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Abstract

This paper investigates the effect of tax incentives on R&D activities in Taiwanese
manufacturing firms. The propensity score matching (PSM) estimates show that recipients
of R&D tax credits appear on average to have 53.80 % higher R& D expenditures than that
they do without receiving tax credits, while there is no significantly higher growth rate of
R&D expenditure. This study further employs the pane instrumenta variable (IV) and
generalized method of moment (GMM) techniques to control for endogeneity of R&D tax
credits and firm heterogeneity in determining R&D expenditure. The R&D tax credit is
witnessed to exhibit asignificantly positive influence on R&D expenditure and its growth,
especidly for eectronics firms. The margina effect is moderate, ranging from 0.094 to
0.120. Specificaly, the R&D €easticity concerning tax credits tends to increase gradudly
along with the approaching expiration of R&D tax credits measure, lending a supportive
view on its efficacy.
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1. Introduction

Most empirica studies and endogenous growth theories have highlighted the
importance of innovation to economic growth.! Many countries have also attempted to
create a favorable innovation environment and protective regularity, aming to promote
R&D in firms and consequently to contribute to sustainable economic growth. Essentialy,
R&D is uncertain and both time- and money-consuming. It is aso recognized to possess
public good characteristics, thereby preventing the market from providing sufficient
quantities of R& D from the perspective of socia return. To bridge the gap between private
and socid rate of return and foster industria R& D activity, various policy measures have
been launched. Specifically, the R&D tax credit has become increasingly popular in
developed countries, such as the U.S., Canada, and some OECD countries since the early
1980s*

Taiwan, one of the best performers among latecomers, has been very successful in
narrowing the technological gap during the past two decades with its counterparts among
leading countries, especidly in the eectronics industry. Her R&D/GDP ratio, a Ssmple
measure of a knowledge-intensive economy, rose from 1.62 % in 1990 to 2.78 % in 2008
gradudly, which was allittle higher than corresponding ratios of 2.77 % and 2.64 % in the
U.S. and Germany in 20083 As for R&D output, Taiwan has recorded extremely fast
growth both domestically and in the U.S. Taiwan not only placed 4™ in the world in terms
of the quantity of its U.S. patents since 2003, but aso ranked high in terms of patents per
capita, compared with G7 countries and the other “Asian Tigers” (Trgtenberg, 2001). This
achievement is rare in the developing world and is almost nonexistent within or outside of

Asa

! See Acemoglu et al. (2006) for a comprehensive survey on the theoretical and empirical literature of the
innovation-economic growth nexus.

2 For asurvey on the tax trestment of R&D around the world, please refer to Table 1in Hall and Van Reenen
(2000).

® The R&D expenditures atrributable to the business enterprise sector accounted for 70.68 % of the total in
2008. Moreover, Tawan’s R& D/GDP ratio increased to 2.94% in 2009.

1



During the technologica development process, the Statute for Upgrading Industries
(SUI) that applies tax incentives, subsidies, and supporting measures to assist innovative
activity is one of Tawan’s key industrid technology policies (Lien et al. 2007). However,
economists have been generdly skepticad regarding the efficacy of tax incentives.
Expiration of the R& D tax credit of the SUI at the end of 2009 raises a legitimate concern:
has the R&D-preferential policy induced greater R&D expenditures and a higher R&D
growth rate in Taiwanese firms? From the perspective of public finance, the erosion of the
tax base attributed to R& D incentives is possibly one cause of the fiscal shortage. Whether
or not limited government resources should be used to encourage R&D depends on the
efficacy of these measures to induce far greater R& D and contribute to sustainable growth.
However, thisimportant issueis not well examined in Taiwan.

High-tech industries are generally more R&D intensive and the primary recipients of
R&D tax credits in the U.S. (Wu, 2008). This situation gpplies to Taiwan, while many
so-caled traditiona industries (typicaly less R&D-intensive) voice criticism that R&D
tax credits work more favorably for high-tech firms. Innovative behavior strongly relates
to the technologica environment surrounding the location of a firm. A relatively fertile
technological environment induces firms to devote more R&D efforts, whereas the
appearance of innovation is relatively rare in an infertile technologica environment. This
implies significant variations in innovative activity patterns between high-tech firms and
their non-high-tech counterparts. To enforce a more effective policy of granting R&D tax
credits, one possible improvement is to establish various tax credits across industries. This
leads to another essentid and prominent issue. does R&D-inducement effect differ
between high-tech and other industries in Taiwan? Assessing the potential differences in
R& D-inducement effects of R& D tax credits across industries can provide useful insights
for legidation of new R&D policies.

At least two difficulties arise when using firm-level datato evauate the effectiveness of



an R&D tax credit within a country. Firstly, due to their different tax postions and
expectations on future R& D spending, the variation between firms in credit effectiveness
is highly endogenous (Bloom et al. 2002). Secondly, as indicated in Hall and Van Reenen
(2000), there are many ways in which the R& D tax credit gives rise to heterogeneity, and
often perverse incentives are a key feature in the debate on the desirability of R&D tax
credits. Because the recipients of tax credits may differ in some firm characteristics from
non-recipients (Czarnitzki et al. 2011), it is important to correct both selection bias and
firm heterogeneity across recipients. This study thus adopts the non-parametric propensity
score matching (PSM) method developed by Heckman et al. (1997, 1998) to correct
possible selection bias. While the PSM approach dedls with the selection bias problem to
differentiate the trestment effect of R&D tax credit, it does not deal well with the second
difficulty of unobservable firm heterogeneity. Fortunately, our dataset contains detailed
information concerning the amount of R&D business tax deduction and firm
characterigtics, thus enabling us to adopt the pane instrumenta variable (1V) and
generalized method of moment (GMM) techniques to ded with both problems of
endogeneity and firm heteroskedasticity.

This paper evauates the effect of tax credits for R&D and its growth in Taiwanese
manufacturing firms, to contribute to the empirica literature in the following ways. First,
the question of how and to what extent tax credits stimulate industrial R&D has attracted
widespread international attention among economists, with only limited empirical studies
focused on developed countries such as the U.S,, Canada, and France. However, tax
incentive policies are worthwhile considerations in not only developed economies, but
aso for newly industridized and developing countries (NIES). Taiwan has successfully
achieved substantiad technological development over the past two decades, and its
outstanding performance in terms of innovation makes it an excdlent case for

investigating the tax incentives issue. Our firm-level evidence from Tawan can



complement the existing literature that focuses only on advanced countries. Second, we
further separate samples into e ectronics and non e ectronics firms to examine whether and
to what degree potentiad differences exist in effectiveness of R&D tax credit. This
investigation can provide useful insights into ways to further revise R&D tax credits,
because a uniform tax credit system for al industries is widely criticized as inappropriate.
Third, this study employs the PSM method to correct the selection bias problem to
differentiate the treatment effect of R&D tax credit. This enables us to compare the R&D
activities of R&D tax credit recipients and non-recipients. This study further examines the
margina effect of R&D tax credits on R&D expenditures of firms. In this context, this
research employs the panel 1V and GMM techniques to deal with endogeneity and
unobservable firm heterogeneity, appropriately assessing the effect of R&D tax credits on
the R& D efforts of firms.

The remainder of this paper is organized as follows. The next section provides a brief
review of the literature on R&D tax credits. Section 3 introduces Taiwanese R&D
incentive measures and describes the data used in this study. Section 4 presents the
empirica mode and examines the R& D-inducement effect of an R&D tax credit using the
propendty score matching method. Section 5 presents the findings from a further
investigation into the marginal effect of R&D tax credits on R&D across industries. The

fina section concludes with the main results and their policy implications.

