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3. DATA & METHODOLOGY 

 

3∙1 HYPOTHESES 

 

First, Figure 3-1 indicates the conceptual framework in this study, which 

starts at the intellectual capital which consists of customer, innovation, human, and 

process capital. Here we focus on the innovation capital, especially R&D and patents. 

And numerous studies suggest that investors view R&D expenditures as investments 

that are expected to generate future profits and the stock market positively values the 

R&D and patents outlays. In turn, current share prices reflect expected benefits from 

R&D activities and patents. This is consistent with the assumptions that a manager 

chooses an R&D program and invents or purchases a patent to maximize the expected 

discounted value of the net cash flows from firms’ activities, the prospect of 

monopolistic profits, and the fear of lost profits due to rival technological innovation.  

 

Next, as for the rate of stock return, mathematically speaking, it means the 

change between two stock share prices for a specific period time. That is, price 

changes reflect revisions in investor expectations for the market as a whole. Since 

innovation activities are value-relevant to both firms and investors, stock returns are 

supposed to contain the effect of innovation. As a result, we investigate whether the 

relationship between innovation and stock returns still holds after controlling for the 

effect of the market, firm-size, and book-to-market ratio.  
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Figure 3-1 Conceptual framework for this study 
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Since the future outcome of R&D activity contains uncertainty, R&D 

activity is risky. Therefore, investors should give more (risk) premium on the firms 

engaging in R&D activities. There is one other thing that is important in R&D. Lev 

and Sougiannis (1996) suggest that the capitalization of R&D, referred to R&D 

capital, was found to be strongly associated with stock prices and returns. For 

investors, the R&D capitalization is one kind of value-relevant information. Thus, we 

take two measurements for R&D in our hypotheses, which are R&D expenditures and 

R&D capital. Here, we assume that stock market reactions will depend on firms’ 

innovation capabilities. If a company has strong technology abilities, it means this 

company has more R&D successful experience and knowledge stock. When it does 

new R&D, it has higher possibility to succeed. Therefore, stock market may have 

positive reactions on its stock price. 

 

H1：R&D expenses recorded according to current accounting standards are 

positively associated with the market excess rate of return. 

H2：R&D investment with the capitalization of R&D expenses is positively 

associated with the market excess rate of returns. 

 

Besides R&D investments as the input of innovative activity, the output of 

the innovation process, here referred to patents, is important to business profits as 

well. Furthermore, Deng, Lev and Narin (1999) discover that most of patent 

indicators are statistically associated with subsequent stock returns. Therefore we 

construct another two hypotheses predict the relationship between stock returns and 

patents. 
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H3：The number of patents granted for each year is positively related with the 

market excess rate of return.  

H4：The cumulated number of patents granted in each year is positively 

related with the market excess rate of return. 

 

Lev and Sougiannis (1996) suggest that the capitalization of R&D, referred 

to R&D capital, was found to be strongly associated with stock prices and returns. 

Afterwards, Dennis, Ross and Robert (2002) find that high R&D-assets firms could 

earn greater future excess returns than low R&D-assets firms as well. Thus, we have 

good grounds for thinking that R&D capital has significantly different explanatory 

power on stock returns than the measurement of R&D expenditures, and construct the 

following hypothesis: 

 

H5：The indicator of capitalization of R&D has significantly different impact  

on stock returns from the measurement of R&D expenditures. 

 

Next, we will take a close look at the explanatory power between two 

different indicators for patents. Deng, Lev and Narin (1999) find that most of patent 

indicators, such as patent count (the number of a firm’s patents), citation impact (the 

total number of forward citations in a given year to the firm’s patents issued in the 

most recent five years), are statistically associated with subsequent stock returns and 

market-to-book ratios. Thus, at this point, we construct Hypothesis 6, as follows: 

 

H6：The indicator of patent count has significantly distinctive impact on 

stock returns from the measurement of the cumulated number of 

patents. 
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Hirschey, Richardson and Scholz (2001) suggest that the relation between 

R&D expenditures and values of equity is more precisely measured when patent 

quality information is taken into consideration. R&D expenditures could be regarded 

as input in the invention process and the value relevance of R&D is depending on the 

effectiveness of output. Nevertheless, there remains a second question, whether 

measurements of R&D or measurements of patents would have more explanatory 

power towards stock returns. Thus, the question which we must consider next is either 

R&D or patents is different in explaining stock returns. 

 

H7: The measurements of patents have significantly distinctive influence on 

the excess stock returns than the measurements of R&D. 

