
25R&D, Patent Arrangements, and Financial Performances: Evidence from Taiwan� 2015 23 1

R&D, Patent Arrangements,
and Financial Performances:
Evidence from Taiwan

Matthew C. Chang1 *, Yi-Hsien Wang2, Jui-Cheng Hung2, Chen Sun1

Received 29 August 2014; accepted 11 February 2015

Abstract
In this study, we investigate the relationships among R&D, 
patent arrangements, and financial performances for the firms 
listed on the Taiwan Stock Exchange (TWSE). In particular, we 
apply Vector Autoregression (VAR) to examine the relationships 
of the listed firms classified as industries of Semiconductor, 
Computer and Peripheral Equipment, Optoelectronic, 
Communications and Internet, Electronic Parts & Components, 
Electronic Products Distribution, and Other Electronic, by 
the TWSE. In sum, we find the different lead-lag relationships 
among R&D, patent arrangements, and financial performances 
in different industries, indicating important insight into patent 
arrangements.
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1 Introduction
In recent years, corporations attach importance to creativ-

ity more because human being is into the „creative economy” 
era from labour-intensive industrial age. Howkins (2001) 
points out that the creative economy should protect products 
developed by firms through the intellectual property rights. 
Furthermore, Edvinsson (1997) indicates that successful firms 
require knowledge and organizing ability to have industrial 
competitiveness or produce intellectual property rights. Thus, 
the input of research and development (R&D) and output of 
intellectual property is a key factor to enhance the value of 
firms and create competitive advantages.

In addition to new products and new technology, intellectual 
property rights are also significant to evaluate corporations’ 
outputs. In particular, patents may also demonstrate the ability 
on R&D and development of innovation. In 2012, Taiwanese 
corporations have 23,349, 20,270, 2,983, 2,082 new patents in 
China, the U.S., Japan, and Europe, respectively. However, the 
number of new patents Taiwanese corporations is decreasing in 
the U.S., Japan, and Europe. Therefore, it shows that Taiwanese 
corporations are facing challenges on innovation and R&D 
capabilities under the competition of foreign corporations. 
Thus, Taiwanese firms have to strengthen the ability to research 
on new patens, and pay more attention on patent arrangement 
in overseas markets to create competitive advantages because 
patent is a way to protect intellectual property rights in law 
(Bessler and Bittelmeyer, 2008). Furthermore, Griliches (1981) 
and Bloom and Reenen (2002) suggest that it always increases 
opportunities to profit for corporations to develop new inno-
vative products or manufacture improvement. Accordingly, it 
may positively impact a corporation’s long-term financial per-
formance, and immediately reflect in its market value.

On the other hand, R&D expenditure should be regarded 
as investment. However, if corporations fail to obtain patent 
protection of the achievements from R&D, it may be ineffec-
tive for corporations because their competitors may follow 
such achievements without any restriction. Thus, the relation-
ship between R&D and financial performance is not necessar-
ily positive. Furthermore, we should respectively investigate the 
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relationships among R&D expenditure, patents, and financial 
performance. In addition, different market competitiveness (e.g., 
monopoly or oligopoly) also influences corporations’ decisions 
to arrange their patents in international markets. To the best of 
my knowledge, only limiting studies focus on such relationships.

The remainder of the paper is organized as follows: section 
II presents the data from Taiwan Stock Exchange (TWSE) and 
introduces the methodology, section III presents the empirical 
findings regarding order imbalances, and section IV summa-
rizes the results and concludes.

2 Literature review
A patent is only valid in a particular country when the gov-

ernment gives the corporation the authority in law. In other 
words, the patent system is jus soli. Lanjouw et al. (1998), doc-
ument that a patent has a greater influence and importance if it 
is applied in several major countries. In particular, Grupp and 
Schmoch (1999) indicate that patents are more considerable if 
they are quoted from the U.S., Europe, and Japan. Therefore, 
in order to effectively protect important R&D achievements, 
corporations should apply for patents globally, at least apply 
for patents in their key markets.

Some studies use number of patents as the measure of R&D 
output. However, Jaffe and Trajtenberg (1999) and Kelley and 
Rice (2002) point out that the number of patents cannot cover 
the entire R&D, both in scope and in depth. Furthermore, num-
ber of patents is likely to lead to biases, which ignore impor-
tance and potential value among patents. However, no empiri-
cal studies suggest a perfect patent quality indicator.

On the other hand, although some studies indicate that it may 
lead to biases to measure R&D by number of patents (e.g., Pakes 
and Griliches, 1980), and Hall et al. (2001) further point out that 
not all R&D achievements are able to be patented, and num-
ber of patents does not necessarily stand for economic benefits, 
Hall and Bagchi-Sen (2002) suggest that the number of patents 
does reflect a corporation’s degree of R&D ability and innova-
tion, enabling a corporation to step back and grasp the pulse of 
technology in markets and further prevent her competitors from 
replication. Hitt et al. (1991) point out that patents represent the 
commercialization of research results in high-tech industry.

More importantly, R&D expenditures are always significant 
in a corporation’s financial statement because R&D is impor-
tant to maintain her competitiveness. Hsu et al. (2013) propose 
that the relationship between R&D expenditures and profits is 
not positive and linear. Furthermore, Huang et al. (2008) point 
out that R&D expenditures relate to the company’s high growth 
and internal and external information asymmetry. Thus, Chiu et 
al. (2012) document a firm tends to use internal capital in R&D 
because of such information asymmetry.

However, Nelson (1982) points out that the accumulated 
research experience positively influences the follow-up R&D 
activities, and further improves the future performance of a firm. 

In addition, McKelvey (1982) finds that the transformation of 
technical activities input into output is crucial to survive for a 
firm. That is, in a dynamic environment, technological innova-
tion plays an important role for a firm to obtain and maintain her 
competitive advantage, as well as improve her performance. In 
addition, Toivanen et al. (2002) show that R&D and innovation 
positive impact the market value for UK’s firms. Also, Bharadwaj 
et al. (1999) document that R&D can improve productivity, and 
create rapid and effective innovation for high-tech firms.

Furthermore, Madanmohan et al. (2004) show that the 
improvement of human resources or technology positively 
influences a firm’s value, but R&D lags practical applications. 
Empirical studies validate such viewpoints. For example, 
Hirschey and Weygandt (1985) indicate that R&D expenditures 
lag a firm’s payback for 5 to 10 years.

There are some studies investigating the relationship 
between R&D expenditures and firm value (e.g., Lantz and 
Sahut, 2005). However, most studies focus on R&D expendi-
tures and patents, and firm value is divided as the sum of tangi-
ble and intangible assets. In particular, literature uses Tobin’s Q 
(Tobin, 1978), namely the ratio of market capitalization value 
to net book value, to explain the relationship between R&D and 
market value. However, Wernerfelt and Montgomery (1988) 
document that the imbalance of Tobin’s Q may be due to off-
balance sheet items (e.g., retirement provisions) or strategies 
(e.g., monopoly and diversification). Therefore, some papers 
indicate it in doubt to use Tobin’s Q as the measure of intan-
gible (e.g., Griliches, 1981; Cockburn and Griliches, 1988; 
Megna and Klock, 1993; Chung and Pruitt, 1996).

However, many studies still use Tobin’s Q as the proxy of 
intangible expenses because Tobin’s Q is highly related to intan-
gible expenses (e.g., Hirschey and Weygandt, 1985; Skinner, 
1993; Agrawal and Knoeber, 1996). These studies indicate that 
the relationship between R&D expenditures and market value 
of a firm is significantly positive. In addition, Pakes (1985) 
find that R&D expenditures and number of patents positively 
influence firms’ value. Using the data of the U.S. listed firms, 
Sougiannis (1994) shows that the net income of a firm will rise 
by two dollars when R&D expenses increase for one dollar, 
and the lag time is over more than seven years, representing 
an average annual rate of 26% and one dollar spent in R&D 
increases a firm’s market value by nearly three dollars. On the 
other hand, Sundaram et al. (1996) have the opposite conclu-
sions. They find that the relationship between R&D expendi-
tures and stock prices is not significantly positive because the 
reaction of stock prices depends on the level of competition in 
industry, i.e., increasing R&D expenditures pushes stock prices 
in less competitive industries, but decreasing R&D expendi-
tures makes stock prices to fall in competitive industries.

