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Abstract. Innovation is widely recognized as the main stimulus of economic growth. Con-
sidering that Taiwan has devoted increasingly more efforts to R&D since the late 1980s,
a crucial question is posed: did the R&D productivity of firms begin to decline in Taiwan
during the post-Asian Financial Crisis period when Taiwan’s economic growth began to
decelerate? This study investigates changes in R&D productivity for Taiwan’s manufactur-
ing firms from 1990 to 2003. By employing various approaches to obtain robust results,
findings from firm-level microeconometric analysis suggests that overall R&D productiv-
ity in Taiwan appears to have been ascendant, particularly during the post-crisis period.
This result is also evidenced by segmenting the sample into industry groups, whereby
electronics firms have a significantly high R&D productivity growth relative to firms out-
side the electronics industry. Therefore, the slowdown of Taiwan’s economic growth in the
past decade is attributed to other influences rather than a slowdown in R&D productivity.
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1. Introduction

Innovation, as supported in relevant empirical literature, is widely recognized as a
major stimulus of economic growth!. To transform the labor-intensive industries of
the Taiwanese manufacturing structure to those that are technological and knowledge-
intensive, both public and private sectors have, since the mid-1980s, devoted gradually
increasing efforts to innovative activity and have achieved outstanding performance

I'See Acemoglu et al. (2006) for a comprehensive survey of the interaction among the degree of
economic development, R&D, and economic growth.
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in various measures of innovation?. However, although Taiwan’s innovation perfor-
mance is distinguished and well known worldwide, its miracle of high economic growth
seemed to change dramatically after the 1997 Asian financial crisis. From 1986 to 1997,
Taiwan experienced an average growth rate of 7.63%, whereas the average growth rate
declined to 4.25% from 1998 to 2008>.

If innovation served as the primary stimulus of Taiwan’s economic growth in the 1990s,
a question remains: has Taiwan’s stagnant post-crisis performance arisen because of its
innovative productivity being on the decline? R&D-based endogenous growth theories,
such as those proposed by Romer (1990), Grossman and Helpman (1991), and Aghion
and Howitt (1992) emphasize the role played by innovation in promoting economic
growth. However, semi-endogenous theory, developed by Jones (1995), Kortum (1997),
and Segerstrom (1998), incorporates the law of diminishing marginal returns into the
stock of knowledge in R&D. In other words, R&D productivity may be a decreasing
trend and there is no longer a positive relationship between the levels of R&D and
productivity growth®.

Sustainable growth depends partly on the ability of firms to develop new technolo-
gies. Based on the law of decreasing returns, if R&D productivity exhibits a decline,
then one country alone cannot experience long-term economic growth, regardless of
whether it continues to engage in R&D activities. The decline in innovative capability
had arguably been one of the primary causes of low economic growth in the United
States during the 1970s (Griliches, Mairesse 1984), whereas R&D productivity appeared
to recover in the early 1980s (Lichtenberg, Siegel 1991). Using aggregate R&D data
for the United States during 1953-2000, Ha and Howitt (2007) found that growth in
R&D inputs had declined significantly since 1953, while TFP growth during the same
period had not displayed any downward trend. This phenomenon of declining R&D
productivity also occurred in France during the late 1980s (Hall, Mairesse 1995) and
in Spain during the 1990s (Beneito 2001). Moreover, Branstetter and Nakamura (2003)
investigated changes in the output and productivity of R&D in Japan and discovered
a slowdown that had transpired in the growth of Japanese research productivity in the
1990s. Based on the experiences of advanced countries, a decline in R&D productivity
seems to be inevitable.

By contrast, Madsen (2007) examined the hypothesis of diminishing returns to R&D
and showed that the null hypothesis of constant returns to R&D cannot be rejected
for OECD countries. Using long historical data for the United Kingdom from 1620 to

2 Please see Trajtenberg (2001) for the international comparison of patents granted in the U.S.

3 The Asian Financial Crisis indeed was an exogenous shock on macroeconomic performance, though
some Asian countries recovered from the shock quickly. For example, South Korea was knocked
seriously by the Asian Financial Crisis, resulting in its economy declining —6.9% in 1998. However,
its economy recovered quickly and reached an average growth rate of 6.08% over 1999-2004.

4 The semi-endogenous models have been motivated by graphical evidence of a decline in R&D pro-
ductivity in the USA (Kortum 1993; Griliches 1994; Madsen 2008) and in the UK, Germany and
France (Evenson 1993).
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2006, Madsen ef al. (2010) suggested that innovative activity was an important force
in shaping the Industrial Revolution and showed that the growth miracle in India over
the past five decades has been driven by research intensity. Using data for the six Asian
miracle economies from 1953 to 2006, Ang and Madsen (2011) evidenced that R&D
growth and R&D intensity have influenced Asian growth®. These results cast doubt on
the assumption of diminishing returns to knowledge, and the implications of R&D-
based theories remain unclear, particularly for developing economies. Therefore, the
main purpose of this study was to determine whether R&D productivity declines in a
newly industrialized economy (NIE), specifically, in Taiwan. This question is critically
relevant for Taiwan’s long-term economic growth. In addition, determining whether
continually investing in R&D activity is worthwhile can yield insightful implications
regarding the R&D strategies of firms.

