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Abstract Using Taiwan’s annual data for the period 1988-2005, this article analyzes the causal 
relationship among technological innovation, capital investment, and market performance for 
four major industries with different technological levels, namely, the electronics, chemical, 
machinery and textile industries. We focus on whether or not innovation leads to the growth of 
industrial development and further investment in capital. In addition, we explicitly examine 
whether or not innovation stimulates the market performance of an industry by incorporating 
heterogeneity into these industries. Our results indicate that the completely trilateral causal 
relationship among patents, capital investment, and production value can only be found in the 
high-tech electronics industry in Taiwan. Some missing linkages are still found in terms of 
technological innovation in the mid-tech and low-tech industries. 
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1. Introduction 
 
Technological change has been regarded as a major source of long-run productivity growth 
(Romer, 1990, Grossman and Helpman, 1991), with innovation no longer being treated as an 
exogenous process. However, few studies intend to examine the causal relationships among 
innovation, market performance, and capital investment. 
 
As reported by Griliches (1981), Connolly et al. (1986), Cockburn and Griliches (1988), and 
Hall (1993) for the U.S. and by Blundell et al. (1999) and Toivanen et al. (2002) for the U.K., the 
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empirical evidence provided by previous studies generally confirms the significantly positive 
contribution of innovations on firms’ market performance and a positive linkage is found to exist 
between patents and market performance. However, such studies rarely examine the causal 
relationship in depth. For instance, does innovation really enhance the market’s performance 
and/or vice versa? This is a central assumption in evolutionary economics. The current literature 
concerning innovation, however, takes it for granted. 
 
Based on the theories of the business cycle, while the earlier research did explore the causal 
relationship between patents and physical capital investment, and found positive linkages 
between successful innovations and subsequent investment (Schumpeter, 1939; Schmookler, 
1966), these studies failed to confirm such relationships based on their empirical evidence. By 
using U.S. firm-level data, more recent studies such as Lach and Schankennan (1989) found that 
there exists a one-way causal relationship running from investment to innovation. Baussola 
(2000) also confirmed such a result. Nevertheless, Nickell and Nicolitsas (1996) reached the 
opposite conclusion. In particular, Meliciani (2000) examined the effect of R&D and investment 
activities on patents, and confirmed the positive role played by research expenditures that are 
found to be more effective in terms of generating patents in science-based industries. Han and 
Lee (2007) estimated the input-output relationship between R&D investment and patents by 
adopting Korean firm-level data.  Popov and Roosenboom (2009) provided the cross-country 
evidence of the effect of investment by private equity firms on innovation. Besides, a close study 
on the relationship between venture capital and patent was discussed by Mann and Sager (2007) 
and Hirukawa and Ueda (2008). The later scholars found evidence that support innovation-first 
hypothesis. 
 
Based upon the above limited studies in the literature, there remain many unsolved problems as 
to how factors such as innovations, production value and investment activities interact with each 
other. Do they exhibit any bilateral relationship with each other? Do such possible bilateral 
relationships vary among different industries and among different technological levels? In this 
paper we intend to answer these questions by examining Taiwanese industries, since Taiwan is 
one of the newly-industrializing economies that have achieved tremendous technological 
progress and economic growth. In addition, U.S. Patent and Trademark Office (PTO) statistics 
show that in the year 2000 Taiwan was ranked behind the U.S., Japan and Germany as the 4th 
highest-ranking country in the world in terms of receiving patents from the PTO.  
 
To explicitly examine the possible interactive relationships among factors such as innovations, 
production value and investment activities, in this study we shall explicitly examine four of 

http://tw.dictionary.yahoo.com/search?ei=UTF-8&p=%E4%BD%86
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Taiwan’s industries which represent different technological levels, namely, Taiwan’s high-tech 
electronics industry as well as its non high-tech chemical,  machinery and textile industries. It is 
important to note that the official statistics show that in 2006 the values of exports for the 
electronics, chemical, machinery and textile industries were 62.822, 11.268, 16.269 and 9.762 
billion US dollars, respectively, and that they do play a significant role in Taiwan.  
 
To explicitly examine the possible 3-way causal relationship among innovation, market 
performance, and capital investment, in this paper we shall use the Granger causality test 
(Granger and Sims, 1972) as well as an error correction model (Engle and Granger, 1987) to 
examine whether there exists a possible mutual relationship among patents (PAT), production 
value (PV) and capital investment (CI) for each of the four different industries mentioned above. 
The results of such an analysis can surely provide insights into the relationship between 
innovation and the market response of industries at different technological levels. In addition, the 
findings of such a study can not only fill the gap in the literature, but can also have rich policy 
implications that will serve as valuable reference.  
 