Schmookler (1966) first uses statistics of patent as a proxy 
for innovation activities. Furthermore, Ernst (1995) further 
analyse patents in various levels, including country, industry, 
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and technology. Ashton and Sen (1989) point out that patents 
provide unique information to manage enterprise resource or 
product, and patents can systematically evaluate the relative 
competitive position in a regional market. Griliches (1998) 
empirically explore the relationship between R&D expendi-
tures and patent activity, and he finds a positive relationship 
between them. In addition, Narin and Noma (1987) show that 
the relationship between technical competitiveness is positive, 
but the relationship between patents and financial performance 
is insignificant. Furthermore, Griliches et al. (1991) discuss 
how patents influence market capitalization through the sample 
including 340 firms, and conclude that only patents contribute 
only a small part in market value changes.

Edvinsson and Malone (1997) indicate that intellectual 
property arising from R&D should be properly understood and 
managed to reflect in financial performance. In particular, pat-
ents are intellectual property rights and regarded as an output 
of R&D. Furthermore, Lilien and Yoon (1989) show that firms 
will be able to effectively innovate and improve their extant 
products if they have more patents. Crepon et al. (1998) find 
that the relationships among R&D expenditures, firm size, mar-
ket share and needs of technology are significant.

In addition, Hall and Bagchi-Sen (2002) propose that pat-
ents from R&D have a positive impact on productivity, and 
thus relate to financial performance, and R&D activities and 
the number of patents can firmly ensure a firm’s performance 
(Beneito, 2006). Therefore, innovation promotes long-term 
competitive advantage of a firm, and patents will eventually 
react to financial performance. While there is extensive litera-
ture that uses patents to measure technology level on national 
or regional, or use patents to measure individual firm’s technol-
ogy, Neuhäusler et al. (2011) point out that studies on patents 
and financial performance are still rare.

Using the patents and related citations during 1963 and 1999, 
Hall et al. (2005) find that market value, patents, as well as 
patent citations show a positive relationship. Chen and Chang 
(2010) also document that the relationships among patents, pat-
ent citations, and market value are positive in pharmaceutical 
industry. In addition, Levitas and Chi (2010) uses the concept of 
real options to analyse the effects of patents and capital invest-
ment of technology on opportunities to create value in the future.

Moreover, Ben-Zion (1978) documents different views 
on R&D expenses, which are treated as current expenses 
in accounting, because most of the R&D expenditures have 
future benefits, and thus have deferred impact on financial 
performance. Thus, R&D expenditures should be recognized 
capital expenditures, at least part them, to reflect the deferred 
benefits. Furthermore, Hirschey and Weygandt (1985) indicate 
that R&D expenditures should be capitalized to be amortized 
over years because R&D expenditures are positively related to 
firms’ value, and R&D expenditures continue the impact for 5 
to 10 years.

3 Data and methodology
This study will investigate firms listed on the Taiwan Stock 

Exchange (TWSE). The studying period covers from 2001 
through 2012, a total of twelve years. The data on financial per-
formance of listed firms are obtained from Taiwan Economic 
Journal (TEJ). The patent information and patent approved 
data will be taken from the patent search systems of the Taiwan 
Intellectual Property Office (TIPO), State Intellectual Property 
Office of the P.R.C. (SIPO), and the United States Patent and 
Trademark Office (USPTO).

In order to capture the delay of the effect of R&D expendi-
tures, number of patents, and financial performance, we employ 
the Vector Auto Regression (VAR) models. VAR models take 
into account the time lapse among R&D expenditures, num-
ber of patents, and financial performance by including their lag 
terms and relaxing the assumption on the choice of lag terms 
of the variables. Also, the models relax any assumptions on 
the causal directions among R&D expenditures, number of pat-
ents, and financial performance. Instead of assuming any vari-
able functions as cause or effect, VAR models provide ex post 
causal information by tracing the interaction among the vari-
ables. Moreover, we control for the industry-specific effect in 
VAR according to the industry category by TWSE. Specifically, 
for each industry category, we have nine VAR models:
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where RDt is the ratio of R&D expenditures to sales in year t, 
PTt is number of patents obtained in Taiwan, China, and the 
U.S. (i.e., TW, CN, and US, respectively), in year t, FPt is fi-
nancial performance (i.e., ROA, ROE, and EPS, respectively) 
in year t, Bt is the business cycle index, and m is the maximum 
number of lag terms of each variable, and ε is supposed to be 
a white noise. The business cycle index is included as control 
variables because many studies emphasize the impact of busi-
ness cycles on the firms’ operations and financial performance. 
For example, Horrigan (1965) proposes that financial ratios are 
related to business cycles, and Richardson et al. (1998) docu-
ment that many financial ratios are significantly different dur-
ing the period of economic recession.

VAR relaxes the restraints that are usually exerted on the 
relationship among R&D expenditures, number of patents, and 
financial performance. VAR makes no assumptions on which 
lag terms or how many lag terms needed to include in the 
model. In practice, we use Akaike Information Criteria (AIC) 
to judge how many lag terms should be most reliable and maxi-
mum amount of information out of the data. In particular, we 

(1)
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will obtain nine models for Taiwan, China, and U.S., enabling 
us to better understand how different patent arrangements in 
these countries affect financial performance.

4 Empirical analysis
In this study, we delete the firms which spend no R&D expend-

iture or/and have no patents in Taiwan, China, or China during the 
sample period, and the sample covers 73 firms after the deletion.

In Table 1, we present the summary statistics for patents and 
financial performances, respectively. In general, most firms 
have more patents in Taiwan, and only the firms in the semicon-
ductor industry have more patents in the U.S. than Taiwan (i.e., 
mean of US=658.80 and mean of TW=624.10). Furthermore, 
as panel A of Table 1 presents, on average the firms in the semi-
conductor, optoelectronic and other electronics industries have 
more patents in Taiwan, China, and the U.S. on the other hand, 
the firms in semiconductor, communications and internet, and 
other electronics industries spend more on R&D, but the firms 
in computer and peripheral equipment, communications and 
internet, and other electronics have relatively better financial 
performances. Thus, the results of Table 1 indicate the differ-
ences in number of patents, finance performances, and R&D 
expenditure for different industries, implying that we should 
discuss the relationship among R&D expenditure, patents, and 
financial performances by industry types.

After examining the summary statistics, we use the unit root 
test to determine whether the variables are stationary. As the 
results of panel A in Table 2 shows, all the statistics are insig-
nificant in the ADF tests, indicating the variables are non-sta-
tionary. Thus, we take first-order difference for the variables, 
and do the ADF tests again for the differenced variables. Panel 
B of Table 2 presents the results of the tests. It shows that the 
statistics are highly significant at the 1% level, indicating that 
the variables are stationary after the first-order difference.

Since the unit root tests show that the variables are non-sta-
tionary and stationary after the first-order difference, it is I (1). 
We further take Johansen (1988) cointegration tests to explore 
whether the long-term equilibrium exists among patent, R&D 
expense, and finance performance.

In order to determine whether there are cointegration rela-
tionships among number of patents, R&D expense, and finan-
cial performance, we perform the Johansen (1988) cointegra-
tion test, and the results are reported in Table 3. Both the maxi-
mum eigenvalue and the trace statistics indicate that there is no 
cointegration vector because we do reject the null hypothesis 
for r≦0 in λtrace, and we neither do not the null hypothesis for 
r＝0 in λmax, at the 1% significance level.

Since the variables are stationary after first order difference, 
and the there is no co-integration relationships among differ-
enced variables, we apply VAR to analyse the relationships 
among R&D expenditure, number of patents, and financial per-
formance for the seven electronic industry types.

In general, the financial performance of firms in electronic 
industries are positively related to the business cycle index 
as evidenced by the estimated coefficient of Bt being posi-
tively significant (e.g., model I for semiconductor, computer 
and peripheral equipment, optoelectronic, electronic parts and 
components, and other electronic). However, financial perfor-
mances of firms in some industries are less influenced by the 
business cycle index (e.g., models I~IX for communications 
and internet and electronic products distribution).