The remainder of this paper is organized as follows. The next section reviews Taiwan’s
innovative activities from both historical and comparative perspectives. Section 3 pre-
sents the empirical framework, estimation techniques, and dataset. Section 4 reports
and discusses the estimates of the time trend of the innovative productivity of firms in
Taiwan during the 1990s and early 2000s. Additional investigations on R&D produc-
tivity for both the electronics industry and other industries are described in Section 5.
Concluding remarks and policy implications are summarized in the final section.

2. Taiwan’s innovative activity: a historical and comparative perspective

In the 1980s, Taiwan turned its focus on the development of high-tech industries and
experienced a high level of growth that was driven by exporting labor-intensive prod-
ucts for three decades. The establishment of the Hsinchu Science-based Industrial Park
(HSIP) can be marked as the milestone of industrial revolution in Taiwan®. Accordingly,
both public and private sectors devoted increasingly more efforts to innovative activity.
To set the stage for analysis, it is worth reviewing some of the evidence of Taiwan’s
expanding technological capability since the late 1980s.

Table 1 displays Taiwan’s innovative activity since the late 1980s. Columns (1) and (2)
list the R&D spending and ratios of R&D expenditure to GNP, respectively. The amount
of R&D expenditure has increased nearly sixfold: from NT$43.839 billion in 1988 to
NT$331,386 billion in 2007. This steadily increasing trend of R&D expenditure reveals
that Taiwan had devoted considerable effort to scientific and technological development,
in accordance with the need for industrial upgrading and economic growth. Correspond-
ingly, the ratio of R&D expenditures to GNP increased from 1.21% in 1988 to 2.62%
in 2007, which are similar ratios to those of Germany and the U.S.

5 The six miracle economies include: China, India, Japan, Korea, Singapore and Taiwan.

6 Enormous changes in Taiwan’s industrial environment occurred from the 1980s and onward. Not far
after, environmental protection, increasing land and labor costs, and a violent fluctuation in Taiwan’s
local currency all emerged as major issues. In order to upgrade its economy towards technology-
intensive and capital-intensive industries, as inspired by the success of California’s Silicon Valley,
Taiwan’s government helped to establish HSIP.
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Table 1. Taiwan’s innovative activity, 1988-2007

(1) 2) 3) (4)
R&D R&D/GNP Domestic Patent Patent
(million NT$) (%) Granted Granted/R&D

1988 43,839 1.21 17,151 0.391
1989 54,789 1.36 17,917 0.327
1990 71,548 1.62 19,964 0.279
1991 81,765 1.66 22,940 0.280
1992 94,828 1.74 26,118 0.275
1993 103,617 1.74 28,246 0.273
1994 114,682 1.78 29,307 0.256
1995 125,031 1.79 28,900 0.231
1996 137,955 1.83 31,185 0.226
1997 156,321 1.91 33,657 0.215
1998 176,455 1.96 34,243 0.194
1999 190,520 2.03 32,643 0.171
2000 197,631 2.06 36,369 0.184
2001 204,974 2.17 40,210 0.196
2002 224,428 2.31 35,926 0.160
2003 242,942 2.32 39,663 0.165
2004 263,271 2.38 37,911 0.144
2005 280,980 2.45 42,324 0.151
2006 307,037 2.58 33,773 0.110
2007 331,386 2.62 34,068 0.103

Source: Indicators of Science and Technology of Taiwan, various issues. The process of issuing patents
changed in 2004.

Concerning innovative outputs, columns (3) and (4) show Taiwan’s patents granted to
residents and the patents granted per NT$1 million of R&D expenditure, respectively.
The number of domestic patents that were granted increased from 17,151 in 1988 to
42,324 in 2005 and then declined slightly. Notably, the number of patent applications
by domestic inventors seems to have grown much more slowly after reaching a peak in
2005. The patent-R&D ratio reflects the effectiveness of using R&D expenditure to gen-
erate innovations successfully. Column (4) shows that the number of patents generated
per NT$1 million of R&D seems to decline steadily. Does this indicate that the R&D
productivity of Taiwanese firms has also declined? The decline in patents generated per
NT$1 million R&D is, of course, one of the potential causes, attributable perhaps to the
average cost of R&D projects having increased over time and/or because the average
patent quality has improved.

