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Abstract

This study finds a nonlinear relationship between ownership concentration and R&D investments.
Specifically, ownership concentration is positively related to R&D investments at a low level of
ownership concentration; the relationship becomes negative when ownership concentration is at a
high level. However, the impact of ownership concentration on R&D investments is lessened in
family-controlled firms; that is, family control moderates the relationship between ownership
concentration and R&D investments. Overall, this study suggests that the ownership concentration’s
nonlinear impact on R&D investments differs between family-controlled firms and non-family-
controlled firms.
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CHAPTER 1: INTRODUCTION

Research and development (R&D) is vital to creating knowledge and innovation activities, which in
turn generate competitive advantage for firms. Prior studies indicate that ownership concentration
affects a firm’s R&D investments; however, findings on the nature of this effect are inconclusive.
Baysinger et al. (1991) find a positive relationship, while Zeng and Lin (2011) and Rapp and Udoieva
(2016) find a negative relationship. Admati et al. (1994) indicate that an increase of ownership
concentration aligns the interests of blockholders with corporate control with those of minority
shareholders, while Claessens et al. (2008) argue that shareholders with concentrated ownership may
pursue self-interests at the expense of minority shareholders. Thus, whether or not ownership
concentration is beneficial for R&D investments depends on its level. This study calls into question
the apparently intuitive conclusion of prior studies about whether or not there is a nonlinear
relationship between ownership concentration and R&D investments. Since family-controlled firms
tend to be more heterogeneous than non-family-controlled firms, as argued by Chrisman and Patel
(2012) and Martinez and Requejo (2017), this study shows how family control moderates the
relationship between ownership concentration and R&D investments.

After addressing the endogeneity issue of ownership concentration based on Lee and O'Neill
(2003) and Chen et al. (2014), our empirical results indicate that R&D investments increase along
with ownership concentration up to a critical point, after which the relationship turns negative. Admati
et al. (1994) find that blockholders with concentrated ownership may make long-term-oriented
decisions, which may explain the positive relationship at a low level of ownership concentration.
When ownership concentration is high, however, our result suggests that firms are more reluctant to
make R&D investments. This result is consistent with the argument of Dilling-Hansen et al. (2003)
and La Porta et al. (2000) that blockholders become risk-averse due to self-interests once a mass of
blockholders’ wealth is highly concentrated in a firm.

In addition, using family control as a moderator, we find a significant moderating effect of family
control on the ownership—R&D investment relationship. Specifically, we find an inverse U-shaped,
or nonlinear, relationship between ownership concentration and R&D investments for non-family-
controlled firms. However, the inverse U-shaped relationship is less pronounced among family-
controlled firms because family owners, who are tied by marriage or blood, normally make business
decisions based on family bonds; besides, the family shareholders, whose wealth are highly
concentrated in the firm, tend to be conservative and risk-averse (Schulze et al., 2003, Graves and
Thomas, 2006, Chang et al., 2006).



The findings of this study are robust to a battery of tests in the Taiwanese context. Taiwan is
particularly well-suited for this study for two reasons. First, Taiwan is well-known for having an
environment that encourages corporate R&D investments, contributing to its consistently high levels
of economic growth. In the 2016 Global Innovation 1000 Study, the R&D spending of Taiwanese
firms is reported to total NT$392.8 billion (US$12.4 billion), approximately three percent of their
combined revenue.® Second, Claessens et al. (2000) and Yeh et al. (2001) indicate that high levels of
ownership are concentrated in the hands of Taiwanese public-listed family-controlled firms. The
control structure in Taiwan, wherein blockholders are influential on firms’ strategic decisions, enables
us to investigate the distinct effects of ownership concentration on R&D investments and obtain
insights into family-controlled firms throughout Asia.

This study differs from prior research in a number of ways. Although the effect of ownership
structure on R&D investments is well-documented by studies such as Baysinger et al. (1991), Lee and
O'Neill (2003), and Zeng and Lin (2011), these studies consider neither the differences between
family-controlled and non-family-controlled firm nor the nonlinear relationship between ownership
concentration and R&D investments. By contrast, this study reveals considerable differences between
family-controlled and non-family-controlled firms in terms of a nonlinear effect. In addition, prior
studies such as Schulze et al. (2003), Chang et al. (2006), Mufioz-Bullén and Sanchez-Bueno (2011),
and Chrisman and Patel (2012) compare family-controlled to non-family-controlled firms regarding
their respective effects on R&D investments; however, they ignore the potential effects of ownership
concentration. Moreover, while Chen et al. (2014) and Lo et al. (2016) explore the nonlinear effects
of ownership structure on innovation performance and leverage decision, respectively, this study
considers the impact of ownership concentration on R&D decisions while including family control as
a moderator.

With respect to the association between family ownership and R&D investments, prior studies
such as Chen and Hsu (2009), Munari et al. (2010), Block (2012), and Choi et al. (2015) find a linear
effect of family ownership on R&D investment. Of these, Chen and Hsu (2009), examining data from
a sample of Taiwanese electronics companies covering 2002 to 2007, is the most closely related to
this study. We extend Chen and Hsu (2009) by investigating not only family ownership but also the
ownership of blockholders, as well as by enhancing the regression models to test the nonlinear effect.
Consistent with Chen and Hsu (2009), this study shows that the higher the ownership is, the fewer the

R&D investments are; however, this negative relationship exists only at high levels of ownership.