2. Literature Review

Private R&D is widdly thought to be under-invested in terms of the socialy optimal
level, due to the imperfect appropriability of new knowledge (Davis et al., 2000) and
financing gaps induced by asymmetric information (Hall, 2002). Therefore, governments
generaly adopt various policy instruments to foster industriad R&D activity both directly

or indirectly, such as tax incentives, subsidies, establishing government R&D labs, and



investing in higher education.

The two primary policy tools applied by governments to stimulate R&D in firms are
direct subsidies and tax incentives. While direct subsidies (either R&D contracts or R&D
grants) can increase private R& D investment significantly, they may smply substitute for
other R&D investments that performing firms would otherwise have prepared to
undertake, that is, it crowds out firm-financed R&D expenditure and ultimately has no
effect whatsoever on such activities (Wallsten, 2000).* Wu (2005) argued that public
R&D subsidies might negatively affect private R&D investment by reducing upward
pressure on the prices of such R&D inputs as the wages of scientists and engineers.
Alternatively, the tax credit instrument reduces the cost of private R& D and seemsto be a
market-oriented mechanism, because it leaves the choice of how to conduct and pursue
R&D programs to enterprises. Although an R&D tax credit is only one of severd policy
instruments on R&D and is far from a panacea for falure in the R&D market, it has
become a common strategy in many countries compared with direct government subsidies
or directly conducting the R&D program (Klette et al., 2000).°

The increasing prevaence of R&D tax credits has caused wide concern among
economists and policy-makers regarding whether or not and how tax incentives affect
R&D. Since the early 1980s, a growing number of studies have utilized various
methodol ogies to evauate the effect of the tax system on R&D behavior (cost). Hall and
Van Reenen (2000) provided a comprehensive summary of the literature and indicated that
adollar in the form of atax credit for R& D stimulates approximately a dollar of additional
R&D expenditure. Due to an increasingly lenient tax treatment of R&D, they aso argued
the likelihood that countries will increasingly turn toward the tax system and away from

direct grants. Consequent studies using country or state level data have reached smilar

* For studies on direct subsidies related to R&D activities, please see Ozcdlik and Taymaz (2008) for a
comprehensive survey.

® For the advantages and disadvantages of both tax incentives and direct subsidies for R& D, please see K lette
et al. (2000) for adetailed discussion.



findings. Based on nine OECD countries, Bloom et al. (2002) found that tax incentives are
effective in increasing R&D intensity after controlling for permanent country-specific
characteristics, world macro shocks, and other policy influences. A 10 % fal in the cost of
R&D stimulatesa 1l % and 10 % risein the level of R&D in the short and long run. Using
a broader sample of seventeen OECD countries, Guellec and Van Pottelsberghe (2003)
arrived at smilar results, showing that the stimulating effect of tax incentivesis strong in
the short-run, reaching an easticity of 0.5. Wu (2005) employed data from six states
(Arizona, Cdifornia, Colorado, Illinois, Massachusetts, and New Jersey) in the U.S. to
examine the effects of state R&D tax credits on private R&D expenditure within each
state. He showed that the presence of an R&D tax credit results in 75 to 118 more R&D
dollars per capita. This suggests that the establishment of a state R&D tax is effective in
simulating more company R&D expenditures, but it does not address the cost of
implementing such tax credit programs.®

Firm-level evidence on the efficacy of tax incentivesis relatively rare, owing primarily
to data limitations. Utilizing Japanese manufacturing firms over the period 1989-1998,
Koga (2003) found that R&D tax credits mainly stimulate R&D investment in large firms
rather than medium-sized firms. The estimated tax price easticities for large firms and
medium firms are -1.036 and -0.118, respectively. In contrast, the result of a Canadian
case in Baghana and Mohnen (2009) found that the estimated short-run price elasticity of
R&D is-0.142 for smal firms and is not significantly different from zero for large firms.
They reasoned this is partly due to the deadweight loss associated with level-based R& D
tax incentives that is particularly acute for large firms. Paff (2005) examined R&D
expenditures in firms, in response to an R&D tax credit-rate increase in the U.S during

1994-1996 and 1997-1999. Empirical estimates obtained from the difference-in-difference

® Wu (2008) further examined the effects of state R& D tax credits on growth in the U.S. high-technology
sector. The results show that the initiation of a state R&D tax credit has sgnificant and postive effects on
high-technology establishments per 1,000 of population and high-technology shares of business
establishments. These findings highlight the importance of the role of state R&D tax incentives in
technol ogy-based economic development.



approach provide evidence that firmsincrease R& D expenditure significantly, while R&D
incentives do not appear to have equa incentive effects across industries. Paff (2005)
found much higher tax price easticity than the estimates in the existing literature that are
close to unity. One possible reason is that the examined firms are highly R& D-intensive,
including biopharmaceutical and software firms.

Differing from previous studies that focus on tax price elasticity, Czarnitzki et al. (2011)
used a non-parametric matching approach to compare the R&D expenditure of tax credit
recipients with a hypothetical situation in the absence of R&D credits. The evidence for a
large sample of Canadian manufacturing firms found that R& D tax credits have a positive
effect on R&D decisions of firms to engage in R&D and in improved performance of
firms.

While the measure of R&D tax credit has been implemented for a long period and
thought to effectively stimulate R&D in Taiwan, rare studies examine how tax incentives
affect R&D, using smple statistical tests rather than rigorous econometric techniques. Lan
and Wang (1992) examined the effectiveness of Enactment of Encouragement Investment
rather than Statute for Upgrading Industries (SUI). Based on 124 manufacturing industries
and using OLS to estimate, they suggested that R& D elasticity with respect to R&D tax
credits is 0.166 on average. Yang et al. (2006) reviewed the impacts of the SUI using
aggregate data. However, their anayses provided statistics description on tax credits rather
than the effect of R&D tax credits on the R&D activity of firms. Wang and Chen (1995,
2000) quantified the encouraging effects of the SUI. Using Linear Structural Relation
(LISREL) to andyze the questionnaire sample, they focused on the policy effect on
economic growth and the effect of tax credits on internationa brand image of afirm.

Drawing from the above discussions, limited firm-level studies suggest the need of new
evidence, particularly for evidence from non-OECD countries. Because of the excellent

innovation performance of Taiwan, and implementation of the SUI that expires in 2009,



Talwan provides an interesting case to revidt the efficacy of R&D tax incentives, which
has not been systematically examined. The existing literature does not adequately dedl
with the problems of selection-bias and unobservable firm heterogeneity. Thisinspires the
main purpose and contribution of this study to use PSM, pand IV, and GMM techniques
to systematicaly examine the effect of tax credits for R&D in Tawan, a NIE, to obtain

both treatment and margina effects of R& D tax credits.

3. Talwan R& D Incentives and Data Description
3.1 Taiwan R&D Tax Credits

Over the past three decades, the government of Taiwan has implemented severa
measures to encourage innovative activity in firms and to promote their technologicd
capability. The most well known industriad technology policy is the Satute for Upgrading
Industries (SUI), put into practice on January 1, 1991 for a 20-year tax incentive scheme
to encourage industrid R&D, technological upgrading, and development.” The policy
applies to al manufacturing firms and provides three types of functiona incentives,
including accelerated depreciation, tax credits, and tax-free. This policy aims to improve
firm performance and thus help inindustria development.