Considering Taiwan’s innovative capability from a comparative perspective, we focus
on U.S. patents. Because of the importance of the U.S. market, Taiwanese firms are
quite aggressive in their efforts to patent in the United States. Moreover, U.S. patents
are usually sought first and foremost, because the standards for patentability are more
stringent and it is the largest export-targeted country. Figure 1 illustrates the number of
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Fig. 1. Taiwan’s patents approved in the U.S., 1988-2006

U.S. patents issued to Taiwanese inventors, as well as Taiwan’s ranking among foreign
inventors in the United States.

The number of Taiwanese patents granted in the United States has impressively grown
by an average annual rate of 15.49%, increasing from 539 in 1988 to 6361 in 2006;
however, this growth seemed to decelerate after 2001. Figures in parentheses are the
rankings of Taiwan-owned patents among foreign inventors in the United States. This
information can be regarded as a measure of Taiwan’s innovative capability relative
to its international counterparts. A study of “influential patenting” by the technology
consulting firm CHI, Inc. ranked Taiwan fourth worldwide in the quantity of its U.S.
patents since 2000. In the context of global firms competing under the same patent sys-
tem with the same set of rules and examiners as in the United States, Taiwan appears
to be closing the technological gap with its advanced counterparts’. Trajtenberg (2001)
conducted an international comparison of U.S. patents and indicated that Taiwan ranks
high in patents per capita, as compared to the G7 and other “Asian Tigers”. Hence,
R&D and innovation have contributed significantly to productivity, particularly since
1990 (Chen, Yang 2006).

The conflicting data for economic growth and innovative activity prompts critical ques-
tions: is Taiwan’s innovative capability on the decline? Furthermore, has the declining
R&D productivity, which has existed in developed countries during particular periods,
occurred in Taiwan?

7 Despite Taiwan receiving a large count of U.S. patents, its patents seem to have a low citation impact
and a high self-citation. What the inside story is of this phenomenon is worth further investigating.
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3. Empirical framework, estimation technique, and data

To investigate whether Taiwan’s innovative productivity has declined, we used data
collected from R&D inputs and outputs at the firm-level to estimate the knowledge
production function used by Sakakibara and Branstetter (2001). For patents to be a
measure of R&D output, the knowledge production function for firm i at time ¢ assumes
the following form®:

By = RS%» O]

P, represents the flow of new-to-Taiwan technologies, (e.g., patent count). Term RD is
the key source of knowledge production, research and development expenditures,

ZYcXict zejDift ZStTI
e’ et

where D, =ec ellit, 2)

The variable ys represents the difference in patenting caused by specific characteristics
of firms, whereas 0s represents exogenous differences in technological opportunities
among technological fields (industries) that are stable over time. Contingent on R&D
spending, as well as firm-specific and industry-specific characteristics, determining
whether the overall effectiveness of the innovative activity of firms in Taiwan has been
increasing, decreasing, or has remain unchanged over time is based on the pattern re-
vealed by the estimates of 3s. If the time plots of 3s show a downward trend, then it
implies a decline in R&D productivity, common to all fields, over time.

Using the logs of both sides of Equation (2) yields the following log-linear equation:
Pie =Bry +ZYcXict +ZejDijt +26tTt + €, 3)
c J t

where 7, is a firm’s R&D expenditure, X is a vector of firm characteristics, D is a
vector of dummy variables for controlling differences in the propensity of patenting
among industries, 7 is a vector of year dummies, and ¢ is an error term. To explore the
time trend of the overall effectiveness of the R&D productivity of firms, we replaced
a series of year dummies with a series of interactive terms between R&D and the year
dummy. This allows the error term to contain a firm fixed effect that is time-invariant
in the propensity of patenting among firms within industries. Because the firms in the
sample did not change their primary industry affiliation over time, the industry effect is
associated with the firm fixed effect. Referring to previous studies on the patent-R&D

nexus, the empirical model is specified as follows:
PAT, =By +B; InRD;, +B,SIZE;, + B3 In PCAP, + @)
B4ADVR;, + BsPROFIT,, +yInRD;, xT +¢;,.

The dependent variable, PAT, is the number of successful patent applications of indi-
vidual firms in year £. R&D spending, in logarithm (InRD), is the most crucial variable

8 Though patent count is not a perfect measure of R&D output, it constitutes a relevant measure of the
technological effectiveness of R&D activity (Griliches 1990).
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in the patent production function. Previous studies focusing on the R&D-patent relation-
ship have addressed the question of whether one the lag structure of R&D expending
can be identified, with most reaching the conclusion that the lag structure is poorly
identified®. Therefore, only a contemporaneous level of R&D spending is included in
the equation, following the specification of Hall and Ziedonis (2001).