Furthermore, the empirical results demonstrate that R&D 
expenditures have mixed effects on financial performances. For 
other electronic industry, the effect is positive as evidenced by the 
estimated coefficient of RDt-1 being significant at the 5% level in 
models I, II, III, VI, VII, VIII, and IX, consistent with Toivanen 
et al. (2002) and Bharadwaj et al. (1999). On the other hand, the 
effects are insignificant for most industry types, consistent with 
Sundaram et al. (1996). Interestingly, such effects are even nega-
tive for semiconductor and optoelectronic industries (i.e., mod-
els II, IV, V, VII and VIII for semiconductor and models I, II, 
and IX for optoelectronic), which are the two potential electronic 
industries Taiwanese government focused on1 these years, indi-
cating the collapse of many firms in the two industries. However, 
the empirical results indicate that number of Taiwanese patents 
lead to better financial performances (i.e., models I, II, and III for 
semiconductor and models I and III for optoelectronic). Thus, it 
shows the importance of developing the own core technology in 
the form of patents. In particular, during the past two decades, 
all Taiwanese Dynamic Random Access Memory (DRAM) 
firms bought ready-made technology and core patents to pro-
duce DRAM chips. Without their own proprietary technology, 
Taiwanese DRAM manufacturers have to spend a lot of money 
to look for new technology licensing once the economy worsen-
ing and their technology source having problems. For example, 
ProMOS, once a highly profitable DRAM manufacturer, has to 
rely on technology licensing from Germany’s Infineon, South 
Korea’s Hynix, and Japan’s Elpida, because ProMOS fail to 
develop her own patents in the DRAM industry.

On the other hand, there are similar effects of R&D expen-
ditures on financial performances in models IV, V, VII and VIII 
for semiconductor, model IX for optoelectronic, and models 
IV, V, VII and VIII for other electronic. However, numbers of 
patents in China and the U.S. (i.e., CNt-1 and USt-1) have insig-
nificant impact on financial performances. Since the summary 
statistics show that most firms have fewer patents in China and 
the U.S., it is not surprising that CNt-1 and USt-1 have minute 
econometrical influence. However, it is worth noting that other 
electronics industry, which has most patents in Taiwan, China, 
and the U.S. across all industries, is the most profitable, and 

1  In 2002, the Taiwanese government proposed the ‘Two Trillion and Twin 
Star Development Program’ for semiconductor and optoelectronic industries, 
giving the two industries many tax incentives.
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Table 1 Basic Statistics

Panel A. Number of patents

Semiconductor

Computer 
and  

Peripheral 
Equipment

Optoelectronic
Communications 

and 
 Internet

Electronic Parts 
and 

 Components

Electronic 
Products  

Distribution
Other Electronic

TW
Min 0.00 0.00 8.00 2.00 0.00 2.00 0.00 

Median 274.00 149.00 67.00 103.00 14.00 14.00 132.00 
Mean 624.10 446.10 551.70 166.20 249.00 13.40 1706.00 
Max 3296.00 3156.00 3862.00 811.00 2294.00 34.00 14600.00 
S.D. 857.33 692.03 1254.04 250.67 634.22 12.88 4542.13 
CN
Min 0.00 0.00 0.00 1.00 0.00 0.00 0.00 

Median 86.00 112.00 14.00 39.00 5.00 1.00 49.50 
Mean 360.80 270.10 506.80 41.00 155.10 120.60 1129.00 
Max 1910.00 2343.00 3867.00 101.00 1396.00 601.00 9926.00 
S.D. 557.46 469.82 1267.56 31.39 395.32 268.55 3100.97 
US
Min 0.00 0.00 5.00 1.00 0.00 0.00 0.00 

Median 188.00 28.00 19.00 31.00 1.00 0.00 15.00 
Mean 658.80 126.20 333.00 34.67 143.60 7.80 1399.00 
Max 5372.00 729.00 2546.00 113.00 1273.00 38.00 12440.00 
S.D. 1215.76 208.20 833.31 35.60 373.17 16.89 3898.86 

Panel B. Financial performances and R&D

ROE (%)
Min -286.60 -128.07 -52.20 -53.84 -177.57 -2118.26 -57.86 

Median 3.77 9.10 3.00 7.50 5.79 8.86 12.07 
Mean -2.61 5.28 2.78 3.22 1.94 -36.89 9.37 
Max 37.22 94.70 33.10 23.91 53.82 44.57 31.05 
S.D. 27.65 21.49 14.26 14.69 20.89 276.20 13.96 

ROA (%)
Min -58.43 -33.30 -29.86 -20.16 -32.27 -438.86 -16.73 

Median 2.96 4.74 2.33 4.29 3.77 4.61 6.84 
Mean 0.72 4.13 2.30 3.18 2.79 -4.82 5.76 
Max 27.96 61.62 18.68 15.09 17.51 16.81 19.72 
S.D. 11.73 9.09 7.84 7.22 6.70 5.75 6.43 

EPS (TWD/Share)
Min -9.38 -10.78 -6.94 -4.85 -5.80 -52.32 -5.03 

Median 0.48 1.55 0.52 1.20 0.83 1.27 1.84 
Mean 0.27 1.81 0.72 1.32 1.02 0.48 2.61 
Max 6.73 29.79 7.22 6.04 7.18 9.55 12.35 
S.D. 2.58 3.38 2.71 2.36 2.16 7.51 3.26 

R&D Expenditure/Sales (%)
Min 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Median 4.23 1.99 2.69 3.83 1.25 0.45 1.38 
Mean 9.05 3.21 2.95 4.04 1.78 0.64 2.62 
Max 184.75 46.40 13.68 17.32 6.48 8.08 10.41 
S.D. 15.64 4.27 1.82 2.44 1.76 1.12 2.73 

electronic products distribution industry, which has least patents 
in Taiwan and the U.S., is the only industry that ROA and ROE 
are negative on average.

In sum, our empirical results indicate that R&D expenditures 
may differently influence financial performances, i.e., positively 

(Toivanen et al., 2002; Bharadwaj et al., 1999) or negatively 
(Sundaram et al., 1996), because of diversified industry char-
acteristics. More importantly, we document that patent arrange-
ments are significant to firms’ financial performances, by con-
trolling the possible effects from R&D expenditures.
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Table 2 Unit root tests

Panel A.

RD TW CN US ROE ROA EPS

Semiconductor

Intercept -1.518 -1.290 -1.659 -1.449 -2.532 -2.423 -2.254

Trend and intercept -2.396 -2.561 -2.143 -2.249 -2.419 -2.573 -2.370

None 0.160 -1.474 -1.311 -1.897 -1.209 -1.224 -1.098

Computer and Peripheral 
Equipment

Intercept -1.014 -1.406 -1.493 -1.775 -1.993 -1.882 -1.808

Trend and intercept -2.091 -2.658 -1.882 -2.241 -2.158 -2.000 -2.028

None 0.623 -0.859 -0.727 -1.124 -1.175 -1.459 -1.030

Optoelectronic

Intercept -1.834 -1.598 -1.927 -2.411 -1.523 -1.471 -1.458

Trend and intercept -2.368 -1.574 -2.217 -3.099 -1.841 -2.064 -1.589

None -0.546 -1.196 -1.102 -1.535 -0.929 -1.198 -0.825

Communications and 
Internet

Intercept -1.248 -1.818 -2.236 -2.194 -1.358 -1.323 -1.704

Trend and intercept -1.923 -2.326 -2.026 -3.024 -2.886 -2.942 -2.777

None -0.446 -1.344 -1.149 -1.819 -0.600 -1.026 -0.679

Electronic Parts and 
Components

Intercept -2.314 -1.756 -1.996 -2.236 -2.053 -2.198 -1.854

Trend and intercept -2.080 -2.660 -2.143 -2.309 -2.465 -2.577 -2.667

None -0.443 -1.006 -0.962 -2.000 -0.811 -1.108 -0.757

Electronic Products 
Distribution

Intercept -0.672 -2.291 0.095 -2.595 -2.807 -2.213 -2.420

Trend and intercept -2.032 -2.097 -2.822 17.450 -2.765 -2.243 -2.463

None -1.130 -1.564 1.751 -1.160 -1.591 -1.046 -1.183

Other Electronic

Intercept -1.207 -1.692 -1.752 -1.742 -2.115 -2.328 -2.700

Trend and intercept -2.484 -2.195 -2.561 -1.310 -2.654 -2.686 -2.278

None 0.056 -1.016 -0.813 -0.908 -1.270 -1.599 -0.837

Panel B.

