVATION   

 

Product innovation10 and Process innovation11 

22. During 2007, did your unit introduce any of the following 

innovations?  
        If you did not, leave the rows blank 

        If you did, please put a cross under one of the three columns   

        indicating the degree of novelty 

        N
e
w

 
to

 
th

e
 

w
o
rl
d

1
2
 

N
e
w

 t
o
 d

o
m

e
st

ic
 

m
a
rk

e
t1

3
 

N
e
w

 
to

 
th

e
 

fi
rm

1
4
 

P
ro

d
u
ct

 P1. New or significantly improved goods15.     

P2. New or significantly improved services.    

P
ro

ce
ss

 PR1. New or significantly improved methods of manufacturing16     

PR2. New or significantly improved logistics17     

O
rg

a
n
iz

a
ti

o
n
a
l 

 

O1. New internal management practices18 

   

 

O2. New methods of organising external relations19 

   

 

23.  Which one of the product/process/organizational innovations selected on the previous question 
22 had the most significant impact20 on your unit performance during 2007? (Please indicate the 
code P1, P2…..) 

      _________ 
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24. For the most important innovation for your unit (as selected on question 23) please indicate who 
contributed mainly to its development. (Select the most appropriate option) 

 

�  Mainly your unit 

�  Your unit together with other companies 

�  Your unit together with a university or research center 

�  Other (please specify)______________________________ 

 

25. Please indicate if this innovation (as selected on question 23) had an impact on your main 

strategies to access international or domestic markets. (Check all that apply) 
 

� It contributed to increase the quality of our products or services 

� It contributed to reduce the costs of manufacturing our products or supplying our services 

� It helped improving our delivery time 

� As a consequence, we developed new products or services 

� Other, please specify 

 

26. Look at the following list of innovation activities. Did your company 

engage in any of those in 2007?  
If you did not, leave the rows blank.  

If you did, please indicate with a cross whether the activity was conducted 

mainly locally, domestically or internationally. 

L
o

c
a

l 

D
o

m
e

s
ti

c
 

In
te

rn
a

ti
o

n
a

l 

Intramural R&D21    

Extramural R&D22    

Acquisition of machinery and equipment23    

Acquisition of other external knowledge24    

Training25    

 

V. LINKAGES AND CHANNELS 

 

Sources of technology and knowledge 

27. Were the following sources of technology and knowledge important for your 

product/process innovation developed in 2007? 
If not, leave the rows blank.  

   If yes, please indicate with a cross whether the sources were mainly local, domestic or 

international 

L
o

c
a

l 

D
o

m
e

s
ti

c
 

In
te

rn
a

ti
o

n
a

l 

Existing employees (excluding returnees from abroad)    

Existing employees who are returnees from abroad     

Suppliers    

Clients    

Competitors    

Consultancy companies    

Universities     

Government26    

Other (please specify)_____________________    
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Content of the collaboration 

 

28.  For companies that collaborated with local, domestic or 

international universities or research centers in 2007, which of these 
following activities have been important for your unit?  (Mark with a X all 
that apply) 

L
o

c
a

l 

D
o

m
e

s
ti

c
 

In
te

rn
a

ti
o

n
a

l 

Training    

Research activities (R&D)    

Other (please specify)____________    

 

 

29.  For the following transactions with other firms please indicate if in 

2007 they took place mainly locally, domestically or internationally. 

(Please put a cross under one of the three columns)   

L
o

c
a

l 

D
o

m
e

s
ti

c
 

In
te

rn
a

ti
o

n
a

l 

Acquisition of inputs     

Acquisition of machinery     

Outsourcing     

Research collaboration     

Other (please specify)______________________________________    

 

30. For companies that benefited in 2007 from any of the following supporting schemes to foster 

innovation or technology dissemination, please indicate which of them have been important to support your 

company’s innovation strategies. (Mark with a X all that apply) 
 

 Supporting schemes from  

 From local 

government 

From national 

government 

International 

funding 

Tax incentives    

Funds to develop new products and acquire 

technology 

   

Export support27    

Information on technological opportunities    

Other (please specify)    

 

 

THANK YOU VERY MUCH FOR YOUR PARTICIPATION. WE ARE VERY GRATEFUL! 