The other variable considered is the size of the firm (S/ZFE), which is measured accord-
ing to the logarithm of the number of employees. The Schumpeter hypothesis suggests
that firms owning monopolistic power (usually large firms usually) tend to engage in
innovation, and this hypothesis has been supported by many empirical studies'?. Alter-
natively, Audretsch and Acs (1991) determined that small firms tend to outperform large
firms in innovation in technologically intensive environments.

The term InPCAP denotes a firm’s capital intensity, measured as the logarithm of the
ratio of physical capital to employees. Hall and Ziedonis (2001) argued that firms with
large sunk costs respond strategically to institutional shifts by expanding their port-
folios of patents with which to trade. ADVR denotes a firm’s advertisement intensity,
measured as the ratio of advertising expenditure to sales. This variable is included to
capture the toughness of competition within an industry and it is expected to influence
the innovation behavior of firms positively. Moreover, the financing of innovation is
widely discussed in relevant literature!!. A firm’s profitability (PROFIT) was included
in this study to measure the availability of internal financial resources and it is expected
to have a positive impact on the innovations of firms.

More importantly, a series of interaction terms between R&D and annual time dum-
mies for 1992-2003 is finally included in the empirical equation. The estimates of these
interaction terms can be used to examine whether the overall effectiveness of firms’ in-
novative activity has been increasing, decreasing, or has remain unchanged over time.
The common shift in the time trend might be attributed to numerous other macro shocks,
indicating that the change of patenting propensity for firms can be ascribed to many
factors with no effect on the average. Therefore, the estimates of these interaction terms
can be interpreted as the dynamics of firms’ R&D productivity.

Because the dependent variable, patent count, is a non-negative integer, a classical linear
model is inadequate. For count data, the linear exponential family provides a favorable
alternative. Therefore, we adopted the fixed effect negative binomial model developed
by Hausman et al. (1984) to implement the empirical estimation.

The dataset used in this study contains 244 manufacturing firms listed on the Taiwan
Stock Exchange (TSE) during 1990-2003, yielding an unbalanced panel of 3,136 ob-

9 For example, one can review Hausman et al. (1984) and Cincera (1997). They find that the estimate
of the sum of R&D lag coefficients is roughly the same as the estimated coefficient of contempo-
raneous R&D when no lags are included.

10 For example, please see Lerner (1995), and Hall and Ziedonis (2001).
11 For the importance of financing on firms’ R&D, please see Hall (2002) for a comprehensive survey.
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servations. The data for patents granted to each firm were collected from the computer
files of the Taiwan Intellectual Property Office. R&D spending and other firm charac-
teristics were obtained from the databank constructed by the Taiwan Economic Journal
(TEJ) company!2.

Is our dataset reasonably representative of Taiwanese industrial R&D activity? As is
well known, Taiwan’s manufacturing sector is composed of an extremely high ratio,
nearly 97%, of small and medium-sized enterprises (SMEs), whereas R&D spend-
ing and patenting have historically been highly concentrated in large industrial firms.
Arising from the conditions for initial public offerings (IPO), most of the firms listed
on the TSE belong to the classification of large enterprises. Moreover, the sample
includes most of Taiwan’s leading R&D-performing firms, ensuring a thorough repre-
sentation of the dataset. Table 2 summarizes the definition and basic statistics for each
variable.

Table 2. Sample characteristics

Variable Definition Means (S.D)
PAT The number of successful patent applications 5.444
(41.399)
RD R&D expenditure (NT$ million) 130.650
(564.797)
SIZE The number of employees 1141.742
(1687.012)
PCAP Capital Intensity: the ratio of capital to employees 4.273
(NT$ million/person) (6.461)
ADVR Advertisement Intensity: the ratio of advertisement 5.636
expenditures to sales (%) (17.335)
PROFIT Profitability: the firm’s post-tax profitability (%) 3.728
(18.795)

Note: the means and standard deviations are calculated by pooling data for the 1991-2003 period.

Before implementing the empirical estimations, we first use the sample to observe the
distribution of the total amount of R&D between electronics and non-electronics in-
dustries. Table 3 lists the amounts and percentages of R&D expenditures for all manu-
facturing firms, as well as for electronics firms and non-electronics firms. As shown
in Table 3, more than 70% of R&D expenditure was contributed by electronics firms
in the manufacturing sector during the sample period of 1990-2003. The electronics
industry is the key industry in Taiwan’s manufacturing sector regarding R&D activi-
ties. Therefore, this study further separated the sample into two sub-groups: electronics

12 Taiwan Economic Journal is a commercial company that has a fine reputation on collecting and sum-
marizing the information for companies listed on the Taiwan Stock Exchange. The TEJ data bank is
reliable and widely adopted by most universities in Taiwan. This data bank contains comprehensive
information for balance sheets, financial statements, annual reports, and so on.
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Table 3. The distribution of the total amount of R&D, year by year