RD TW CN US ROE ROA EPS

Semiconductor

Intercept -22.823*** -22.530*** -22.947*** -22.570*** -23.202*** -23.388*** -23.212***

Trend and intercept -23.047*** -22.367*** -22.953*** -23.327*** -23.530*** -23.449*** -23.346***

None -22.581*** -22.804*** -22.777*** -22.458*** -23.175*** -23.290*** -23.150***

Computer and Peripheral 
Equipment

Intercept -22.538*** -22.817*** -22.613*** -22.548*** -22.553*** -22.495*** -22.459***

Trend and intercept -22.960*** -22.485*** -23.084*** -22.925*** -22.625*** -22.759*** -22.625***

None -22.204*** -22.681*** -22.510*** -22.356*** -22.584*** -22.465*** -22.564***

Optoelectronic

Intercept -22.556*** -22.100*** -22.122 -22.940*** -22.229*** -22.319*** -22.230***

Trend and intercept -22.739*** -22.926*** -22.093*** -23.448*** -22.968*** -22.787*** -23.081***

None -22.440*** -22.210*** -22.276*** -23.077*** -22.295*** -22.348*** -22.357***

Communications and 
Internet

Intercept -22.486*** -23.019*** -22.856*** -23.925*** -22.915*** -23.612*** -23.976***

Trend and intercept -22.794*** -22.930*** -23.242*** -24.589*** -23.294*** -23.798*** -24.012***

None -22.554*** -23.119*** -22.878*** -23.546*** -22.772*** -23.359*** -23.644***

Electronic Parts and 
Components

Intercept -32.433*** -32.198*** -32.679*** -33.600*** -32.917*** -32.845*** -33.205***

Trend and intercept -33.448*** -32.045*** -32.860*** -33.795*** -33.109*** -32.754*** -33.200***

None -32.313*** -32.276*** -32.762*** -33.503*** -32.859*** -32.867*** -33.024***

Electronic Products 
Distribution

Intercept -32.759*** -32.827*** -32.850*** -36.878*** -33.984*** -33.768*** -33.769***

Trend and intercept -32.842*** -32.852*** -32.530*** -35.578*** -33.672*** -33.646*** -33.647***

None -32.461*** -33.059*** -31.220*** -35.903*** -34.292*** -34.047*** -34.058***

Other Electronic

Intercept -32.521*** -32.075*** -32.250*** -31.886*** -33.501*** -34.280*** -33.594***

Trend and intercept -32.913*** -32.357*** -32.354*** -31.891*** -33.406*** -34.249*** -33.585***

None -32.307*** -32.007*** -32.056*** -31.980*** -33.424*** -33.997*** -33.625***
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Notes:
1. The models for ADF unit root test are: 

Intercept: .
2

110 t

p

i
ititt yyy εβγα +∆++=∆ ∑

=
+−−

Trend and intercept： .
2

1210 t

p

i
ititt ytyy εβαγα +∆+++=∆ ∑

=
+−−

None: ,
2

11 t

p

i
ititt yyy εβγ +∆+=∆ ∑

=
+−−

where yt is the time series, t is the trend , and εt is the residual.
The null hypothesis for ADF test is H0 : γ = 0.
2. The number in parentheses denotes the lag length, determined via the Akaike’s Information Criterion (AIC).
3. The symbol *** denotes for significance at the 1% level.
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Table 3 Johansen test for cointegration

Panel A. Trace

ROE ROA EPS

r≦2 r≦1 r≦0 r≦2 r≦1 r≦0 r≦2 r≦1 r≦0

Semiconductor

TW 4.333 9.550 14.312 4.415 13.290 14.775 3.800 9.280 12.352

CN 4.416 10.869 13.258 5.146 9.321 12.019 4.661 8.902 13.194

US 3.479 9.995 12.465 4.049 13.190 14.784 3.902 10.071 13.195

Computer and Peripheral 
Equipment

TW 4.011 12.266 13.017 4.189 8.279 12.252 4.517 9.630 12.121

CN 3.996 13.598 14.196 4.044 12.810 14.025 3.589 9.800 13.014

US 3.764 13.500 14.735 3.689 12.970 14.314 3.579 9.788 13.015

Optoelectronic

TW 4.598 12.522 14.725 4.488 8.012 12.823 5.472 9.570 15.863

CN 5.061 11.249 13.324 4.984 10.492 14.145 3.710 9.110 13.225

US 4.077 13.458 15.414 4.281 12.030 14.898 3.665 8.600 11.989

Communications and Internet

TW 2.068 9.390 12.178 3.549 6.080 11.425 3.628 9.310 13.896

CN 2.454 8.552 11.954 7.555 11.980 15.663 3.713 8.630 10.657

US 2.840 2.410 11.835 3.107 11.370 13.565 2.224 9.080 12.125

Electronic Parts and Components

TW 4.940 12.310 14.225 5.105 12.960 14.146 5.200 8.620 13.975

CN 4.560 6.220 12.415 4.396 5.860 12.118 4.127 6.490 12.246

US 3.253 3.230 12.412 3.327 3.300 13.398 3.377 4.920 13.532

Electronic Products Distribution

TW 3.237 11.540 12.778 3.167 8.888 14.178 3.574 7.680 12.982

CN 4.480 14.020 16.395 8.491 9.670 13.936 9.554 8.180 12.685

US 6.130 8.780 15.947 9.373 6.960 14.393 9.679 6.960 11.968

Other Electronic

TW 5.508 9.163 13.419 3.923 4.225 13.329 4.226 9.930 14.134

CN 3.043 8.020 12.493 2.309 10.460 13.318 2.283 10.080 14.843

US 5.296 13.680 14.985 5.601 9.023 14.442 4.828 9.380 11.822

Panel B. Eigen

ROE ROA EPS

r=2 r=1 r=0 r=2 r=1 r=0 r=2 r=1 r=0

Semiconductor

TW 4.333 5.121 11.333 4.415 8.54 10.815 3.800 6.596 10.666

CN 4.416 7.673 10.854 5.146 5.348 10.344 4.661 5.112 11.312

US 3.479 7.428 10.865 4.049 8.398 10.149 3.902 6.600 11.002

Computer and Peripheral 
Equipment

TW 4.011 7.680 10.099 4.189 7.800 9.780 4.517 6.456 10.176

CN 3.996 8.873 10.125 4.044 7.510 9.741 3.589 7.278 11.098

US 3.764 7.711 10.914 3.689 6.410 10.090 3.579 6.893 10.739

Optoelectronic

TW 4.598 9.136 10.055 4.488 8.850 10.080 5.472 7.018 11.128

CN 5.061 4.551 11.263 4.984 5.347 12.175 3.710 6.203 11.303

US 4.077 8.685 11.666 4.281 7.749 11.491 3.665 5.249 10.059

Communications and Internet

TW 2.068 7.320 10.695 3.549 8.530 9.690 3.628 5.680 11.508

CN 2.454 6.320 13.654 5.553 6.430 8.830 3.713 7.910 8.430

US 2.840 9.571 12.871 3.107 8.260 11.370 2.224 6.860 10.240

Electronic Parts and Components

TW 4.940 6.682 11.082 5.105 8.388 11.858 5.200 7.470 11.800

CN 4.560 6.835 10.053 4.396 8.939 10.135 4.127 8.711 12.471

US 3.253 8.979 10.539 3.327 6.774 11.524 3.377 7.425 11.172

Electronic Products Distribution

TW 3.237 8.300 9.502 3.167 8.240 10.060 3.574 7.100 9.170

CN 4.480 7.540 13.603 5.491 8.180 9.940 5.554 8.630 10.353

US 6.130 7.640 12.600 9.373 7.590 11.639 5.679 7.280 10.987

Other Electronic

TW 5.508 9.566 10.786 3.923 9.044 11.824 4.226 11.307 11.820

CN 3.043 6.800 10.403 2.309 6.220 11.090 2.283 6.100 11.108

US 5.296 8.250 10.350 5.601 8.815 11.515 4.828 7.610 10.721
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Notes:

1. We perform the Johansen (1988) cointegration test: ,11111 tptptttt yDyDyy εµ +∆++∆+Π+=∆ +−−−− 

where .1,2,1,
1

−=Φ−= ∑
+=

pjD
p

js
sj 

Π = −Φ(1) = −(I − Φ1 − Φ2 − ∙∙∙ − Φp)

where Πyt-1 is the error correction term. Rank(Π) is to determine the number of cointegration vector in yt.
(1) There is no cointegration vector in yt. if rank(Π)=0.
(2) yt  is stationary if rank(Π)=k.
(3) There are r cointegration vectors in yt if rank(Π)=r and 0＜r＜k.
(4) Trace test:

H0 : rank(Π) ≤ r
H1 : rank(Π) > r

Trace static: .)1ln()(
1

∑
+=

−−=
k

rj
jtrace Tr λλ


(5) Maximum eigenvalue test:
H0 : rank(Π) = r
H1 : rank(Π) = r + 1

Maximum eigenvalue statistic: λ λmax ( , ) ln( ).r r T r+ = − − +1 1 1



λi is the estimate of eigenvalue, r is the cointegration vector, and T is the number of observations.
2. The symbol ** denotes for significance at the 5% level.
3. λtrace and λmax are the statistics for trace test and maximum eigenvalue test, respectively.
4. Critical values are calculated according to MacKinnon-Haug-Michelis (1999).
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Table 4 VAR

Panel A. Number of patents in Taiwan (TW)

FP ROE, model I ROA, model II EPS, model III

ΔRDt ΔTWt ΔFPt ΔRDt ΔTWt ΔFPt ΔRDt ΔTWt ΔFPt

Semiconductor

ΔRDt-1

0.007875
(0.020)

-0.04099
(0.002)

-1.13863
(-1.466)

0.03713
(0.118)

-0.1559
(-0.031)

-0.54515
(-1.872)*

0.01602
(0.044)

-0.1722
(-0.034)

-0.04199
(-1.408)

ΔTW t-1

0.003196
(0.169)

0.02942
(0.097)

0.00988
(2.451)**

0.004266
(0.195)

0.04838
(0.145)

0.004814
(2.269)**

0.002266
(0.152)

0.04024
(0.098)

0.002183
(2.219)**

ΔFP t-1

-0.000709
(-0.046)

0.1369
(1.512)

-0.4161
(-2.119)**

-0.00709
(-0.133)

0.4376
(1.478)

-0.4786
(-2.361)**

-0.02542
(-0.095)

1.979
(1.617)*

-0.4456
(-2.175)**

c
5.490

(0.830)
-53.485
(-0.452)

-82.68
(-1.443)

6.328
(0.880)

-67.59
(-0.437)

-40.09
(-1.296)

7.748
(0.728)

-75.36
(-0.387)

-12.388
(-1.235)

Bt

-0.06220
(-1.773)*

0.32392
(1.381)

0.7529
(2.460)**

-0.0699
(-1.782)*

0.49946
(1.371)

0.4097
(2.334)**

-0.07544
(-1.670)*

0.42542
(1.329)

0.12476
(2.241)**

Computer and 
Peripheral 
Equipment

ΔRDt-1

-0.1253
(-0.4644)

-1.2449
(-0.861)

1.580
(0.592)

-0.1606
(-0.402)

-1.5775
(-0.578)

0.9798
(0.469)

-0.1803
(-0.436)

-1.144
(-0.530)

0.24876
(0.295)

ΔTW t-1

0.000532
(0.033)

-0.10135
(-0.240)

-0.08693
(-0.204)

0.000107
(0.078)

-0.11417
(-0.277)

-0.03087
(-0.228)

-0.00159
(-0.042)

-0.07756
(-0.203)

-0.00629
(-0.134)

ΔFP t-1

-0.01337
(-0.610)

0.04378
(0.389)

0.09028
(0.200)

-0.03078
(-0.462)

0.07165
(0.225)

0.05181
(0.061)

-0.0406
(-0.508)

0.46767
(0.363)

-0.07878
(-0.264)

c
1.4781
(0.648)

-34.291
(-0.328)

-34.67
(-0.579)

1.398
(0.524)

-27.603
(-0.454)

-15.897
(-0.808)

0.6631
(0.374)

-29.54
(-0.259)

-7.467
(-0.793)

Bt

-0.01402
(-1.651)*

0.35045
(1.284)

0.3265
(1.883)*

-0.01324
(-1.524)

0.2844
(1.414)

0.14003
(1.702)*

-0.00486
(-1.333)

0.2929
(1.250)

0.07279
(1.770)*

Optoelectronic

ΔRDt-1

-0.15274
(-0.435)

-0.3633
(-0.181)

-1.6931
(-1.687)*

-0.1557
(-0.423)

-0.3609
(-0.081)

-0.6454
(-1.647)*

-0.1446
(-0.384)

-0.364
(-0.231)

-0.3802
(-1.425)

ΔTW t-1

0.011236
(0.231)

-0.14031
(-0.344)

0.2103
(1.800) *

0.009162
(0.170)

-0.18918
(-0.427)

0.0454
(1.623)

0.026515
(0.279)

-0.07179
(-0.178)

0.07762
(1.795) *

ΔFP t-1

-0.01354
(-0.473)

-0.00627
(0.024)

-0.04676
(-0.047)

-0.02349
(-0.385)

0.05921
(0.098)

0.02984
(0.183)

-0.09716
(-0.521)

-0.1334
(-0.176)

-0.1120
(-0.138)

c
-0.1771
(-0.023)

1.127
(0.134)

-55.653
(-0.745)

-1.516
(-0.230)

1.268
(0.017)

-21.894
(-0.757)

-1.651
(-0.306)

-8.166
(-0.322)

-8.0030
(-0.404)

Bt

0.00007
(-0.004)

-0.01617
(-0.157)

0.55526
(1.752)*

0.01318
(0.194)

-0.01761
(-0.038)

0.2180
(1.762)*

0.01650
(0.334)

0.08102
(0.307)

0.077369
(1.401)

Communications 
and Internet

ΔTW t-1

-0.0051
(-0.018)

-0.3357
(-1.791)*

0.03005
(0.498)

-0.00066
(-0.124)

-0.29286
(-1.759)*

0.02006
(0.487)

-0.00182
(-0.040)

-0.47311
(-2.336)**

0.009512
(0.194)

ΔFP t-1

-0.0168
(-0.507)

0.04862
(0.482)

-0.00375
(-0.008)

-0.03515
(-0.484)

0.1152
(0.601)

-0.1001
(-0.114)

-0.13393
(-0.604)

0.3638
(0.503)

-0.05773
(-0.143)

c
-0.9273
(-0.490)

-20.967
(-0.430)

-44.73
(-0.633)

-1.289
(-0.465)

-21.252
(-0.422)

-25.75
(-0.651)

-1.033
(-0.602)

-19.89
(-0.371)

-5.652
(-0.392)

Bt

0.01138
(1.473)

0.1988
(1.436)

0.4489
(1.614)

0.01475
(1.450)

0.21462
(1.431)

0.2458
(1.642)*

0.01274
(1.569)

0.20180
(1.376)

0.055998
(1.387)
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Table 4 VAR (cont.)

Panel A. Number of patents in Taiwan (TW)

FP ROE, model I ROA, model II EPS, model III

ΔRDt ΔTWt ΔFPt ΔRDt ΔTWt ΔFPt ΔRDt ΔTWt ΔFPt

Electronic Parts and 
Components

ΔRDt-1

0.11547
(0.272)

-0.9885
(-0.530)

-0.7375
(-0.0453)

0.08767
(0.205)

-0.966
(-0.542)

-0.3907
(-0.054)

0.13181
(0.316)

-0.8367
(-0.578)

0.0610
(0.065)

ΔTW t-1

-0.00164
(-0.204)

-0.1972
(-0.499)

0.05622
(0.1318)

-0.00145
(-0.205)

-0.2148
(-0.516)

0.01174
(0.189)

-0.00154
(-0.176)

-0.2279
(-0.542)

0.008997
(0.145)

ΔFP t-1

-0.00107
(-0.131)

-0.09428
(-2.008)**

-0.03852
(-0.037)

0.001931
(-0.068)

-0.15821
(-1.952)*

-0.08561
(-0.221)

-0.005
(-0.122)

-0.5409
(-1.946)*

-0.1904
(-0.387)

c
0.9618
(0.095)

-5.5471
(-0.360)