The SUI conssts of seven chapters and 72 articles. Severd articles relate to tax
incentives, including accelerated depreciation (Article 5), investment tax credits for R&D,
personnd training, automation and pollution control (Article 6), investment tax credits for
newly-emerging industries, important and strategic industry shareholders (Article 8), and
five-year tax holidays or shareholder investment tax credits for newly-emerging, important,
and dtrategic industries (Article 9).

Article 6 contains the long-standing adopted instrument, R&D tax credit, to encourage

firms to undertake R&D. Under Article 6 regulations in the SUI, afirm may credit 35 %

" Before 1991, Taiwan’s main industrial technology policy was the law entitted the SQatute for the
Encouragement of Investment.



of R&D expenditures and R&D personnel training against the amount of profit-seeking
enterprise income tax payable within the coming five years. Specificaly, if R&D
expenditure of a firm is greater than the average R&D expenditure of the previous two
years, 50 % of the excess amount of R& D expenditure can be credited against the amount
of profit-seeking enterprise income tax payable. Although R&D tax credits can be used
within five years, most Taiwanese firms prefer to use up the tax credits within two to three
years, because R&D behavior is generdly highly persistent in Taiwan (Huang and Yang,
2010), implying that the accumulated tax credits may increase quickly.

Figure 1 depicts trends in aggregate R&D spending and the amounts of R&D tax
credits in Tawan from 1992 onward. The amount of R&D expenditure apparently
increased steadily from NT$112.997 hillion in 1992 to NT$251.579 hillion in 2005. The
amount of R&D tax credits correspondingly increased approximately nine-fold from
NT$1.810 billion in 1992 to NT$15.772 billion in 2005. Compared with the steadily
increasing trend of R&D expenditure, the usage of R&D tax credits overal appeared an
accelerating trend since the late 1990s, suggesting that the R&D tax credit is relatively
relevant to R& D investment. However, the total R& D tax credits dropped significantly in
years 2002 and 2004. This distinct phenomenon is mainly attributed to the low economic
growth in the precious year, leading firms to reduce the application of R&D tax credits. As
a firm can credit 35 % of R&D expenditures against the amount of income tax payable
within five years, it is naturaly that a firm will not apply for R&D tax credit if it
encountered operational loss in the previous year. During the 1992-2005 period, Tawan’s
average economic growth rate was 5.19%, while the growth rate of 2001 and 2003 was as
low as -1.65% and 3.67%, respectively. It is probably the main reason that causes the
sharply declinein thetotal R&D tax creditsin 2002 and 2004.

[Insert Figure 1 approximately here]

While existing literature, such as Koga (2003) and Baghana and Mohnen (2009),



reached inconsistent findings in terms of the relationship between the R& D-inducement

effect of tax incentives and firm size, the R& D tax credit policy tool iswidedly criticized as
only being beneficid to large firms rather than small and medium-sized enterprises (SMES)
in Taiwan.? This is because SMEEs generally do not have formal R&D department and

financid statements audited by accountants, preventing their qualification for applying for

R&D tax credits. The policies of R&D tax credits favor specific industries or firms
devoted to specific events, causing the problem of tax base erosion and destroying fairness
of the tax burden among firms. Taiwan has experienced serious fisca difficulties (the
government debt reached NT$4 trillion in 2007), including pressure from tax shortages.

Article 6 of the SUI accounts for approximately one third of the NT$100 billion shortfal

in totd tax revenue annualy faced by the Taiwan government (Lien e al. 2007).°

Consequently, the question of whether public support encourages firmsto engage in R&D

activity has recently become a crucia and hot issue in Taiwan. This debate is particularly
relevant given that the Satute for Upgrading Industries will expire at the end of 2009 and
anew policy will need to be put in place. How, then, does the policy contained in the SUI

affect innovation behavior of firms? Should the government extend this dtatute or
terminate it as scheduled? These questions are critically important from the perspectives of

both public finance and technology palicy.

Although the discussions regarding the SUI and macroeconomic policy have attracted
widespread interest in Taiwan, no rigorous academic analysis has systematicdly examined
the question of how R&D tax credits affect R& D investment of firms, suggesting the need
for further empirical evidence. Thisfirm-level study attemptsto fill this gap and to provide
new evidence for existing literature focused on developed economies.

3.2 Data Sources

® In practice, SMEs account for approximately 97 % of the Taiwan manufacturing sector in terms of firm
numbers.

° Lien et al. (2007) used the macroeconomic model to examine the economic benefits and costs of tax credits
and proposed some directions for adjusting the tax credit policies drawn from their andyses.
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On examining the potentid effect of tax incentives on R&D activities of firms, one
primary obstacle encountered is the availability of detailed information on firm usage of
R&D tax credits. Due to this limitation, this research utilized a pand dataset of
manufacturing firms listed on the Tawan Stock Exchange (TSE) over the 2001-2005
period. Firms listed on the TSE are large and medium enterprises (LMES) rather than
smal firms. While the dataset comprises only LMES, it can serve as a representative
sample to examine the influence of R&D tax credits on R&D in Taiwan. This is because
LMEs in Tawan undertake most R&D expenditures and applications of R&D tax
credits!® Information on firm characteristics was obtained by matching various data
sources. R&D expenditure and other firm-specific variables, including employment, date
of establishment, fixed capitd stock, and profitability, were acquired from the databank
constructed by the Taiwan Economic Journa (TEJ).™ Business tax and export data
deducted from R& D were taken from the annual financia reports of individua enterprises
in each year. By eliminating afew firms with incomplete datafor al the relevant variables
and excluding firms without R&D expenditure in each year of the sample period, this
work obtained an unbalanced panel data of 576 enterprises, yielding an overal sample of
2,588 observations. This study further separated the full sample into two subgroups. the
electronics industry, representing high-tech industry, and non-electronics firms. While this
classfication seems to be ad hoc, it is acceptable because it coincides with the cutting
point using average industry R&D intensity as the criterion and the ectronics industry as
the key industry in terms of R&D in Taiwan.'? This research therefore obtained 1,375 and

1,213 observations for dectronics and non-dectronics firms. Table 1 summarizes the

19 1n 2005, the ratio of R&D expenditure and R&D tax credits of sample firms to those of dl Taiwanese
firms were 69.83 % and 65.96 %, respectively. The small difference suggests that the sample tends to be a
representative sample.

" The Taiwan Economic Journd is a commercia company that has a fine reputation for collecting and
summarizing information for companies listed on the Taiwan Stock Exchange. The TEJ databank is reliable
and widely adopted by most universities in Taiwan and in financial sector firms. This databank contains
comprehensve information for balance sheets, financial statements, annual reports, and so on.

21n our sample, the mean R&D intensity for &l industries is 2.9 % and only the electronics industry
experiences ahigher R&D intensity of 4.4 %. R&D intengty for the pharmaceutica industry (10 firmsin the
dataset) reaches only 2.4 %, and is therefore classified into a non-high-tech industry. Due to the small scale
compared with internationd pharmaceutical firms, Taiwanese pharmaceutical firms normally produce
generic drugs rather than patent drugs, resulting inlow R&D intensity.
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variable definitions and basic statistics.
[Insert Table 1 approximately here]

Before turning to empirica estimations, this section briefly introduces the features of
R&D tax credits taken up by sample firms. Table 2 shows basic statistics for recipients and
non-recipients of R&D tax credits related to the whole sample, eectronics, and
non-electronics firms. In classifications of all firms and non-electronics firms, both R&D
expenditure and its growth rate tax credit recipients are substantialy higher than that of
non-recipients on average, suggesting that recipients have a better R&D performance than
non-recipients do. The finding aso implies a potentid R& D-enhancing effect for firms
receiving R&D tax credit. However, tax credit recipients of eectronics firms only
experience a higher R&D expenditure rather than average R&D growth rate than their
non-reci pients el ectronics counterparts. The ratio of receiving R&D tax credits, in terms of
firm number, within non-electronics firmsis only 17.48 %, which is much lower than that
of their electronics counterparts of 65.75 %. The figures in Table 2 reved that larger and
younger firms are gpt to receive R&D tax credits. However, firms with high capita
intengity are not inclined to receive R&D tax credits. The degree of capitd intendty is
mainly attributed to the feature of production and is probably less relevant to R& D activity.
For instance, IC design firms are less capita-intensive, but more R& D-intensive, inducing
them to have a higher propensity of applying for R& D tax credits.