Year Manufacturing R&D Electronics R&D Non-Electronics R&D
(NTS$ million) (NTS$ million) (NTS$ million)
1990 7676 5681 (74.01) 1995 (25.99)
1991 9957 7299 (73.31) 2658 (26.69)
1992 10493 8833 (84.18) 1660 (15.82)
1993 14434 11339 (78.56) 3095 (21.44)
1994 18543 14699 (79.27) 3844 (20.73)
1995 23812 19632 (82.45) 4180 (17.55)
1996 27322 23082 (84.48) 4240 (15.52)
1997 34555 29496 (85.36) 5059 (14.64)
1998 33297 28416 (85.34) 4881 (14.66)
1999 37409 32324 (86.41) 5085 (13.59)
2000 52070 46981 (90.23) 5089 9.77)
2001 63323 58080 (91.72) 5243 (8.28)
2002 65399 59771 (91.39) 5628 (8.61)
2003 65980 60121 (91.12) 5859 (8.88)

Note: the figures in parentheses are R&D percentage.

firms and other manufacturing firms, to depict the dynamics of R&D productivity for
each group'3.

4. Empirical results

Table 4 lists a series of estimates for the fixed effect negative binomial model using
maximum likelihood methods. Column (1) includes only R&D as the explanatory vari-
able and it serves as the baseline model. Column (1) shows that the estimated patent-
R&D elasticity is 0.119, which is lower than estimates for the United States and OECD
countries; for example, 0.90-0.98 for the U.S. manufacturing firms (Hall, Ziedonis
2001) and 0.90 for German firms (Licht, Zoz 1998). When other firm-specific char-
acteristics are added into the model, as the estimates in column (2) show, the model’s
explanatory power improves with a substantial increase in the likelihood value. The
coefficient for R&D is significantly positive at a conventionally statistical level, whereas
the magnitude of the elasticity decreases from 0.119 to 0.071, which may arise from the
importance of other determinants in influencing the patenting of firms.

13 Following the definition of OECD, this study uses the mean of industrial R&D intensity to
classify industries into ‘high-technology’ or ‘knowledge intensive’ industries. According to
the definition, electronic firms or pharmaceuticals firms are classified as knowledge intensive
firms. However, Taiwanese pharmaceutical firms normally produce generic drugs rather
than patent drugs. Therefore, we only treat electronics industry as knowledge intensive
industry and compare electronics industry with other manufacturing industries.
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Table 4. Taiwan’s R&D productivity (FE negative binomial regression) 1991-2003

Variable (1) ©) 3) )
InRD 0.119%%* 0.071%%x 0.027 0.011
(0.016) (0.017) (0.018) (0.021)
InSIZE 0.162%%* 0.134%%*
(0.051) (0.048)
InPCAP 0.277%%* 0.027
(0.044) (0.050)
ADVR 0.006%** 0.006%**
(0.001) (0.001)
Profit 0.003** 0.003%**
(0.001) (0.002)
92*#InRD 0.022 0.015
(0.014) (0.016)
93*InRD 0.012 0.003
(0.014) (0.016)
94*InRD 0.025* 0.016
(0.013) (0.015)
95%InRD 0.019 0.009
(0.013) (0.016)
96*InRD 0.057%%+ 0.044%%%
(0.012) (0.015)
97*InRD 0.047%%% 0.033%*
(0.013) (0.015)
98*InRD 0.062%** 0.048%**
(0.013) (0.016)
99*InRD 0058+ 0.046%**
(0.013) (0.016)
00*InRD 0.068%** 0.052%%+
(0.012) (0.016)
01*InRD 0.136%** 0.125%**
(0.011) (0.014)
02*InRD 0.13 1%+ 0122+
(0.011) (0.015)
03*InRD (0.153)%%* 0.146%*+
(0.011) (0.014)
Log-likelihood -3284.798 ~3041.298 ~3098.004 ~2890.203
Number of Obs. 3,136 3,136 3,136 3,136

Notes: The numbers in parentheses are standard errors. ***, ** ‘and * represent the 1%, 5%, and 10%

significant levels, respectively.
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The estimated coefficient of SIZE is significantly positive at the 1% statistical level,
supporting Schumpeter’s hypothesis that large firms have the wherewithal to exploit
innovations. The coefficient of capital intensity is positive and statistically significant
at the 1% level. As expected, advertisement intensity exhibits a positive impact on the
patenting of firms, implying that the toughness of competition within an industry can
stimulate more innovation. The coefficient for a firm’s profitability is significantly posi-
tive, indicating that the availability of internal financial resources is essential for their
innovative activities.