 

Chan, Lakonishok and Sougiannis (1999) find that the ratio of R&D 

expenditures to market value of equity has distinctive impact on future returns. Deng, 

Lev and Narin (1999) show most of patent indicators are statistically associated with 

subsequent stock returns and market-to-book ratios. Dennis, Ross and Robert (2002) 

discover that high R&D-assets firms could earn greater future excess returns than low 

R&D-assets firms. Since R&D and patents have future benefits, we construct the 

Hypothesis 8 as follows: 

 

H8: Indicators of R&D expenses, capitalized R&D, patent count and 

accumulated patent count are associated with subsequent stock returns.  
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3∙2  RESEARCH SAMPLE & DATA 

 

Data 

 

Here, we decide to report our findings with monthly data, and select the 

sample as individual stocks in the Taiwan stock market and the OTC (Over the 

Counter) market from Taiwan Economics Journal (TEJ) database. The sample period 

covered in this study is from January 1982 to December 2004. The patent data is 

gathered from the Intellectual Property Office in Taiwan. All the other variables are 

publicly available financial information collected from TEJ database. Truly speaking, 

it took time to collect patent-related data; since the patent database belonged to APIPA 

(Asia Pacific Intellectual Property Association) have no “file-out” function, so we 

have to check the patent data only one firm each time, and the way of data processing 

is semi-handy rather than automatically by computer. 

 

Sample Description 

 

Table 3-1 shows the distribution of the sample data by industry. Unlike most 

essays exclude the Bank and the Construction industries; our sample data include all 

the industries in the Taiwan stock market and there are totally 21717 firm-year 

observations during 1982-2004. Specially, more than 45% (9835/21717) of the 

firm-year observations are from the Electron industry. In turn, the second highest 

number of observations is the Textile industry which consists of 1398 firm-year 

observations, and the third one is the Others industry that contains 1352 observations. 

We identify industries by their two-digit code.  
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Table 3-1 Industry distribution of sample observations from Jan.1982 to Dec.2004 

 
Industry 

 
Code 

Numbers of 
Sample 

(firm-year) 

Proportion of 
Sample 

Cement (11) 197 0.91%
Food (12)(42) 669 3.08%
Plastics (13)(43) 606 2.79%
Textiles (14)(44) 1398 6.44%
Electric & Machinery (15)(45) 1076 4.95%
Appliance & Cable (16)(46) 372 1.71%
Chemical (17)(47) 1124 5.18%
Glass & Ceramics (18)(48) 192 0.88%
Paper & Pulp (19)(49) 183 0.84%
Steel & Iron (20)(50) 748 3.44%
Rubber (21)(51) 240 1.11%
Automobile (22)(52) 107 0.49%
Electron (23)(24)(30)(31)(32)(53) 

(54)(61)(62)(80)(81)(82) 9835 45.29%
Construction (25)(55) 1185 5.46%
Transportation (26)(56) 477 2.20%
Tourism (27)(57) 208 0.96%
Banking & Insurance (28)(58) 756 3.48%
Department stores (29)(59) 338 1.56%
Telecom & Communication (49) 85 0.39%
Software (52) 145 0.67%
Supervised Stocks (87) 424 1.95%
Others (98)(99) 1352 6.23%
Total                                                    21717      100.00%
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3∙3  EMPIRICAL MODEL & TEST  

 

Portfolio Formation  

 

We sort the stocks in Taiwan stock market and the OTC (Over the Counter) 

market on the basis of firm size, B/M ratio, and innovation factors. According to 

Fama and French (1993), we develop six portfolios (S/L, S/M, S/H, B/L, B/M, B/H) 

from the intersection of the two ME (stock price times shares outstanding) groups and 

the three BE/ME groups. For the size factor, we spilt stocks into two groups, small 

and big (S and B), based on the median point. For the BE/ME equity and innovation 

factors, we break stocks into three groups, low, medium and high (L, M and H), for 

each on the basis of breakpoints for the bottom 30%, middle 40%, and top 30% on the 

ranked values of the BE/ME ratio. BE is defined as book value of shareholders’ equity 

minus the book value of preferred stocks. BE/ME is the book value of common equity 

for the year ending in the year t-1 divided by the market value of equity at December 

in the year t-1. Negative BE firms are excluded from the sample. Similar to the size 

factor, for innovation factors, we spilt stocks into two groups, high and low (H and L), 

based on the median point. 