[Insert Table 2 approximately here]

The preliminary descriptive analyses show that R& D tax creditstend to positively relate
to R&D activities for Tailwanese manufacturing firms over the 2001-2005 periods because
the recipients of R&D tax credits experienced more R&D expenditures and a higher
growth rate of R&D outlet. However, R&D tax credits are not the main tax credit measure
taken up by firms with high capita intensity. This adso highlights the important effect of

firm heterogeneity on the effect of tax incentives on R&D investment.
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4. Do R&D Tax CreditsInduce MoreR& D?
4.1 Empirical Setting and Estimation Technique

Unlike previous studies, which estimate tax price easticity of R&D, this research
employs the PSM approach to examine the effectiveness of R&D tax creditsin Taiwan to
ask the question: What would the firm have done in the absence of R&D tax credits?
From the econometrics viewpoint, the PSM approach can effectively correct for seection
bias when evauating the R& D-inducement effect of tax credits. Receipt of R&D tax
credits is probably not an exogenous variable, because tax credit recipients may differ in
severd characteristics from non-recipients (Czarnitzki et al., 2011). The effect of R&D tax
credits on R&D is much like a “treatment effect,” in that we attempt to answer the
question as to what a treated firm (a recipient of R&D tax credits) with given
characteristics would have done if it had not been trested. However, treated firms are
typicaly not selected randomly from a population, but are self-selected based on certain
criteria, inducing the comparison of simple averages of a treatment group and a control
group to yield biased estimates of the treatment effect. The propensity score matching
(PSM) method developed by Heckman et al. (1997, 1998) provides an appropriate
approach.

The PSM approach compares treated firms with a selected non-recipient group with

smilar characteristics rather than al non-recipients. In the case of a binary treatment, the

estimation steps are as follows. Firg, the treatment indicator T, equasoneif individua i

receives treatment and zero otherwise. The potential outcomes are then defined as Y, (T,)

for each individud i, wherei =1, .., N and N denotes the tota population. Here, Y and T
denote R&D activity and treatment of a tax credit user. The treatment effect for an

individua i can bewritten as

7, =Y, (D -Y(0) 1)
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Because only one of the potential outcomes is observed for each individua i and the

counterfactual outcome is unobservable, it is impossble to estimate the individua

treatment effect 7, . We can concentrate only on the average treatment effect of treated

(ATT), defined as the difference between expected outcome values with and without
treatment for those who actudly participated in treatment. In the case of R&D activity, this
study examines two dternative outcomes. R&D expenditure and growth of R&D
expenditure. The average trestment effect of thetrested (ATT, 7, ) iSgiven by:
T =E@[T=D=EY@|T=]-EY(O)|T=1 2

One problem obvioudy arises: while the outcome of treated firms (recipients of R&D
tax credits) is observable, the counterfactual mean for those being treated, E[Y (0) [T = 1],
is not observed. What would these firms have realized had they not received treatment?
The above causd inference relies heavily on the construction of counterfactua
observations. Therefore, it needs rich data on firms that have similar observable
characteristics in the initia period, but that did not receive R&D tax credits during the
period. The average R&D activity E[Y (0) [T = 1] is measured by E[Y (0)[T = Q] instead.
Thus, the outcomes of individuals from the trestment and comparison groups would differ
even in the absence of treatment leading to a “selection bias.”

To congtruct a vaid control group to reduce selection bias, Rosenbaum and Rubin
(1983) suggested matching the propensity score with the probability of receiving
trestment that is conditional upon the covariates. Thus, we assume that selection in the

program is governed by the latent regression:

T =6Z+u, T, =1 if T >0, 0 otherwise ©)
Here, disacoefficient and Z is a vector of determinants influencing the decision of afirm
regarding applying for R&D tax credits (treatment). This enables us to compute the

probability of the decision of afirm to adopt R&D tax credits. With the propensity score

of choosing to receive R&D tax credits, we can implement the matching agorithm and
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find the appropriate counterfactua.

Within the matching process, the most important issue is to balance the distribution of
the pre-treatment observable characteristics between the treatment and control groups. To
determine optima matching, this study adopts the popular criterion of kerne matching
suggested by Leuven and Sianesi (2003) to proceed with the estimation.™
4.2 Empirical Results

This study first estimated the Logit model to derive the propensity of a firm’s decision
as to whether or not to apply for R& D tax credits. The second step is to use the predicted
propensity scores to match R&D tax credit recipients with non-recipients that possess
similar observable firm characterigtics. To estimate adequate results in the PSM method,
the most important issue is choosing covariates. When facing the decision of whether or
not to engage in R&D activities, a firm is likely to compare the margind benefit
associated with R&D to margind cost. The tax credit is one type of public funding that
can reduce the costs of R&D. Referring to specification in Czarnitzki et al. (2011), this
work included several variables of firm characteristics that make them particularly
R& D-prone and influence the propensity of applying for R&D tax credits. In practice,
most Tawanese R& D-undertaking firms use up the tax credits within two years. Thus, a
firm engaged in R&D in the past two years has a higher propensty to apply for R&D tax
credits. Therefore, past R&D expenditure (INRD2) is a critica variable in the decision to
apply for R&D tax credits. Other firm characteristics that induce firms to be more
R&D-prone include firm size (INSZE), firm age (AGE), and capital intendity (InKL).
Generdly, larger and more capital-intensive firms tend to be more R& D-intensive, while
the influence of firm age on R&D is uncertain. A firm with higher profitability in the

current year ismore likely to utilize tax credits for tax saving, suggesting that profitability

3 There are two dternative criteria, including nearest-neighbor matching, and caliper matching. For an
extensive discussion of matching methods, see Heckman et al. (1998). We employed cdiper matching to
implement the matching process and reached similar results, while results obtained using nearest-neighbor
matching are dightly different.
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(PROFIT) isaso acritica determinant for the propensity to apply for R&D tax credits. To
control heterogeneity among industries and macroeconomic shocks, industry and time
dummies were aso included in the empirica specification. Table 3 displays the estimation
results for al manufacturing firms, eectronics firms, and non-electronics firms.

[Insert Table 3 approximately here)

Estimates obtained using al sample firms are overal consstent with the expectation
that both past R&D experience and current profitability are postive and significantly
related to the propendty of being a R&D tax recipient. Larger and younger firms tend to
devote more R&D efforts and increase their propensity of applying for R&D tax credits.
However, the determinant effects seem to vary between eectronics and non-electronics
firms. The influences of past R&D activity and profitability on the decision to be aR&D
tax recipient are more relevant to eectronics rather than non-eectronics firms. The
electronics industry is a technologicdly dynamic industry with a fertile innovation
environment, enforcing eectronics firms to persistently engage in R&D. Younger and less
capital-intensive eectronics firms have a higher probability to become R&D tax credit
users. This may be because many younger eectronics firms are IC design firms, which are
more R&D-intensive, but less capitd intensve. Alternatively, age and capitd intensity
revead apostive and significant effect on the propensity to apply for R&D tax credits for
non-electronics firms, as older and more capita-intensive non-eectronics firms are more
likely to engagein R&D in Taiwan.