Columns (3) and (4) are estimates obtained by including a series of interaction terms
between R&D and the year dummy. Controlling for R&D expenditure and other firm-
specific determinants, the coefficients of interaction terms are used to denote changes
in the level of R&D output that are common to all firms. In other words, controlling for
R&D expenditure and other firm-specific determinants indicates how innovative output
is changing, on average, after controlling for inputs and other influences. Figure 2 shows
the estimates for these interaction terms between R&D and the year dummies listed in
columns (3) and (4).

The two sets of plots for the coefficients on interaction terms appear as distinct patterns,
suggesting that firms’ R&D productivity fluctuated and increased slightly before 1995,
though it increased sharply in 1996 and exhibited a plateau during the mid-to-late 1990s.
Why did the patenting productivity of Taiwanese firms surge forward in 1996? Before
the early-1990s, the concept of the importance of intellectual property rights (IPRs)
was weak for Taiwanese firms and their patenting behaviors were based on defensive
reasons, such as avoiding IPR litigation and requests for royalty-bearing licenses from
large international enterprises. As Taiwan’s technological capability has gradually as-
cended, the innovation behaviors of Taiwanese firms have become more aggressive,
with an aim at expanding international markets and defending against patent infringe-
ments. Taiwan’s 1994 patent reform might also be an alternative cause that stimulated
additional innovative outputs (Yang 2008).

The main concern of this study is whether Taiwan’s declining economic growth that
has continued since the late 1990s can be plausibly attributed to the decline of firms’
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Fig. 2. Trend of firms’ R&D productivity in Taiwan, 1991-2003
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R&D productivity. Surprisingly, after the Asian financial crisis, R&D productivity dem-
onstrated an accelerated increase that achieved an average growth rate of 22.70% annu-
ally during 1998-2003. Considering that there was no substantial change on the patent
issue rate for domestic innovators from the early 1990s to the early 2000s!4, the results
above suggest that Taiwan’s innovative productivity is increasing rather than declining.
Thus, the poor performance of Taiwan’s economic growth in recent years cannot be
attributed to the decline in R&D productivity. Alternatively, the level of performance
might be caused by the large amounts of outward foreign direct investments that have
replaced domestic investments, international economic shocks, and Taiwan’s ruling po-
litical party turnover in 2000.

Because Taiwan’s manufacturing structure has become composed mainly of knowledge-
intensive industries (e.g., information and community technology industries) since the
early 1990s, examining the potential differences in the dynamics of R&D productivity
among industries is necessary. Does the continuing rise in R&D productivity since the
mid-1990s occur in all firms or only in high-tech firms? This study further classified firms
into electronics firms and other manufacturing firms and then implemented similar econo-
metric techniques used in obtaining column 4 of Table 4, to obtain the interaction terms
between R&D and the year dummy for electronics firms and other firms, respectively.

Figure 3 depicts the dynamics of R&D productivity for both electronics firms and other
manufacturing firms. The time trend of R&D productivity for electronics firms is quite
similar to that of all firms (Figure 2), in that R&D productivity grew sharply in 1996 and
continued to grow slightly throughout the late-1990s. Specifically, R&D productivity had
been highly enhanced among electronics firms since the early 2000s. Compared to all
firms, the performance in R&D productivity for electronics firms is impressive, implying
that the electronics industry has been the major driving force of growth through the 1990s
and onward. By contrast, there is a slight but not insignificant decline in R&D productiv-
ity for manufacturing firms outside the electronics industry before 2000. That is, con-
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Fig. 3. Dynamics of R&D productivity: electronics vs other manufacturing firms

14 The average patent granted rate was 0.57 over the 1990-2003 period. For the average patent granted
rate over individual years, please refer to http://www.tipo.gov.tw
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trolling for innovative inputs and firm characteristics, non-high-tech firms experienced
a constant R&D productivity during the 1990s, on average. However, it is encouraging
to see an increase in R&D productivity for non-high-tech firms since the early 2000s.

As shown in Figures 2 and 3, the R&D productivity of both electronics firms and other
manufacturing firms has increased substantially since the early 2000s, outperforming
that in the 1990s. Therefore, microeconometric analysis does not support the suspicion
that Taiwan’s R&D productivity has declined. Moreover, evidence from aggregate pat-
ents and R&D statistics, as shown in Table 1 and Figure 2, also suggests that there is
no slowdown in Taiwan’s innovations over the 1990s and early 2000s. Therefore, the
decline in economic growth must be caused by other influences rather than a slowdown
in R&D productivity.

5. An alternative investigation

One may argue that firms undertaking R&D to develop new products or processes,
thereby aiming to increase profits, are mainly brought on by sales rather than patent-
ing. Patents can serve as an effective output indicator of innovation, though it is widely
recognized that many firms keep their innovations secret rather than apply for patenting
(Cohen et al. 2000). Therefore, this study adopted an alternative approach to assess the
R&D productivity of firms by estimating the output elasticity of R&D.