 
2. Data and Model 
 
The empirical analysis involves the use of annual data for the sample period of 1988-2005. The 
annual production value and patent data used for the four industries represented are accessed 
from the website of the Executive Yuan’s Directorate-General of Budget, Accounting and 
Statistics in Taiwan. The industrial capital investment data are obtained from the Department of 
Statistics of the Ministry of Economic Affairs. Table 1 presents some sample statistics.  
 
Following Scherer (1965), Schmookler (1966) and Griliches (1984), we adopt patent counts to 
serve as proxies for industrial innovation capabilities. The major limitations of using patent data 
to measure innovation include the variations in the intrinsic value of patents and the inability to 
capture the whole range of innovations given that not all inventions are patented nor do all 
patents become successful innovations. However, as Comanor and Scherer (1969) and Griliches 
(1990, 1994) interpret in detail, in spite of these shortcomings, patent data still provide 
significant information on innovation. 
 
 
 
2.1 Granger causality procedures 
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A standard procedure with three steps is employed to examine the causality linkages among these 
variables. First, in order to determine the time series properties, the unit root properties of the 
series are tested. The unit root test will show whether these series (Pat, PV, CI) are stationary or 
not. The stationarity of the series is investigated by employing the unit root tests developed by 
the Augmented Dickey and Fuller (1979, 1981) and Phillips and Perron (1988) unit root tests. We 
adopt these two kinds of unit root tests to overcome the common criticism that unit root tests 
have limited power in finite samples to reject the null hypothesis of non-stationarity. Secondly, 
Engle and Granger’s (1987) cointegration technique is employed to examine whether there exists 
the long-run relationship between any two variables. Cointegration, if it exists, implies that time 
series variables move in tandem (Perman, 1991; Banerjee et al., 1993). 
 
Finally, to test the causal relationship between the series, we use both standard Granger causality 
(Granger and Sims, 1972) and an error correction model (Engle and Granger, 1987). The former 
test is used if the variables are not cointegrated. The causality test was designed to determine 
whether a causal relationship exists between two variables. A common method for testing 
Granger causality is to regress the variable y (i.e., patent counts) on its own lagged values and on 
the lagged values of the x variable (i.e., the production value), and to test the null hypothesis that 
the estimated coefficients of the lagged values of x are jointly zero. If we fail to reject the null 
hypothesis, we can then arrive at the conclusion that x does not Granger cause y. The test 
involves estimating the following pair of variables: 
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where both disturbances t1ε and t2ε are assumed to be uncorrelated.  
 
If cointergration is found to exist between the two time series, an error correction model should 
be used to estimate their relationship. (Granger, 1983) The error correction model can be 
expressed as: 
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where  is the error correction term and  and are the error terms. Sources of the 
causal relationship can be identified by testing for the significance of the coefficients of the 

dependent variables in Eqs. (3) and (4). By testing the null hypothesis 

1−tEC tu1 tu2

jβ =0 in Eq. (3) or jγ =0 

in Eq. (4), we can evaluate the causal relationship. 
 
 
3. Empirical Results 
 
We perform both the Augmented Dickey-Fuller and Phillips-Perron unit root tests to examine 
whether the series is stationary or not. The statistical results imply that almost all the variables 
are non-stationary in relation to their level data but stationary in terms of their first difference 
data, i.e., the data series are stationary in I(1). 
 
For the second step, we perform cointegration analysis for those variables using Johansen’s 
(1988) methodology. The lag length of the level vector autoregression system is determined by 
minimizing the Schwarz criterion (SC). The results of both the maximum eigenvalue test and the 
trace test suggest that, in general, there are no significant cointegrating vectors except the pair 
comprising the variable series of production value and capital investment (PV, CI) and (PAT, PV) 
in the electronics industry, and (PAT, CI) in the textile industry. They are, therefore, causally 
related, at least in one direction (Engle and Granger, 1987); either unidirectional or bidirectional 
Granger causality must exist in the model. 
 