We next retrieve the propensty scores from the Logit model to match R&D tax credit
recipients with non-recipients under similar observable characteristics. The outcome
variables are the growth of R&D expenditure and a firm’s current R&D expenditure.
Table 4 shows the estimation results for al manufacturing firms, reporting the differences
inthe growth and level of R&D expenditures for recipients and non-recipients of R&D tax

credits.
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[Insert Table 4 approximately here]

Column (1) shows the treatment effect of R&D tax credits on the growth of R&D
investment in firms. After controlling non-random selection of the treatment groups, the
matching results for the difference between the recipients’ outcome with and without the
R&D tax credits suggest that the growth of R&D expenditure is postive but not
satisticaly significant during the first year following the receipt of tax credits. While
recipients of R&D tax credits achieve a 15.6% higher R&D growth than that they do if
thereis no R&D tax credit, but it is not statistically significant. The higher R&D growth
rate is because recipient firms are essentialy more aggressive in undertaking R&D
activity and generally experience a high annua growth rate of R&D expenditure. The
result casts doubt on the effectiveness of policy incentives on the firms’ R&D activity.
From an dternative viewpoint of R&D activity regarding current R& D expenditure, the
matching result shows that the coefficient is poditive and statistically significant at the 1%
level in Column (2). Surprising, recipients of R&D tax credits experience a 53.8% higher
level of R&D expenditure than that they do without SUI, suggesting the existence of a
strong R& D-enhancing effect facilitated by R&D tax credits. A possible reverse causdity
in R&D expenditure and R& D tax credit suggests that firms expensing higher level R&D
may apply R&D tax credit more frequently. The PSM approach does not handle this
endogenous problem well.

Using the same technique as the PSM approach, Czarnitzki et al. (2011) found that
approximately 29% of firmsusing R&D tax credits would not have conducted R&D in the
absence of this program in Canada. While the innovation outputs under discussion differ
from those in Czarnitzki et al. (2011), the findings of this study lend support to the view
that a preferentid R&D policy induces additiond engagement of R&D investment in
Taiwan.

Does R& D-inducement effect differ between dectronics and non-dectronics industries?
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Turning to the separate estimates for eectronics firms and non-éectronics firms, the
corresponding R&D-inducement effect seems to vary substantialy between them.
Specifically, both treatment effects of R&D tax credits on R&D growth and R&D
expenditure are particularly relevant to eectronics firms. The tax credit recipients of
electronics firms experience a 16.9% higher R&D growth than the situation of lacking
R&D tax credit, while the estimated ATT is not significant at the 10% datistical level.
Alternatively, tax credit recipients of non-electronics firms exhibit only a 4.9% higher
R&D growth on average compared to that they do without this treatment. As RD variables
show, the treatment yields posgitive effects in R&D expenditure for eectronics firms,
sgnificant at the 1% gsatigtica level, suggesting a strong R& D-enhancing effect from
R&D tax credits. The difference between the recipients’ R&D expenditure with and
without R&D tax credits in eectronics firms reaches 71.8%, suggesting that this
instrument of R&D tax credit is particularly relevant to eectronics firms. This treatment
effect remains insignificant on inducing more R& D expenditure for non-electronics firms.
Therefore, this work concludes that policy incentives have a postive effect on R&D
activity of firms, particularly for eectronicsfirmsin Taiwan.

Based on previous anadyses, public R&D incentives will not crowd out R&D
investment of firms in Taiwan. Recipients of R&D tax credits, particularly the recipients
of dectronics firms, are witnessed to have a significantly higher R&D expenditure than
their non-recipients counterparts. The effect of R&D tax credits was found to differ across
industries, cons stent with the findings in Paff (2005). One point worth noting is that PSM
does not handle endogenous problem in current level estimation, suggesting the growth
level estimations is worth more emphasizing. Despite the treatment effect of R&D tax
credits are positive, ranging between 4.9% and 16.9%; they are not statistically significant
in dl estimates. In sum, the inducement effect gppears to be growing in importance,

because recipients of R&D tax credit overal experience a much higher level of R&D
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expenditure than that they do without this policy instrument.
3.3 Assessing the Matching Quality

As discussed in subsection 3.1, the basic concept of the PSM approach is that it
constructs the matched control group in the context of matching anadysis. The matching
process relies heavily on the idea of balancing the sample of tax credit participants and
comparable non-participants. Remaining differences in the outcome variables between the
two groups are attributed to the treatment (Heckman et al. 1997). Thus, distribution of the
pre-treatment observable characteristics between the treatment and control groups is the
key factor in determining whether the matching results are reliable. This study therefore
assessed the distribution balance of covariates used in the propensity scores estimation.

Table 5 reports the standard t-tests for the equdity of the mean sample vaues aong
with their p-values. Based on these t-test results, we failed to reject the null hypothesis that
the mean between the treatment and control groups is equa for al variables for the
matching method. This result indicates that the recipients of R&D tax credits and the
matched non-recipients do not significantly differ from each other with regard to the set of
variables used for matching, implying that the treated and the matched control groups on
average have smilar characteristics.

[Insert Table 5 gpproximately here]

The right part of Table 5 reports the standardized bias, the joint significance tests, and
the pseudo-R? within the matching process. The figures represent reduction in the absolute
bias obtained after matching the control and treatment units. The significantly reduced
bias suggests that the matching procedure is effective.* The mean absolute bias in the
matched sampleisonly 2.518, whereasit is 31.714 in the unmatched sample. Based on the
suggested criterion proposed by Sianes (2004), we checked the joint satistica
significance of the covariates and the pseudo-R? of the propensity score in the estimation

procedures for the unmatched and matched samples. As shown in the lower pand of Table

1 For criteria.on the effectiveness of the matching process, please refer to Heckman et al. (1997, 1998).
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5, the pseudo-R? approaches a value close to zero in the propensity score estimation that
uses recipient firms and matched control units. Finaly, the results of the LR-test dso
provide evidence that the matching has successfully eliminated any systematic observable
differences between the treated and control groups. To sum up, the above statistical tests

lend strong support to the validity of the previous matching results.

5. Further Investigation into the Marginal Effect of R& D Tax Credits

The main advantage of the PSM approach isthat it helps reduce sampling selection bias
arising from observable differences between the trestment and control groups, while
suffering the serious drawback that it does not control for the unobservable characteristics
across firms that may exist between recipients and non-recipients of R& D tax credits. One
advantage of our dataset isthat it contains the amounts of R&D tax credits, enabling usto
examine the marginad rather than the treatment effects of R&D tax credits on R&D
activities of firms. Thus, we further include the taxation remit of R&D tax credits and
employ the IV technique based on the panel data mode to examine the margina effect of
tax credits on R& D expenditures of firmsin Taiwan.
5.1 Empirical Specification and Estimation Techniques

To estimate the effect of tax credits on R&D spending of firms, this study refers to
previous studies that discuss the determinants of R&D and then specifies the following
simplelog-linear equation:

INRD,, = B, + B, INRDTAX, + B, InSZE, _, + B,AGE; + S,InKL, _,

4
+ BsPROFIT, , + B INEXP, |, +U, + ¢ )

The dependent variable INRD;; denotes the logarithm of R&D spending of firm i in year t.
Both theoretical and empiricd studies have identified various determinants of explanatory
variables. Because this study examines the margina effect of R&D tax credits on R&D

expenditure of firms, the taxation remit of afirm’s R&D tax credits RDTAX in logarithmic
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form (INRDTAX) isthe primary variable in Equation (4).