-59.602
(-1.252)

1.0419
(0.099)

-5.928
(-0.237)

-36.690
(-1.129)

1.0134
(0.098)

-6.646
(-0.203)

-9.434
(-1.044)

Bt

-0.01061
(-1.117)

0.0542
(1.320)

0.59013
(2.247)**

-0.01185
(-1.131)

0.05808
(1.253)

0.36999
(2.127)**

-0.01188
(-1.144)

0.0632
(1.208)

0.09633
(2.091)

Electronic Products 
Distribution

ΔRDt-1

-0.2102
(-0.751)

-5.663
(-2.019)**

5.755
(0.167)

-0.2431
(-0.892)

-6.074
(-2.362)**

1.905
(0.227)

-0.2584
(-0.817)

-7.675
(-1.926)*

-1.623
(-0.221)

ΔTW t-1

0.03266
(1.869)*

0.3278
(1.871)*

2.03
(0.439)

0.03164
(1.874)*

0.2975
(1.871)*

0.1033
(0.093)

0.03357
(1.895)*

0.3812
(1.807)*

0.3674
(0.421)

ΔFP t-1

-0.00336
(-0.661)

-0.1932
(-3.799)**

-0.9623
(-1.541)

-0.01917
(-0.929)

-0.8401
(-4.314)**

-0.8132
(-1.278)

-0.02643
(-0.662)

-1.358
(-2.701)**

-0.8688
(-0.936)

c
4.905

(1.096)
55.78

(1.244)
178.1

(0.324)
5.346

(1.289)
48.68

(1.244)
46.39

(0.363)
5.599

(1.074)
79.56

(1.211)
7.046

(0.058)

Bt

-0.0503
(-2.123)**

-0.5642
(-2.257)**

-1.765
(-1.320)

-0.05474
(-2.318)**

-0.4936
(-2.259)**

-0.4606
(-1.360)

-0.05725
(-2.096)**

-0.8023
(-2.219)**

-0.06925
(-1.057)

Other Electronic

ΔRDt-1

-0.10845
(-0.302)

-24.8049
(-0.052)

4.643
(2.018)**

-0.0936
(-0.258)

-24.2928
(-0.155)

3.06578
(1.920)**

-0.07133
(-0.205)

0.1073
(0.074)

0.46454
(1.486)

ΔTW t-1

0.000009
(0.061)

-0.00276
(-0.013)

-0.02545
(0.175)

0.000009
(0.075)

0.001822
(-0.000)

-0.00387
(-0.054)

0.000224
(0.020)

0.00847
(0.026)

-0.00264
(0.651)

ΔFP t-1

0.000324
(-0.054)

0.1759
(1.347)

-0.16728
(-1.603)

0.017779
(0.285)

0.03487
(1.214)

-0.31523
(-1.918)**

0.02646
(0.188)

1.364
(1.727)*

-0.21495
(-1.629)

c
1.0329
(0.307)

63.17
(0.537)

-54.80
(-1.414)

0.4699
(0.253)

67.90
(0.563)

-26.688
(-1.279)

0.9360
(0.448)

26.08
(0.288)

-11.425
(-1.148)

Bt

-0.00843
(-1.273)

-0.6402
(-1.540)

0.5370
(2.386)**

-0.00286
(-1.212)

-0.6881
(-1.546)

0.25740
(2.253)**

-0.00704
(-1.408)

-0.2688
(-1.313)

0.11601
(2.138)**

Panel B. Number of patents in China (CN)

FP ROE, model IV ROA, model V EPS, model VI

ΔRDt ΔCNt ΔFPt ΔRDt ΔCNt ΔFPt ΔRDt ΔCNt ΔFPt

Semiconductor

ΔRDt-1

0.18250
(0.549)

0.263
(0.327)

-0.8570
(-1.786)*

0.2317
(0.676)

0.3849
(0.389)

-0.6083
(-1.854)*

0.193143
(0.538)

0.4688
(0.425)

-0.03354
(-1.211)

ΔCN t-1

0.002767
(0.285)

-0.03878
(-0.104)

0.06662
(0.167)

0.005561
(0.417)

-0.13149
(-0.396)

0.001749
(0.086)

0.006751
(0.306)

-0.11564
(-0.328)

0.000125
(-0.005)

ΔFP t-1

0.019625
(1.546)

.0.2735
(0.210)

-0.4807
(-2.163)**

0.028203
(1.429)

0.02548
(0.228)

-0.4472
(-2.254)**

0.10493
(1.621)

0.4959
(0.389)

-0.4486
(-2.181)**

c
4.123

(0.949)
-24.21

(-0.285)
-100.45
(-1.038)

3.188
(0.921)

-15.34
(-0.236)

-46.50
(-1.439)

3.122
(0.786)

-3.352
(-0.069)

-15.603
(-1.177)

Bt

-0.04172
(-1.846)*

0.2334
(0.259)

1.0112
(2.070)**

-0.04141
(-1.878)*

0.1437
(0.211)

0.4785
(2.450)**

-0.03048
(-1.758)*

0.03229
(0.062)

0.15786
(2.182)**
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Table 4 VAR (cont.)

Panel B. Number of patents in China (CN)

FP ROE, model IV ROA, model V EPS, model VI

ΔRDt ΔCNt ΔFPt ΔRDt ΔCNt ΔFPt ΔRDt ΔCNt ΔFPt

Computer and 
Peripheral 
Equipment

ΔRDt-1

-0.1271
(-0.211)

-0.4753
(-0.160)

0.07022
(-0.000)

-0.7490
(-0.154)

-0.514
(-0.198)

0.2374
(0.076)

-0.09686
(-0.156)

-0.6116
(-0.198)

0.32277
(0.367)

ΔCN t-1

-0.00206
(-0.023)

-0.17446
(-0.501)

-0.11074
(-0.494)

-0.00105
(-0.009)

-0.210
(-0.381)

-0.08340
(-0.513)

0.001226
(0.144)

-0.17178
(-0.424)

-0.02833
(-0.504)

ΔFP t-1

-0.01148
(-0.382)

0.0610
(0.282)

0.07869
(0.164)

-0.02085
(-0.562)

0.1114
(0.237)

-0.00497
(-0.018)

-0.04018
(-0.339)

0.1367
(0.308)

-0.00419
(-0.061)

c
1.4214
(0.390)

-15.847
(-0.316)

-28.076
(-0.826)

1.427
(0.440)

-17.07
(-0.361)

-15.193
(-0.882)

1.4339
(0.325)

-11.588
(-0.230)

-3.306
(-0.586)

Bt

-0.01197
(-1.292)

0.17547
(0.372)

0.24750
(1.734)*

-0.01232
(-1.341)

0.18154
(0.403)

0.13969
(1.813)*

-0.01217
(-1.284)

0.13061
(0.228)

0.03014
(1.578)

Optoelectronic

ΔRDt-1

-0.1614
(-0.576)

-0.0632
(-0.232)

-1.167
(-1.261)

-0.16743
(-0.563)

-0.05822
(-0.203)

-0.9009
(-1.178)

-0.12428
(-0.374)

-0.04574
(-0.164)

-0.1944
(-1.459)

ΔCN t-1

0.00387
(-0.007)

-0.09939
(-0.164)

-0.05062
(-0.091)

0.003753
(-0.044)

-0.08646
(-0.140)

-0.1800
(-0.200)

0.004043
(0.188)

-0.00540
(-0.007)

-0.00447
(0.104)

ΔFP t-1

-0.00778
(-0.356)

0.02426
(0.182)

0.08189
(0.167)

-0.01144
(-0.259)

0.03455
(0.145)

0.05375
(0.127)

-0.03712
(-0.280)

0.04242
(-0.031)

-0.1069
(-0.164)

c
1.249

(0.077)
-6.165

(-0.519)
-64.63

(-1.030)
0.9067
(0.049)

-6.084
(-0.642)

-2.942
(-1.005)

-0.923
(-0.159)

-5.153
(-0.398)

-6.251
(-0.449)

Bt

-0.01739
(-1.126)

0.06123
(1.527)

0.61146
(2.027)**

-0.01398
(-0.098)

0.06047
(1.650)*

0.02500
(1.979)**

0.007629
(0.127)

0.0511
(1.405)

0.05244
(1.427)

Communications 
and Internet

ΔRDt-1

0.002021
(0.004)