To measure the contribution of R&D spending to output, the empirical specification
follows the standard approach in analyzing the contribution of R&D to productivity
that has been widely adopted in previous studies (e.g., Griliches, Mairesse 1984; Hall,
Mairesse 1995). A firm’s production function can be approximated by using an aug-
mented Cobb-Douglas function as follows:

Y, =eMCe Ll M} RDY ek, (5)

1

where Y is the output that is measured by using a firm’s sale, C is the capital that is
measured according to the value of fixed capital, L is the labor input (number of em-
ployees), and M is the intermediate inputs measured according to the sum of immediate
materials (i.e., energy and power expenditures). Finally, RD represents a firm’s R&D
spending. The subscripts i and ¢ refer to firm i and year ¢, respectively, whereas A is
the rate of disembodied exogenous technical change. To implement the estimation of
the Cobb-Douglas function, we adopted logarithms and obtained the linear regression
equation shown below:

InY, =X, +alnC;, +BInL;, +yInM, +dInRD;, +¢;, (6)
where ¢ is a multiplicative disturbance, and a., B, v, and especially ¢, are the parameters

of interest.

On exploring the time trend of the overall effectiveness of the R&D productivity of
firms, two strategies were employed in this study. First, this research estimated Equation
(6) systematically by year to obtain the elasticity of R&D productivity (¢) for various
years and then plotted their time trend. Second, we adopted a coefficient-equality test

149



C.-H. Yang, C.-H. Huang. Is Taiwan's R&D productivity in decline? A microeconometric analysis

to examine the possible difference in R&D productivity over particular years. That is, a
series of interaction terms between R&D expenditure and the year dummy are included
in Equation (6) to demonstrate the dynamics of productivity. For the purpose of simpli-

fication, a regression model is specified as'>:
InY, =\, +alnC; +BInL, +yInM;, + $InRD;, + ™
&, InRD;, x Year Dummy +¢;,.

Table 5 summarizes the estimates for R&D productivity systematically by year, based
on Equation (6). Column 4 of Table 5 shows that most coefficients for the R&D variable

Table 5. Taiwan’s R&D productivity, year by year

Variable

v InC InL InM InRD R?

ecar

1990 0.138%#%* 0.293 %% 0.52 %% 0.008 0.883
(0.034) (0.047) (0.051) (0.005)

1991 0.198%#%* 0.255%#% 0.472%%* 0.012%* 0.886
(0.043) (0.034) (0.053) (0.005)

1992 0.150%#%* 0.304%** 0.450%** 0.007 0.844
(0.060) (0.047) (0.056) (0.007)

1993 0.194%#% 0.278%** 0.456%%* 0.010* 0.863
(0.044) (0.039) (0.050) (0.006)

1994 0.200%%* 0.312%%* 0.355%%* 0.013%* 0.789
(0.045) (0.053) (0.093) (0.006)

1995 (0.199%* 0.3 14%%* 0.434 %% 0.013* 0.834
(0.049) (0.046) (0.050) (0.007)

1996 0.155%%* 0.364%%%* 0.439%%%* 0.012%* 0.840
(0.068) (0.055) (0.062) (0.00)

1997 0.137%* 0.388%#%* 0.366%** 0.012% 0.797
(0.061) (0.051) (0.062) (0.006)

1998 0.187%#%* 0.590%#* 0.076 0.016 0.651
(0.065) (0.156) (0.154) (0.011)

1999 0.23 %% 0.523%** .0880 0.030%** 0.657
(0.072) (0.149) (0.154) (0.011)

2000 0.199%#%* 0.539%** 0.084 0.029%* 0.637
(0.074) (0.148) (0.143) (0.014)

2001 0.180%* 0.599%#* 0.069 0.027* 0.665
(0.058) (0.135) (0.095) (0.014)

2002 0.180%* 0.630%%* 0.057 0.030% 0.660
(0.079) (0.127) (0.058) (0.016)

2003 (0.233 %k 0.625%#* 0.031 0.032%* 0.648
(0.086) (0.100) (0.049) (0.014)

Notes: The numbers in parentheses are heteroscedastic-consistent standard errors. *** ** and *
represent the 1%, 5%, and 10% significant levels, respectively.

15 We employ the fixed effect panel data model to estimate equations (6) and (7).
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are significantly positive, implying that firms devoting more R&D efforts demonstrated
higher performance in productivity. More importantly, the magnitude of R&D elastic-
ity seems to have increased gradually over time and remained at approximately 0.01
through the early 1990s and increased to 0.016 through the late 1990s. In 1999, R&D
productivity increased sharply to 0.030 and has continued to grow thus far.