The explanatory variables include three firm characteristics and two performance
variables, namdy, firm sze (INSZE), firm age (AGE), capitd intendty (InKL),
profitability (PROFIT), and exports (INEXP). To avoid the potentidly endogenous
problem in explanatory variables, al variables except for firm age enter the equation in the
form of lagged one-year.

The size of afirm is measured by the logarithm of employment. Large firms typically
have obvious advantages in terms of their ability to support R&D. The famous
Schumpeter hypothess indicates that firms wielding monopolistic power (larger firms)
tend to engage in innovation, a hypothesis supported by many empirical studies.’®
Alternatively, Audretsch and Acs (1991) found that small firms tend to outweigh large
firms in terms of innovation performance when operating in a more technology-intensive
environment. As for the potentiad impact of firm age on R&D, there is a potentia
learning-by-doing effect on innovation and incumbent firms have an advantage over their
younger counterparts in terms of R&D management. Alternatively, younger firms are
possibly more R& D-intensive to obtain superior technologica competitiveness. The term
INKL denotes capital intengity of a firm, measured as the logarithm of physicd capita per
employee. A firm with higher capital intengity typicaly engages in more R&D to improve
its production process in Taiwan (Yang et al, 2009). This study observed a postive
associ ation between capitd intengity and R&D.

Previous literature has widdy studied innovation financing. *® Thus, a firm’s
profitability (PROFIT) is aso included to measure the availability of interna financia
resources and is expected to have a postive effect on firm innovation. The trend towards
globaization and the small open economy of Taiwan provides firms more opportunities to

acquire technologica knowledge through knowledge spillovers in international markets

> For example, please see Lerner (1995) and Hall and Ziedonis (2001).
16 Asfor theimportance of financing on firms’ R& D, please see Hall (2002) for acomprehensive survey.
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and to enhance their additiond R&D activity. The exporting decision is probably due to
sdlf-selection that firms with a higher technologica level or productivity select to enter
international markets. We therefore included exports (INEXP) as an explanatory variable.
5.2 Estimation Results

One econometric problem encountered in the estimation procedure is the endogenous
causdlity between R&D tax credits and R&D investment, which is why we previousy
adopted the PSM approach. The Wu-Hausman test was employed to detect the existence
of endogeneity. If no endogeneity was found, we then employed the panel fixed effects
model to ded with unobserved firm heterogeneity. Consequently, when endogeneity is
detected, the generdlized method of moment (GMM) approach provides an aternative
technique. Using an adequate instrumenta variable (1V) to deal with the endogenous
variable, this gpproach provides asymptoticaly efficient estimators as those obtained
usng GMM (Harris, 2005). That is, this gpproach provides asymptotically efficient
edimators, even under the heteroscedagticity across firms and autocorreation of
disturbances within firms over time.

The test results indicate an endogenous causaity between R&D tax credits and firm’s
R&D investment for the entire sample of electronics firms and non-electronics firms.*’
Therefore, we adopted the instrumental variable technique to conduct empirica estimation
for the entire sample and two sub-samples. We adopted the “lagged one-year unused R&D
tax credits (UNTAXC)” asthe insgtrumentd variable for R& D tax credits, asit can capture
the long-run effect of R&D tax credit, say over five years, on R&D expenditure.
Accordingly, we use the Ftest developed by Staiger and Stock (1997) to assess the
effectiveness of the instrumental variable. However, the Statistical test revedls that the

instrumental variable is effective for only the entire sample and subsample of eectronics

" To save space, this study does not show the estimation results of the Wu-Hausman test, but are available
upon request from the authors.
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firms.™®

As the 1V is ineffective for subsample of non-electronics firms, we thus employ the
Ardlano-Bond GMM to implement the estimation, in order to obtain efficient estimates.
As indicted in the bottom of Table 6, dl statistics do not reject the null hypothesis at the
10% satistical level, suggesting there is no over-identifying. Table 6 reports a series of
estimates of the R& D equation specified in Equation (4). The left panel displays estimates
obtained from the IV estimator of panel fixed model, whereas the right panel of Table 6
demonstrates results obtained using the GMM.*

[Insert Table 6 approximately here)

To what extent does the R&D tax credit stimulate private R&D expenditure? We first
looked at the variable of concern in this study: R&D tax credits. In the Panel 1V estimator,
the estimated coefficients for INRDTAX is positive and statistically significant at the 1 %
satisticad level for the whole sample and electronics firms, after controlling for other
potentia influences. This result is consistent with previous findings for the PSM estimates
that R&D tax credits do encourage firmsto increase their R& D investment. The estimated
elasticity of R&D with respect to R&D tax credits is 0.302 for al firms and 0.370 for
electronics firms. While the estimated eagticity of R&D tax credits on R&D expenditure
for non-eectronics firms is much lower and statistically insignificant, this result suggests
that the tax policy is more relevant to R&D expenditures of eectronics firms, consistent
with that for previous PSM estimates.

The GMM estimates in columns (4)-(6) of Table 6 show the same result that R& D tax
credit variable is associated with a significantly postive coefficient for only the whole

sample and dectronics firms. As the GMM approach is firg-difference estimation, the

18 \We have been also adopted tax credit with one-year lag asthe instrument variable. This F-test suggests this
instrument variable is effective for various sample groups. While we reach similar results, it captures only a
short-run effect and will be inadequate when R& D tax credit has a long-term effect on R&D expenditure.
Thanks one anonymous referee pointing out thislimitation of thisinstrumental variable.

¥ The GMM approach is first-difference estimation, while we remain to denote the variable name in the
level formin Table 6.
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associated magnitude, 0.080, in column (4) suggests that a 1% increase in tax credit leads
to 0.08% growth on the R& D expenditure growth. This R&D growth-enhancing effect is
stronger for the eectronics firms, as shown in column (5). Compared with results obtained
using the PSM that neither handle endogeneous problem in current level estimation and
nor control for the unobservable characteristics across firms, the GMM estimates suggest
that R&D tax credit overal exhibit a significant influence on R&D growth, especidly for
eectronicsfirms.

Despite that the estimated eagticity of R&D with respect to R&D tax credits is
consderable in columns (1) and (2), it is more crucid to evaluate the margina effect of
R&D expenditure effectuated by the R&D tax credit. That is, “to what extent do tax
creditsinduce firms’ R&D investment?’ Using the estimated el asticity and mean values of
both R& D expenditure and R&D tax credits to implement the calculation, we found that a
one dollar taxation remit of R&D tax credit induces 0.094 dollars more of R&D
expenditure for the entire sample, on average. Because the R&D expenditure of
electronics firmsis more sensitive to the R&D tax credit, the calculated margina effect of
R&D tax credits reaches a higher effect of 0.120, suggesting the corresponding shares of
induced R& D spending range from 9.4% to 12.0%. The R&D preferential policy of atax
credit has indeed induced additiona R&D investment undertaken by firms in Taiwan,
while the R& D-enhancing effect is much lower compared with experiences in developed
countries surveyed by Hal and Van Reenen (2000). This casts the susceptive view
regarding the effectiveness of R& D tax credit policy from the view of public finance.