 

Person we should contact if there are any queries regarding the form (please fill the form or attach 

business card): 

 

Name:               _____________________________________  

Job title:            _____________________________________ 

Organisation:    _____________________________________ 

Phone:              _____________________________________ 

Fax:                  _____________________________________ 

E-mail:             _____________________________________ 
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1 A group consists of two or more legally defined enterprises under common ownership. Each 
enterprise in the group may serve different markets, as with national or regional subsidiaries, or serve 
different product markets. The head office is also part of an enterprise group.  
2 Rand should be converted in US dollar on the basis of 31st December 2007 rate. 
3 Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, 
Germany, Greece, Hungary, Iceland, Italy, Ireland, Latvia, Liechtenstein, Lithuania, Luxembourg, 
Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovenia, Slovakia, Switzerland, Turkey, 
Spain, Sweden and the United Kingdom. 
4 Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, 
Germany, Greece, Hungary, Iceland, Italy, Ireland, Latvia, Liechtenstein, Lithuania, Luxembourg, 
Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovenia, Slovakia, Switzerland, Turkey, 
Spain, Sweden and the United Kingdom.  
5 By highest value product or process we refer to the most important one in terms of sales, price per 
unit or volume. 
6
 Better quality than your competitors in that market. 

7
 Lower costs than your competitors in that market. 

8
 Asia, Africa, Latin America etc. 

9 Accounting, financial, administrative, etc.  
10 A product innovation is the market introduction of a new good or service or a significantly improved 
good or service with respect to its capabilities, such as improved software, user friendliness, 
components or sub-systems. The innovation (new or improved) must be new to your enterprise, but it 
does not need to be new to your sector or market. It does not matter if the innovation was originally 
developed by your enterprise or by other enterprises. 
11 A process innovation is the implementation of a new or significantly improved production process, 
distribution method, or support activity for your goods or services. The innovation (new or improved) 
must be new to your enterprise, but it does not need to be new to your sector or market. It does not 
matter if the innovation was originally developed by your enterprise or by other enterprises. Exclude 
purely organizational innovations. 
12 Your enterprise introduced a new or significantly improved good or service onto the global market 
before your competitors. 
13 Your enterprise introduced a new or significantly improved good or service onto the domestic 
market before your competitors (it may have already been available in other markets). 
14 Your enterprise introduced a new or significantly improved good or service that was already 
available from your competitors in your market. 
15 

Exclude the simple resale of new goods purchased from other enterprises and changes of a solely 
aesthetic nature.

  

16 Include new methods of  producing goods or services. 
17 Include delivery or distribution methods for your inputs, goods or services.  
18 For example new business practices for organizing work or procedures, new knowledge 
management systems, marketing for innovative products and services, new method of workplace 
organization. 
19 For example with other firms or public institutions (i.e. first use of alliances, partnerships, outsourcing or 
sub-contracting, etc.) 
20The most important impact in terms of sales/export etc. 
21 Creative work undertaken within your enterprise to increase the stock of knowledge and its use to devise 
new and improved products and processes (including software development). 
22 Same activities as above, but performed by other companies (including other enterprises within your 
group) or by public or private research organisations and purchased by your enterprise. 
23 Acquisition of advanced machinery, equipment and computer hardware or software to produce new or 
significantly improved products and processes. 
24 Purchase or licensing of patents and non-patented inventions, know-how, and other types of knowledge 

from other enterprises or organisations. 
25 Internal or external training for your personnel specifically for the development and/or introduction of 

new or significantly improved products and processes (that is, training related to new products or 
processes, not training in general). 
26 For Government we mean local/provincial/national departments. 
27 Including attendance to fairs, demonstrations, etc.  

 
 
 