Accordingly, following Johansen’s cointegration testing procedures, we perform the next step of 
the standard Granger causality test or error correction model. If cointergration exists between the 
two time series, an error correction model is used to estimate their relationship. As shown in 
Table 2, in the case of the chemical industry, the null hypotheses of ‘Granger no-causality from 
production value to capital investment’ and ‘Granger no-causality from patents to production 
value’ can be rejected at the 5% or above significance levels. Therefore, there exists one-way 
causality running from production value to capital investment and from patents to production 
value in the chemical industry. As indicated in Table 3, for the high-tech electronics industry the 
two-way causal relationships among patents, production value, and capital investment are all 
found to be significant. Table 4 shows that the causality running from production value to capital 
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investment and from patents to production value is significant in the machinery industry. In Table 
5, the capital investment is shown to cause production value and patents, and patents also cause 
capital investment in the textile industry.  
 
We summarize our empirical findings regarding the four industries in Figure 1. In each case, the 
causality runs from patents to production value, with the textile industry being the only exception. 
A possible explanation for this is that the cost of basic equipment in the textile industry is high 
and that there are always economies of scale. Furthermore, the large textile capital equipment 
investment normally includes new patents or innovations in the textile industry’s production 
process. However, the reverse situation does not always hold except in the high-tech electronics 
industry.  
 
In addition, the causal relationship between production value and capital investment varies 
among industries in Taiwan. It is reasonable for an industry to invest in capital and to experience 
the growth of market performance, and then to invest more in capital to earn more profit. 
Nevertheless, the type of innovation plays an important role within different industries. In the 
chemical and machinery industries, the direction of causality is from innovation to production 
value and then to capital investment. We propose that the innovation in these two industries tends 
to have more product innovation than process innovation. The product innovation needs to be put 
to the test in the market, and more capital should be invested when it succeeds. Once the market 
performs well, the firm will engage in more investment in capital. Causality moves in the 
opposite direction in the textile industry where capital investment causes production value.  
 
In addition, the relationship between capital investment and innovation is not very significant in 
the literature. While Schmookler (1966) and Meliciani (2000) conclude that investment activities 
are important in stimulating technological change, we obtain slightly different results. The 
empirical evidence found in this paper supports the view that there are sectoral differences in the 
sources of technological change. This situation, however, varies across industries and the 
causality does not always hold.  
 
Finally, evidence of a three-way causal relationship among capital investment, market 
performance, and patents is found in the electronics industry. In the high-tech industry, the 
technology changes drastically, and each firm must keep up with new changes in technology and 
speed up its innovation or else. Furthermore, once such firms gain a new patent, they will invest 
more in capital. They have to perform more efficiently to maintain their market performance. 
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4. Concluding Remarks 
 
The paper adopts the Granger causality test to examine the causal relationship among innovation, 
market performance, and capital investment for four Taiwanese industries, including the 
electronics, chemical, machinery, and textile industries. Given that an industry’s technological 
infrastructure influences its innovative capital, we discuss several industries with different 
technological levels, and investigate whether innovation leads the growth of the industry’s 
development and further investment in capital or whether the contrary applies. 
 
First, in the light of the above results, we can conclude that Granger causality runs from 
innovation to market performance in almost all of these industries. The textile industry is the 
only exception because of the high cost of basic equipment and economies of scale. Nevertheless, 
the adverse causality only holds in the high-tech electronics industry. 
 
Second, the causal relationship between production value and capital investment varies with the 
industry. We consider that the type of innovation plays an important role. In the chemical and 
machinery industries, in which there is more product innovation than process innovation, 
causality runs from production value to capital investment. However, in the textile industry, 
which has more process innovation, the opposite situation applies. 
 
Third, the three-way causality among market performance, capital investment, and patents is 
confirmed in the electronics industry. This may be due to the fact that the technology is 
progressing so rapidly in such an industry that firms need to speed up their innovation, or they 
will be driven out of the market. Furthermore, the patents that result from either the product or 
process innovation will likely give rise to more capital investment. However, our empirical 
results show that it is the increased production value that stimulates innovation and vice versa.  
 
As such, of the four industries that we have examined in this paper, the high-tech electronics 
industry is the only industry in which there is such a mutually reinforcing relationship among 
patents, capital investment, and production value. Based on the above empirical results, it is 
clearly shown that the situations actually differ across industries. It thus suggests that we should 
take sectoral specifications into account when dealing with innovation policies. 
 
Last but not least, by examining four different industries in Taiwan, our empirical results suggest 
that a more complete bilateral causal relationship among patents, capital investment and 
production value is indicative of a more competitive industrial capability for the global market, 
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and the high-tech electronics industry in Taiwan is a vivid example of it. By contrast, there are 
some missing linkages in the mid-tech and low-tech industries such as the chemical, machinery, 
and textile industries in Taiwan. Therefore, in regard to innovation policy, the government may 
consider policies that can induce the formulation of a bilateral causality relationship among these 
three factors. As such, the government may examine each of the respective industries carefully 
and then identify the most feasible policies for each one of them before promoting them based on 
a higher priority. In short, it is the creation of virtuous causal cycles that can serve as an 
important element in an integrated innovation strategy. 
 