Regarding the influences of other observed characteristics, few variables are associated
with a ggnificant coefficient, as the influentiad effect is primarily dominated by the
one-year lagged R&D expenditure. We then focus on discussing the results of pand 1V
estimates. The pogtive effect of firm size on R&D expenditure supports the Schumpeter

hypothesis that large firms (with market power) are more inclined to have the wherewithal
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to exploit innovations. Younger eectronics firms tend to appear a higher R&D growth, as
the coefficient of firm size is significantly negative in column (5). While capita intensity
is not a crucid factor of innovation propensity overdl, it is interestingly to show a
sgnificantly positive and negative for electronics and non-electronics firms, respectively.
Profitability is significantly associated with a positive coefficient for only non-electronics
firms, verifying the importance of internd finance on R&D activity. However, profitability
does not seem to be a key factor of R&D expenditure in the eectronics industry. The
possible interpretation is that R&D activity seems to become a necessary input in the
technologicaly dynamic industry. The coefficients of exports are positive and significant
a the 1 % satigtica level in columns (1) and (2), lending support to the importance of
internationa linkagesin domestic R&D activity.
5.3 Evaluation of Potential Policy Reform

The R&D tax credit of the SUI is planned to terminate at the end of 2009; therefore,
whether Taiwan should continue to encourage R&D activity in firms by legaizing a new
policy measure of R&D tax credit arises as a public concern in Tawan. Facing the
uncertainty of new R&D policy, do firms change their R& D behavior to respond to R&D
tax credit along with the approaching SUI expiration? This unique and interesting anaysis
can provide insghtful policy implications not previoudy investigated in the literature.
Because the SUI dlows R&D engaging firms to use up tax credits within five years, this
study further employs the OLS to estimate Equation (4) for sub-samples of various time
spans, in order to obtain R&D dadticity with respect to R&D tax credits. Table 7 displays
aseries of estimates.

[Insert Table 7 approximately here]
The year-by-year estimates on dadticity of R&D with respect to R&D tax range

between 0.116 and 0.141 and exhibit a dightly increasing trend during the 2002-2005
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period.®® As for estimates using various time periods, the estimated elasticity of R&D
with respect to R&D tax credits remains similar, hovering between 0.119 and 0.135.
Specifically, estimates obtained base on time span of two-year and three-year suggest an
increasing eadticity. It implies that firm attitude toward R&D tax credit becomes more
aggressive aong with the approaching expiration of SUI. This finding is reasonable that
firms tend to appropriate the benefits of tax credits before this SUI expires, as whether the
following statue can being legidated is uncertain. On the other hand, this finding seemsto
lend a supportive view on the efficacy of policy measure.

To summarize, the above andyses provide strong evidence of the postive effect of
R&D tax credits on private R& D. Because the way in which R&D easticity is calculated
differs from that in Bloom et al. (2003), we cannot directly compare the effect of tax
incentives on the level of R&D expenditure in Taiwan with that in OECD countries.
However, the estimated margina R& D-inducement effect catayzed by tax incentives is
low after considering endogeneity and firm heterogeneity. This result suggests that the
government should carefully evauate an R&D encouragement policy, if they plan to

continue to encourage and promote private R& D using this policy tool.

6. Concluding Remarksand Policy I mplications

Although the effectiveness of fisca incentives for private R&D has attracted
widespread interest in many developed countries, it has received much less attention in
newly industrialized economies (NIEs) and developing countries. Taiwan has been one of
the most successful NIEs in the world in innovative performance over the past two
decades, particularly in the technologica field of eectronics. One possible reason is that
the government has adopted long-standing tax incentives to foster private R&D.

Economists have traditionally been skeptical of the efficacy of any fiscal provisions. Isthe

% As the explanatory variables enter equation (4) in the form of lagged one-year, it causes the loss of one
year data. Thus, the year-by-year estimations contain only four years.
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R&D tax credit really an effective mechanism for encouraging firms to invest more in
R&D? This issue is particularly important to Taiwan, because the tax credit policy that
forms part of the SUI will expire at the end of 2009. The government must decide in the
near future whether to extend the tax credit policy or changeit in part, if not completely.

This paper evauates the effect of tax credits on R&D activity in Taiwan that differs
from previous studies focused on estimating tax price easticity of R&D based on R&D
cost. Wefirst adopt the propensity score matching method to simulate the scenario of how
the treatment of R&D tax credits affects R& D activity of firms. The PSM approach helps
to correct the selection bias that previous studies inadequately address. Secondly, to
control for unobservable firm heterogeneity between treated and control groups which
may affect R&D activity, this study employs both techniques of pand instrumental
variable and GMM to estimate the influences of tax credits on R&D expenditure and its
growth.

Using a panel dataset of 576 enterprises listed on the Taiwan Stock Exchange over the
2000-2005 period, our empirical findings are summarized as follows. Firgt, the PSM
estimate shows that R&D tax credits induce a higher (53.8%) R&D expenditure, on
average. This suggests that there is no crowding-out effect of public R&D support on
private R& D, whereas there is a positive effect of R&D tax credits on private R&D. On
the other hand, the growth level estimation of PSM demonstrates also a positive influence
of tax credits on R&D expenditure growth, while this enhancing effect is not satistically
sgnificant. Secondly, the R&D-inducement effect of tax credits was found to differ
between e ectronics and non-eectronics firms. Specificaly, this treatment effect is much
stronger for eectronics firms such that the recipients of R&D tax credit experience a
higher (16.9%) growth of R&D investment and a higher (71.8%) R&D expenditure than
those they do lacking this policy instrument. Alternatively, we do not find significant

trestment effects on R&D expenditure and growth brought about by the R&D tax credit
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for non-electronics recipients. Third, estimates obtained using 1V technique involving the
panel data mode show that the easticity of R&D with respect to the taxation remit is
0.302 on average. The induced R&D expenditure effectuated by tax credits accounts for
9.4% to 12.0% of R&D for the sample firms. Moreover, estimates obtained usng GMM
lend the samilar finding that tax credits do have a R&D growth-enhancing effect,
particularly for electronics firms. This suggests that tax credits have a moderate effect on
private R&D in Taiwan. Findly, the R&D easticity of tax credit tends to increase dightly
aong with the approaching expiration of SUI. It suggests that firms prefer to appropriate
the benefit of policy measure and lends supportive evidence on the effectiveness of R&D
tax credits.

Based on the above anadyses, this study derives severd policy implications. Firdt, asthis
study overdl finds asignificantly positive R& D-inducement effect of R& D tax credits, the
R&D preferentid policy is deemed an effective policy tool for fostering private R&D
activity, thereby supporting previous aggregate evidence. Secondly, as the margina
R&D-inducement effect facilitated by tax credit is relatively limited, whether this policy
tool continues to be implemented after the SUI expires is worth careful evauation, as the
problem of fisca deficit has seriously worsened in Taiwan in recent years®* Third,
because the effect of R&D tax credits differs between eectronics and non-electronics
firms, the government should devise ways to adjust the taxation reduction rate for R&D
investment across industries. Findly, due to the limitation of usng LMES, this study
cannot examine the criticism that SMEs have difficulty qualifying for tax credit. Thisissue

isworth further investigation.
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Figurel R&D Expenditure and R&D Tax Credits, 1992-2005
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Data Source: Indicators of Science and Technology, Taiwan, various issues. Yearbook of
Tax Statistics, Tawan, variousissues. All figures are real value using 2001 as the base.