Figure 4 depicts the time trend of R&D elasticity during 1991-2003, showing an obvi-
ously similar trend to that in Figure 3. Overall R&D productivity exhibits an ascending
trend, which can be roughly separated into three stages: R&D productivity stagnated
before 1994, increased slightly from the mid-1990s to the late-1990s, and then reached a
plateau in 2000 and grew little thereafter. One point worth emphasizing is that Taiwan’s
R&D productivity is ascending rather than descending. Therefore, we cannot argue that
the poor post-financial crisis performance on economic growth in Taiwan is caused by
a decline in R&D productivity.

The dynamics of R&D productivity obtained by estimating Equation (7), using the fixed
effect of the panel data model, are displayed in Figure 5.

0.035

—&— R&D elasticity

0
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

Fig. 4. Trend in elasticity of R&D productivity

0
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

Fig. 5. The year differences on R&D elasticity
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Figure 5 reveals a clearer picture of R&D productivity increasing more stably during
the study period, suggesting that Taiwan’s R&D productivity continues to rise. Splitting
the sample into electronics and non-electronics firms and implementing the estimation
technique used to obtain the findings shown in Figure 5, we plotted the dynamics of
R&D productivity for both electronics firms and other manufacturing firms in Figure 6.
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Fig. 6. Year differences in R&D elasticity: electronics vs other manufacturing firms

The picture depicts a clear trend that both electronics firms and other manufacturing
firms experienced a similar and increasing trend in R&D productivity, though there
is a significant difference in R&D productivity between electronics firms and other
manufacturing firms. The increase in R&D productivity for electronics firms is striking,
whereas the performance of non-electronics firms is much less impressive because their
R&D productivity grows at an extremely limited rate. Despite this difference in R&D
productivity among industries, it is evident that no slowdown in R&D productivity ex-
ists for Taiwanese firms.

Based on these various analyses, we confirmed that the R&D productivity of Taiwanese
firms continued increasing during the post-crisis period, suggesting that the decreasing
R&D productivity experienced by some advanced countries did not occur in Taiwan.
Moreover, various analyses revealed a trend in R&D productivity that has been ascend-
ing since the early 2000s. However, the continual increase in R&D productivity for
manufacturing firms has not stimulated higher economic growth in Taiwan. Therefore,
the question of what causes the slowdown of economic growth in Taiwan is worth
exploring further.

6. Conclusion

The story of Taiwan’s post-war economic miracle is widely recognized among econo-
mists. The extraordinary post-war growth might be principally attributed to factors that
accumulated before the 1990s, and tremendous technological progress has also signifi-
cantly contributed to economic growth in the past two decades. After the Asian Finan-
cial Crisis, Taiwan’s growth performance became substantially less impressive, relative
to its East Asian counterparts.
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Considering the importance of innovation to economic growth, the question remains:
Is the decline in economic growth caused by a decline in R&D productivity? This
study posed this question and answered it by conducting microeconometric analysis. By
employing alternative approaches to measuring R&D productivity in obtaining robust
results, empirical results show that the overall R&D productivity growth had stagnated
very little in the early 1990s, whereas the R&D productivity of firms increased sharply
from the mid-1990s and continued growing thereafter. Further investigation conducted
by splitting the sample into electronics firms and other manufacturing firms yielded
strong evidence that electronics firms have significantly higher performance in R&D
productivity relative to their non-electronics counterparts. This finding is consistent
with the view that the electronics industry is more productive and efficient in Taiwan,
enabling it to play a vital role in the global market.

The evidence that Taiwan’s R&D productivity is still ascending rather than descending
suggests that the decline in R&D productivity has not yet occurred, as it has in some
advanced countries. Therefore, the decline in Taiwan’s post-crisis economic growth can-
not be ascribed to the decline in R&D productivity. Some economists have argued that a
large amount of outward FDI to China (which has caused the instability of this island’s
political environment), as well as international economic influences, might be the main
causes of Taiwan’s reduced economic growth in recent years. These arguments must be
examined carefully; however, one point that can be confirmed is that the performance
of low economic growth is not caused by the decreasing return to R&D.

This study also provides two important implications for technology policy. First, meas-
ures such as tax incentives, financial assistance, R&D grants, and other actions have
been used by the government to promote R&D spending over the past two decades.
Whether the government is effective in promoting the innovative capability of firms
should be thoroughly evaluated. If the measures are effective, then the government can
continue using these measures. Second, firms have effectively recognized the impor-
tance of innovation and have attempted to increase the efficiency of their R&D opera-
tions. In the absence of strong domestic institutions whose research capability is at the
forefront of global technology, one plausible and key strategy for promoting the tech-
nological capability of firms is to emulate Japanese and U.S. technological networks,
because they are the two vital, long-term sources of imported technology.
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