 

Empirical Models & Variables 

 

We introduce the regressions based on the Fama and French three-factor 

model (1993), and add new independent variables individually. The model is used to 

control the well-known determinants of stock returns, such as the market premium, 

firm size, and book-to-market ratio. Following the hypotheses mentioned above, 

factors such as R&D expenses, capitalization of R&D expenses, and the amount of 
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patents granted are taken into consideration in this study. We take t-test to examine the 

effect of R&D and patents for the first to fourth hypotheses. It is interesting to note 

that these factors are individually put into the regression model, instead of altogether 

in the regression model. In order to explore the explanation power among these 

factors, Wald test will be adopted to check the difference of coefficients and of 

explanation power across regressions, respectively. The regressions (1) ~ (4) are: 

 

(1) ε++++−+=− )()()]()([)()( trRDEXPthHMLsSMBtRFtRMbatRFtR  

(2) ε++++−+=− )()()]()([)()( tdRDASSETthHMLsSMBtRFtRMbatRFtR  

(3) ε++++−+=− )()()]()([)()( tpPATENTthHMLsSMBtRFtRMbatRFtR  

(4) ε++++−+=− )()()]()([)()( tCKkPATENTSTOthHMLsSMBtRFtRMbatRFtR  

 

RF： RF is one-month risk-free rate, return on one-month prime interest 

rate. 

RM: RM is the value-weighted monthly return on the stocks in the six 

size-BE/ME portfolios. 

 

SMB (small minus big)： SMB is the monthly return, as the proxy for the 

size factor, of the difference between small-stock portfolios and 

big-stock portfolios with the same weighted-average 

book-to-market equity ratio. 

 

HML (high minus low)：HML is the monthly return, as the proxy for the 

book-to-market ratio factor, of the difference between high B/M 

ratio portfolios and low B/M ratio portfolios with the same 

averaged-average size. 



 40

 

RDEXP：Sort component stocks in Taiwan stock market and the OTC 

market based on current R&D expenditures in the financial 

statements in the beginning of t year and partition the sample into 

two groups which are high-RDEXP and low-RDEXP based on the 

median point. Then this explanatory variable is the difference of 

monthly returns on high-RDEXP portfolios and returns on 

low-RDEXP portfolios. It is the proxy as “R&D-expense” 

premiums for stock returns. 

 

RDASSET：First, sort component stocks in Taiwan stock market and the 

OTC market based on the R&D investment in the beginning of t 

year. Here we define the R&D investment equals 

1.0*RDEXPt+0.8*RDEXPt-1 + 0.6*RDEXPt-2 + 0.4*RDEXPt-3 + 

0.2*RDEXPt-4, which is same as in Dennis, Ross and Robert 

(2002). Next, we divide the sample into high-RDASSET and 

low-RDASSET groups according to the median point. And the 

explanatory variable means the difference of monthly returns on 

high-RDASSET portfolios and returns on low-RDASSET 

portfolios. It is the proxy as “capitalized-R&D” premiums for 

stock returns. 

 

PATENT (Number of patents Granted)： Sort the stocks in Taiwan stock 

market and the OTC market on the number of patents granted in 

the t-1 year. We construct two groups based on whether the amount 

is zero or not. If the number of patents is zero, then the observation 
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is in the low-PATENT group. On the other hand, if the amount of 

patents is higher than zero, this observation is belonged to the 

high-PATENT group. Finally, PATENT is the difference between 

monthly returns on high-PATENT portfolios and low-PATENT 

portfolios. It is the proxy as “patent-count” premiums for stock 

returns. 

 

PATENTSTOCK (Accumulated Number of patents Granted)： Sort the 

stocks in Taiwan stock market and the OTC market on the 

accumulated number of patents granted until the beginning of t 

year. The classification is the same with the explanatory variable 

PATENT. The high-PATENTSTOCK group contains the sample 

with positive amounts of patents, and the low-PATENTSTOCK 

group consists of the sample without any patent inside. Therefore, 

PATENTSTOCK is the difference between monthly returns on 

high-PATENTSTOCK portfolios and low-PATENTSTOCK 

portfolios. It is the proxy as “cumulative patent-count” premiums 

for stock returns. 

 

In Model 1, we take RDEXP as a proxy for premiums to explain the excess 

stock returns, and use RDASSET in Model 2. Both RDEXP and RDASSET are R&D 

- related premiums. In Model 3 and Model 4, likewise, for patent-related factors, 

PATENT and PATENTSOTCK are regarded as the premiums to explain stock returns. 

On the other hand, RM-RF, SMB, and HML are the controlling variables In Model 1 

to Model 4. 
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As Chan, Lakonishok and Sougiannis (1999) find that R&D expenditures to 

market value equity have distinct impact on future stock returns, it is important to 

consider the economic years for the intellectual assets. We must look more carefully 

into the time lag issue towards R&D and patents. Therefore, for the proxy 

measurements of R&D and patents, besides the original method, we also extend the 

three-factor model that is shown in Fama and French (1993) by adding lagged values 

of explanatory variables from the t-1 year to the t-5 year respectively. Here, we don’t 

discuss the details of coefficients for the lagged variables. Instead, we use both 

Akaike's Information Criterion (AIC) and Sawa’s Bayesian Information Criterion 

(BIC) which are criterions for selecting among econometric models, to determine the 

optimum time lag for stock returns.  
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