Table1l Variable Definitions and Basic Statistics 2001-2005

Variables Definition All Firms Electronics Non-Electronics
G RD Growth rate of R& D expenditure (%) 9.820 24.597 -6.701
(165.699) (151.230) (179.212)
RD R&D expenditure (NT$ million) 250.760 408.863 71.542
(840.635) (1112.915) (209.137)
RD2 Lagged two-year R& D expenditure (NT$ million) 200.198 305.269 73.221
(703.770) (916.436) (223.127)
RDTAX R&D tax credits (NT$ million) 87.357 133.377 18.502
(572.610) (726.193) (147.542)
RDTAX1 Lagged one-year R& D tax credits (NT$ million) 76.464 115.238 18.390
(529.093) (668.731) (154.988)
UNTAXC Lagged one-year unused R& D tax credits 314.510 496.325 98.006
(1928.887) (2501.479) (785.516)
D_RDTAX Dummy variable 0.431 0.657 0.175
A firm with R&D tax credits =1 (0.495) (0.475) (0.380)
SIZE Firm Size: number of employees 1043.856 1171.201 899.504
(2083.331) (2472.033) (1515.667)
AGE Firm Age: surveyed year minus the starting year 23.593 17.686 33.013
(12.312) (9.040) (10.895)
KL Capital intensity: the ratio of fixed capital to employee 4.606 2.740 6.722
(NT$ million per employee) (9.598) (4.923) (12.678)
PROFIT Profitability: ratio of profit to sales (%) 19.327 20.139 18.406
(15.941) (16.397) (15.362)
PROFIT(t-1) Lagged one-year profitability (%) 20.009 21.083 18.807
(15.628) (16.350) (14.692)
EXP(t-1) Lagged one-year export value (NT$ million) 6096.217 9711.045 2101.486
(221763.35) (28979.44) (6247.271)
OBS Sample size 2588 1375 1213

Note: The means and standard deviations are cal culated by pooling data for the 2001-2005 period.
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Table2 Statisticsfor Recipients and Non-recipients of R&D Tax Credits, 2001-2005

All firms Electronics firms Non-€electronics firms
User Non-user User Non-user User Non-user
R&D
expenditure 424359 119.146 | 493435 246.543 | 129.807 59.203
(NTS$ million)
Growth of R&D | 21.77% 0.83% 23.63% 26.456% | 13.94% -11.07%
N f
umber 0 1298.989 850.427 | 1307.777 909.070 | 1261.519 822.833
employees
Firm age 19.904 27.271 16.698 19.584 33.528 32.844
Coptaintensity |, 6 5956 | 2582 3043 | 3864 7.327
(NT$ million)
Number of 1116 1472 904 471 212 1001
observations (43.12%) (56.88%) | (65.75%) (34.25%) | (17.48%) (82.52%)
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Table3

Propensity of Tax Credit Recipientsto Engagein R& D — Logit Model

All Firms Electronics Non-Electronics
InRD2 0.115*** 0.208*** -0.053**
(0.016) (0.021) (0.021)
InSIZE 0.093* 0.136** 0.121*
(0.049) (0.054) (0.074)
AGE -0.019*** -0.108*** 0.063***
(0.005) (0.006) (0.006)
InKL 0.040 -0.961*** 0.486* **
(0.117) (0.130) (0.168)
PROFIT 0.018*** 0.014*** 0.006
(0.003) (0.004) (0.006)
CON -3.142%** 1.301*** -6.128***
(0.496) (0.480) (0.704)
Industry dummy Yes
Time dummy Yes Yes Yes
Pseudo R? 0.176 0.280 0.118
Log likelihood -1250.773 -1061.463 -610.213

Notes: (1). Figures in parentheses are standard errors. (2). ***, **, and * represent
statistical significance at the 1%, 5%, and 10% levels, respectively.

37



Table4 Treatment Effect of R&D Tax Credits

R&D Growth RD
() (2)
All Firms 0.156 0.538***
(1.56) (2.72)
Electronics 0.169 0.718***
(1.59) (3.50)
Non- Electronics 0.049 0.233
(0.42) (1.00)

Notes. (1). Figures in parentheses are t-values. (2). *** represents dstatistica
significance at the 1% level. (3). The propensity score function includes InRD2,
InSIZE, AGE, InKL, PROFIT, time dummy and industry dummy.
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Table5 Matching Covariates Balancing Property — Kernel

Mean t-test Standardized Bias
Variables Sample Treated Control t p>lt| % bias lbias]|
InNRD2 Unmatched 9.451 8.772 4.09 0.000 17.4 78.2
Matched 9.496 9.348 0.84 0.402 3.8
InSIZE Unmatched 6.325 6.050 5.84 0.000 23.2 68.2
Matched 6.342 6.430 -1.79 0.074 -7.4
AGE Unmatched 19.904 271.272 -14.80 0.000 -62.7 94.4
Matched 20.695 21.108 -0.88 0.377 -35
InKL Unmatched 3.1201 3.296 -8.75 0.000 -35.2 88.3
Matched 3.127 3.148 -0.98 0.326 -4.1
PROFIT Unmatched 21.319 17.816 557 0.000 224 92.8
Matched 21.393 21.142 0.35 0.724 1.6
|bias| summary statistics: BEFORE AFTER
Mean 31.714 2.518
Std. Dev. 33.310 2.214
Maximum 113.668 7.372
Minimum 3.865386 .0825251
Pseudo R2 0.159 0.002
LR test p-value 0.000 0.776

Notes: (1). The p-value of the t-test represents the equality of means in the treated and control groups. (2). % bias is the standardized bias as

suggested by Rosenbaum and Rubin (1985) reported together with the achieved percentage reduction in |bias|.
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Table 6 R& D Effects of R& D Tax Credits

IV estimator of Panel Fixed Model Arellano-Bond GMM
. . . i . (6) Non-
(1) All Firms (2) Electronics  (3) Non- Electronics (4) All Firms (5) Electronics Electronics

INRD(t-1) 0.691*** 1.165*%** 0.078
(0.119) (0.144) (0.140)

INRDTAX 0.302*** 0.370*** 0.086 0.080** 0.116*** -0.022
(0.084) (0.097) (0.283) (0.032) (0.032) (0.042)

INSIZE(t-1) 0.649*** 0.426*** 0.996* ** 0.587** 0.219 1.144**
(0.122) (0.139) (0.259) (0.235) (0.268) (0.543)

AGE -0.022 -0.016 -0.024 -0.041 -0.097* -0.070
(0.015) (0.018) (0.016) (0.037) (0.053) (0.060)

INKL(t-1) -0.061 0.508** -1.240* ** 0.496 0.670 0.537
(0.204) (0.254) (0.427) (0.422) (0.462) (1.063)

PROFIT(t-1) -0.001 -0.009 0.026** -0.006 -0.009 -0.019
(0.006) (0.007) (0.013) (0.007) (0.008) (0.015)

INEXP(t-1) 0.123*** 0.167*** 0.073* 0.004 -0.061 0.033
(0.027) (0.035) (0.0445) (0.037) (0.049) (0.052)

F 52.63*** 31.57*** 6.10

Sargan(P-value) 0.133 0.431 0.312
# of obs. 2588 1375 1213 2588 1375 1213

Notes: (1). Figures in parentheses are standard errors. (2). ***, ** and * represent statistical significance at the 1%, 5%, and 10% levels,
respectively. (3). F statistic is the weak 1V test. The null hypothesisis rejected when F value is larger than 10, indicating that the adopted 1V is
effective. (4). Sargan test is for test the over-identifying restrictions. The null hypothesis is not regected when p-value is not less than 1%,
indicating that the adopted IV isvalid.
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Table 7 R&D-Inducement Effects of R&D Tax Creditsin Various Time Span

2002 2003 2004 2005
Year by year 0.116 0.130 0.128 0.141
Two year 0.119 0.128 0.135
Three year 0.121 0.132

Four year 0.126
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