-0.644
(-0.817)

0.9003
(0.267)

0.05470
(0.141)

-0.5125
(-0.725)

0.3612
(0.168)

0.04668
(0.119)

-0.5268
(-0.693)

-0.08414
(-0.111)

ΔCN t-1

-0.00461
(-0.292)

-0.289
(-1.655)

0.2083
(0.364)

-0.00479
(-0.252)

-0.3161
(-1.731)*

0.05871
(0.304)

-0.00283
(-0.399)

-0.3228
(-1.785)*

-0.02249
(-0.166)

ΔFP t-1

-0.01592
(-0.432)

-0.013
(-0.366)

-0.03433
(-0.092)

-0.02969
(-0.414)

-0.01560
(-0.302)

-0.07877
(-0.302)

-0.09684
(-0.488)

-0.04278
(-0.263)

-0.08913
(-0.432)

c
-0.4551
(-0.503)

-11.414
(-0.228)

-7.544
(-0.478)

-0.4336
(-0.486)

-10.597
(-0.188)

-7.561
(-0.698)

-0.3913
(-0.481)

-11.412
(-0.211)

-1.375
(-0.172)

Bt

0.00439
(0.563)

0.11436
(0.234)

0.07397
(0.471)

0.00419
(0.547)

0.10931
(0.195)

0.07505
(0.695)

0.003687
(0.542)

0.11433
(0.216)

0.009335
(0.188)

Electronic Parts and 
Components

ΔRDt-1

0.09537
(0.273)

-0.1358
(-0.083)

-0.8902
(-0.052)

0.06938
(0.190)

-0.2029
(-0.115)

0.01175
(0.001)

0.11053
(0.329)

0.006302
(0.012)

0.1588
(0.069)

ΔCN t-1

0.01756
(0.025)

-0.54127
(-2.569)

-0.28403
(-0.374)

0.004997
(0.006)

-0.53886
(-2.464)**

-0.18297
(-0.395)

-0.00025
(-0.031)

-0.54244
(-2.368)**

-0.04408
(-0.485)

ΔFP t-1

-0.00274
(-0.109)

0.02819
(0.381)

-0.20781
(-0.456)

-0.00240
(-0.045)

0.05459
(0.319)

-0.1937
(-0.526)

-0.00307
(-0.015)

0.1317
(0.428)

-0.26435
(-0.545)

c
2.4051
(0.622)

-4.289
(-0.266)

-53.706
(-1.050)

2.5435
(0.635)

-3.764
(-0.090)

-29.115
(-0.998)

2.4818
(0.649)

-1.096
(-0.085)

-9.152
(-0.982)

Bt

-0.02344
(-1.628)*

0.045041
(1.257)

0.54377
(2.070)**

-0.02621
(-1.641)*

0.039811
(1.192)

0.28066
(2.010)**

-0.02576
(-1.655)**

0.05141
(1.166)

0.089696
(2.010)**
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Table 4 VAR (cont.)

Panel B. Number of patents in China (CN)

FP ROE, model IV ROA, model V EPS, model VI

ΔRDt ΔCNt ΔFPt ΔRDt ΔCNt ΔFPt ΔRDt ΔCNt ΔFPt

Electronic Products 
Distribution

ΔRDt-1

-0.1838
(-0.633)

-32.83
(-2.728)**

7.889
(0.230)

0.06872
(0.177)

-0.2342
(-0.151)

0.05622
(0.031)

-0.2237
(-0.6866)

-40.51
(-2.548)

-1.192
(-0.164)

ΔCN t-1

-0.00289
(-0.528)

-1.354
(-5.962)**

0.272
(0.421)

0.002384
(-0.012)

-0.5656
(-1.509)

-0.11453
(-0.332)

-0.00260
(-0.475)

-1.302
(-4.946)

0.05806
(0.483)

ΔFP t-1

-0.00398
(-0.743)

-0.7214
(-3.244)**

-0.932
(-1.473)

-0.00252
(-0.116)

0.03017
(0.220)

-0.20827
(-0.554)

-0.02852
(-0.675)

-5.122
(-2.525)

-0.8278
(-0.893)

c
8.137

(2.142)**

435.2
(2.762)**

268.5
(0.599)

2.5948
(0.649)

-2.260
(-0.061)

-27.84
(-0.979)

8.715
(1.814) *

535.5
(2.321) **

20.97
(0.199)

Bt

-0.08224
(-2.176)**

-4.132
(-2.637)**

-2.708
(-0.607)

-0.02638
(-0.658)

0.02420
(0.161)

0.2757
(0.992)

-0.08806
(-1.836) *

-5.145
(-2.233) **

-0.2168
(-0.206)

Other Electronic

ΔRDt-1

-0.00179
(-0.026)

-3.587
(-0.400)

4.8265
(2.198) **

0.02090
(0.054)

-2.945
(-0.283)

3.3076
(2.199) **

0.01142
(0.012)

-3.0588
(-0.370)

0.60956
(1.589)

ΔCN t-1

-0.00031
(-0.190)

0.33430
(1.573)

-0.00416
(-0.127)

-0.00029
(-0.095)

0.33870
(1.566)

-0.00242
(-0.144)

-0.00029
(-0.177)

0.33823
(1.540)

0.001637
(0.401)

ΔFP t-1

0.018077
(0.262)

0.1695
(0.392)

-0.3365
(-1.938) *

0.050447
(0.797)

-0.1877
(0.235)

-0.4725
(-2.231) **

0.15643
(0.488)

0.7353
(0.416)

-0.35154
(-1.807) *

c
0.803748
(0.305)

60.84
(0.861)

-38.995
(-0.880)

0.9236
(0.371)

60.87
(0.845)

-18.963
(-0.753)

1.1247
(0.382)

62.20
(0.688)

-15.857
(-1.128)

Bt

-0.00719
(-0.281)

-0.6255
(-1.864) *

0.38348
(1.848) *

-0.00839
(-0.347)

-0.6247
(-1.835) *

0.17850
(1.714) *

-0.01093
(-0.328)

-0.6305
(-1.693) *

0.156949
(2.112) **

Panel C. Number of patents in the U.S. (US)

FP ROE, model VII ROA, model VIII EPS, model IX

ΔRDt ΔUSt ΔFPt ΔRDt ΔUSt ΔFPt ΔRDt ΔUSt ΔFPt

Semiconductor

ΔRDt-1

0.14579
(0.408)

0.02171
(0.116)

-1.0528
(-1.725) *

0.18450
(0.574)

0.01298
(0.010)

-0.64363
(-1.935) *

0.1501
(0.386)

0.00331
(0.053)

-0.05373
(-1.279)

ΔUS t-1

0.001534
(0.350)

0.10410
(0.277)

-0.00694
(-0.068)

0.003239
(0.432)

0.11652
(0.308)

-0.00803
(-0.091)

0.00047
(0.298)

0.11954
(0.338)

-0.00246
(-0.010)

ΔFP t-1

0.01453
(0.541)

0.02989
(0.203)

-0.4411
(-2.202) **

0.02237
(0.430)

0.06325
(0.168)

-0.4804
(-2.322) **

0.09715
(0.548)

0.1776
(0.054)

-0.5049
(-2.227) **

c
8.120

(0.783)
-16.982
(-0.437)

-72.47
(-0.840)

7.818
(0.711)

-23.602
(-0.518)

-38.08
(-1.207)

8.345
(0.725)

-20.695
(-0.471)

-11.676
(-1.158)

Bt

-0.08660
(-1.770) *

0.122151
(0.457)

0.7333
(1.851) *

-0.08259
(-1.711) *

0.181328
(0.507)

0.3892
(2.238) **

-0.10111
(-1.718) *

0.1580
(0.462)

0.11823
(2.172) **

Computer and 
Peripheral 
Equipment

ΔRDt-1

-0.1309
(-0.266)

-0.3417
(-0.365)

0.8331
(0.101)

-0.15665
(-0.355)

-0.3894
(-0.292)

0.4427
(0.159)

-0.14838
(-0.302)

-0.4306
(-0.206)

0.16968
(0.211)

ΔUS t-1

0.010537
(0.651)

-0.151
(-0.443)

-0.08886
(-0.073)

0.01256
(0.619)

-0.1590
(-0.386)

-0.08617
(-0.299)

0.010619
(0.622)

-0.20681
(-0.462)

-0.01621
(-0.197)

ΔFP t-1

-0.00629
(-0.294)

-0.00479
(-0.023)

0.07824
(0.178)

-0.01178
(-0.324)

-0.00335
(-0.029)

0.08795
(0.160)

-0.03421
(-0.480)

-0.00755
(0.017)

0.01565
(0.005)

c
0.9062
(0.354)

-6.668
(-0.380)

-44.18
(-0.612)

0.8273
(0.351)

-7.515
(-0.378)

-18.25
(-0.672)

0.5895
(0.164)

-7.551
(-0.371)

-5.705
(-0.670)

Bt

-0.00802
(-0.300)

0.06779
(0.355)

0.4344
(1.604)

-0.00724
(-0.298)

0.07642
(0.375)

0.1767
(1.651) *

-0.00455
(-0.107)

0.07761
(0.366)

0.05388
(1.636) *
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Table 4 VAR (cont.)