Endnote 
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Table 1: Descriptive Statistics 
 Mean Std. Dev. Minimum Maximum
Patent Counts 
Textile Industry 500.89 97.89 341 663
Machinery Industry 3,959.39 2,422.08 1,508 10,456
Chemical Industry 1,893.33 744.66 721 3453
Electronics Industry 7,804.44 6,297.98 1,645 20,482
Capital Investment (in thousands of NT$) 
Textile Industry 2.82E+07 1.13E+07 1.29E+07 4.91E+07
Machinery Industry 1.84E+07 9.12E+06 5.01E+06 2.99E+07
Chemical Industry 5.78E+07 2.44E+07 3.73E+07 1.17E+08
Electronics Industry 2.94E+08 2.47E+08 4.32E+07 7.36E+08
Production Value (in millions of NT$) 
Textile Industry 172,013 35,832 110,965 229,166
Machinery Industry 139,672 36,782 80,794 218,566
Chemical Industry 496,979 130,836 316,011 712,404
Electronics Industry 462,701 293,901 152,535 1.09E+06
Note: There are 18 observations covering the period from 1988 to 2005. Both capital investment and production 

value are deflated to 2001 prices using the Consumer Price Index. 
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Table 2 Granger Causality Tests for the Chemical Industry 

Null hypothesis F-statistic 
 Lag 1 Lag 2 Lag 3 
PAT does not Granger cause CI 1.3448 0.3489 0.7221 
CI does not Granger cause PAT 0.1445 2.0749 1.0778 
PV does not Granger cause CI 0.2851 3.4603* 2.5756 
CI does not Granger cause PV 1.3649 2.5560 1.2468 
PAT does not Granger cause PV 0.4945 4.1549** 2.9425* 
PV does not Granger cause PAT 0.0035 0.4338 0.1088 

*rejects  at the 10% level of significance, ** at the 5% level, ***at the 1% level. 0H



    San and Huang, Journal of International and Global Economic Studies, 3(1), June 2010, 25-40 37

Table 3 Granger Causality Tests for the Electronics Industry 

Null hypothesis F-statistic 
 Lag 1 Lag 2 Lag 3 
PAT does not Granger cause CI 0.1007 2.2817 11.7753*** 
CI does not Granger cause PAT 1.2346 1.6972 3.5845* 
dPV does not Granger cause dCI 1.2315 2.8755* 12.9688*** 
dCI does not Granger cause dPV 1.3134 0.9039 3.4853* 
dPAT does not Granger cause dPV 2.3668 6.8564*** 3.8090* 
dPV does not Granger cause dPAT 3.3511* 2.0378 10.9803*** 

*rejects  at the 10% level of significance, ** at the 5% level, ***at the 1% level. 0H
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Table 4 Granger Causality Tests for the Machinery Industry 

Null hypothesis F-statistic 
 Lag 1 Lag 2 Lag 3 
PAT does not Granger cause CI 0.0734 0.6201 0.7045 
CI does not Granger cause PAT 1.0397 1.2064 1.0655 
PV does not Granger cause CI 2.9050 3.6023* 1.6126 
CI does not Granger cause PV 0.8484 2.5244 1.3041 
PAT does not Granger cause PV 3.8740* 2.0171 2.3037 
PV does not Granger cause PAT 0.6533 0.2326 0.2020 

*rejects  at the 10% level of significance, ** at the 5% level, ***at the 1% level. 0H
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Table 5 Granger Causality Tests for the Textile Industry 

Null hypothesis F-statistic 
 Lag 1 Lag 2 Lag 3 
dPAT does not Granger cause dCI 5.7779*** 3.9359** 1.3575 
dCI does not Granger cause dPAT 4.5330*** 2.4884 5.7979** 
PV does not Granger cause CI 0.2636 0.3472 0.4514 
CI does not Granger cause PV 1.6694 2.2596 4.0956** 
PAT does not Granger cause PV 0.7081 1.7876 1.3648 
PV does not Granger cause PAT 3.6E-07 0.0405 0.2893 

*rejects  at the 10% level of significance, ** at the 5% level, ***at the 1% level. 0H
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Figure 1 The Three-Way Interaction among the Respective Industries 

 

 

 

 