Panel C. Number of patents in the U.S. (US)

FP ROE, model VII ROA, model VIII EPS, model IX

ΔRDt ΔUSt ΔFPt ΔRDt ΔUSt ΔFPt ΔRDt ΔUSt ΔFPt

Optoelectronic

ΔRDt-1

-0.17330
(-1.558)

0.2357
(0.160)

-1.388
(-1.472)

-0.18856
(-1.560)

0.2342
(0.148)

-0.7600
(-0.332)

0.03037
(1.126)

0.3249
(0.488)

-0.3392
(-1.717) *

ΔUS t-1

0.005152
(0.052)

-0.09712
(-0.091)

0.191
(0.187)

0.002953
(0.016)

-0.08121
(-0.125)

0.06113
(0.0689)

0.009126
(0.087)

-0.2209
(-0.310)

-0.00524
(0.107)

ΔFP t-1

-0.01417
(-0.629)

0.003644
(0.087)

-0.053
(-0.105)

-0.02554
(-0.552)

0.01216
(0.107)

-0.06148
(-0.115)

-0.08601
(-0.698)

0.1693
(0.592)

-0.1287
(-0.254)

c
2.765

(0.366)
-22.906
(-0.299)

-54.206
(-0.704)

2.565
(0.451)

-31.039
(-0.401)

-28.127
(-0.661)

1.028
(0.180)

-15.525
(-0.524)

-5.321
(-0.492)

Bt

-0.02823
(-0.370)

0.22898
(0.289)

0.54038
(1.704) *

-0.02556
(-0.461)

0.31113
(0.390)

0.27295
(1.663) *

-0.01075
(-0.186)

0.15619
(0.509)

0.05198
(1.489)

Communications 
and Internet

ΔRDt-1

-0.04129
(-0.102)

-0.5114
(-0.474)

0.02968
(0.019)

-0.1037
(-0.213)

-0.5813
(-0.356)

-0.3464
(-0.169)

-0.05096
(-0.114)

-0.5551
(-0.195)

-0.01876
(-0.091)

ΔUS t-1

0.02503
(0.220)

-0.3932
(-1.942) *

-0.1615
(-0.091)

0.02469
(0.214)

-0.3890
(-1.923) *

-0.08395
(-0.095)

0.02511
(0.246)

-0.3626
(-1.742) *

0.01108
(0.061)

ΔFP t-1

-0.01743
(-0.379)

0.005975
(0.051)

0.06234
(0.160)

-0.04149
(-0.382)

0.02194
(0.081)

0.038988
(0.084)

-0.15827
(-0.666)

0.14112
(0.272)

0.020327
(0.122)

c
-2.902

(-0.678)
-8.676

(-0.474)
-14.08

(-0.530)
-2.868

(-0.642)
-8.601

(-0.478)
-12.702
(-0.513)

-2.807
(-0.640)

-6.650
(-0.547)

-1.980
(-0.184)

Bt

0.02775
(1.724) *

0.08278
(0.334)

0.1397
(0.516)

0.02741
(1.689) *

0.08635
(0.443)

0.12662
(0.495)

0.02680
(1.687) *

0.06327
(0.537)

0.01456
(0.149)

Electronic Parts 
and Components

ΔRDt-1

0.1676
(0.394)

-0.1264
(-0.283)

-0.3695
(-0.052)

0.1703
(0.337)

-0.1910
(-0.304)

-0.00281
(-0.001)

0.17772
(0.393)

-0.1489
(-0.318)

-0.02234
(-0.025)

ΔUS t-1

0.002469
(0.025)

-0.4756
(-2.391)

-0.28721
(-0.184)

0.002468
(0.006)

-0.4853
(-2.392) **

-0.13775
(-0.144)

-0.00288
(-0.032)

-0.4599
(-2.355) **

-0.07934
(-0.176)

ΔFP t-1

-0.00274
(-0.109)

0.006934
(0.325)

-0.11425
(-0.273)

-0.00264
(-0.127)

0.009855
(0.362)

-0.1939
(-0.467)

-0.00119
(-0.048)

0.06105
(0.455)

-0.26748
(-0.545)

c
1.8773
(0.513)

-1.787
(-0.125)

-52.467
(-1.001)

1.9022
(0.518)

-1.664
(-0.114)

-35.288
(-0.961)

1.8766
(0.512)

-1.096
(-0.103)

-9.7595
(-0.982)

Bt

-0.01918
(-0.521)

0.01772
(0.059)

0.52966
(1.990) **

-0.01940
(-0.526)

0.008579
(0.022)

0.35529
(1.943) *

-0.01917
(-0.520)

0.00829
(0.028)

0.101066
(2.010) **

Electronic 
Products 

Distribution

ΔRDt-1

-0.2725
(-0.839)

-3.206
(-0.661)

-3.581
(-0.094)

-0.2817
(-0.897)

-3.355
(-0.700)

0.03364
(0.004)

-0.3641
(-0.989)

-2.607
(-0.468)

-3.914
(-0.477)

ΔUS t-1

0.02049
(0.608)

0.05664
(0.113)

2.493
(1.635)

0.01635
(0.486)

0.03931
(0.076)

0.493
(1.511)

0.02538
(0.766)

0.05011
(0.100)

0.4839
(1.656) *

ΔFP t-1

-0.00316
(-0.598)

-0.00321
(-0.041)

-0.9278
(-1.506)

-0.01762
(-0.791)

-0.05347
(-0.157)

-0.7371
(-1.154)

-0.02986
(-0.731)

0.1058
(0.171)

-0.9329
(-1.024)

c
6.984

(1.940) *

0.1038
(0.002)

280.8
(0.670)

7.326
(2.195) **

4.713
(0.093)

39.54
(0.413)

8.136
(1.816) *

-12.03
(-0.178)

35.03
(0.351)

Bt

-0.07123
(-1.978) **

-0.00547
(-0.010)

-2.809
(-0.669)

-0.07466
(-2.237) **

-0.05172
(-0.101)

-0.3949
(-0.413)

-0.08282
(-1.844) *

0.1165
(0.172)

-0.3528
(-0.353)
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Notes:
1. Table 4 presents the median of each estimated coefficient in the VAR models by industry type. For each firm, we have nine VAR models, i.e.,
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where RDt is the ratio of R&D expenditures to sales in year t, PTi is number of patents obtained in Taiwan, China, and the U.S. (i.e., TWt, CNt, and USt, respec-
tively), in year t, FPt is financial performance (i.e., ROAt, ROEt, and EPSt, respectively) in year t, Bt is the business cycle index, and m is the maximum number 
of lag terms of each variable, and ε is supposed to be a white noise.
2. The symbol * and ** denotes for significance at the 10% and 5% level, respectively.

5 Summary and conclusions
In this study, we investigate the relationships among R&D, 

number of patents, and financial performances for the firms 
listed on the TWSE. In particular, we apply Unit Root Tests 
and VAR models to examine the relationships of the listed 
firms classified as industries of Semiconductor, Computer and 
Peripheral Equipment, Optoelectronic, Communications and 
Internet, Electronic Parts & Components, Electronic Products 
Distribution, and Other Electronic, by the TWSE. In sum, 
the empirical results find the different lead-lag relationships 
among R&D, patent arrangements, and financial performances 
in different industries, indicating important insight into patent 
arrangements.
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