! Source: https://www.pwec.tw/zh/publications/assets/2016-global-innovation-1000-taiwan.pdf
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This relationship is positive at low levels of ownership, indicating the need to consider the possibility
of nonlinearity. Furthermore, this study’s sample is larger than that used by Chen and Hsu (2009) and
covers a longer period: it comprises all listed companies in Taiwan between 1990 and 2014.

Our findings contribute to the literature in at least two ways. First, we show empirically a
nonlinear inverse U-shaped effect of ownership concentration on R&D investments. This nonlinear
effect not only explains the mixed effects of ownership concentration on R&D investments, but also
provides a new explanation for the finding of Chen et al. (2014) on the inverse U-shaped relationship
between ownership concentration and innovation activities, because R&D investments could help
improve innovation performance, as suggested by Berchicci (2013). Second, this study contributes to
the literature by clarifying differences in R&D investments between family-controlled and non-
family-controlled firms, thus corroborating the argument of Chrisman and Patel (2012) about the need
to consider the heterogeneity of family-controlled firms.

The remainder of this paper is organized as follows. Section Il reviews the literature and develops
hypotheses. Section 111 describes this study’s data and methodology. Section IV describes the tests

and results. Finally, section V concludes this paper.

CHAPTER 2: LITERATURE REVIEW AND HYPOTHESIS DEVELOPMENT

Blockholders with corporate control are capable of using firms’ resources without considering
minority sharecholders’ rights or welfare (La Porta et al., 2000). Given these blockholders’ self-serving
behaviors, there is a need to empirically examine whether or not ownership concentration affects R&D
investments. The literature on the effect of ownership concentration on R&D investments shows
mixed results.

Among studies that find a positive relationship, Pindado and de La Torre (2009) find that
blockholders have an incentive to invest more resources in R&D activities to create competitive
advantages for the firm because this kind of investment contributes to higher market valuations in the
financial market, as argued by Gupta et al. (2017). Following the agency theory, La Porta et al. (2000)
argue that blockholders with corporate control worldwide tend to pursue self-interests at the expense
of minority shareholders. The agency problem is particularly pronounced when the ownership of
blockholders is low. Shleifer and Vishny (1986) and Admati et al. (1994) find that the agency problem
is alleviated when concentrated ownership rises because controlling and minority shareholders’
interests become aligned. Thus, this study conjectures that increases in ownership concentration at a
low level encourage R&D investments, to the shareholders’ benefits. Consistent with this argument,

Baysinger et al. (1991) find that ownership concentration is beneficial for R&D investments. Lee and
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O'Neill (2003) find that ownership concentration is positively related to R&D investments in the
United States.

However, certain studies, such as Rapp and Udoieva (2016) and Zeng and Lin (2011), find that
ownership concentration results in lower R&D investments. Shleifer and Vishny (1986) document the
wealth of blockholders is undiversified and tightly tied up in the firms. Therefore, a high level of
ownership concentration would make these shareholders become more risk-averse. Furthermore, Goel
and Ram (2001), Kothari et al. (2002), and Oriani and Sobrero (2008) argue that R&D investments
may lead to irreversible adverse effects due to the highly uncertain value of R&D activities. Therefore,
when ownership concentration is high, risk-averse blockholders will restrain R&D investments as
ownership concentration increases.

Based on the contradictory arguments described above, ownership concentration might lead to
two opposing effects on R&D investments. We develop the following hypotheses:

Hypothesis 1a: When ownership concentration is at a low level, ownership concentration is positively
associated with R&D investments.
Hypothesis 1b: When ownership concentration is at a high level, ownership concentration is

negatively associated with R&D investments.

Several studies compare the effects of family-controlled and non-family-controlled firms on
R&D investments. Mufioz-Bullon and Sanchez-Bueno (2011) find that family-controlled firms have
lower R&D intensity than their counterparts due to limited resources and ability. Chrisman and Patel
(2012) argue that family ownership’s influence on R&D varies depending on the gap between
aspiration and performance. Zellweger (2007) claims that family shareholders efficiently monitor
corporate decision making. This argument iIs consistent with the view of Chrisman et al. (2015) that
family involvement encourages R&D investments due to the family’s economic motivation and
business objectives.

On the other hand, the argument of hypothesis 1 may be lessened due to the unique characteristics
of family control. First, family-controlled firms take the name because of various combinations of
family members in several influential positions in the firms. In this regard, family managers and/or
shareholders, who are members of the firm by either blood or marriage, can exert significant
influences on corporate decision-makings (Ward, 2016). Family members’ emotional bonding, sense
of loyalty and responsibility, and affectionate ties can thus be observed in family-controlled firms
(Kepner, 1991), all of which suggest that family members make decisions on R&D investments in

family-controlled firms based on family bonds, but not the level of ownership. Second, family wealth
6



is highly concentrated in the family-controlled firm to certain extent regardless of the level of
ownership concentration. Family shareholders tend to be conservative and risk-averse (Schulze et al.,
2003, Graves and Thomas, 2006, Chang et al., 2006), and R&D investment decisions heavily depends
on its effect on family wealth rather than the level of family ownership.

Overall, R&D investment decisions of family control rely more on family self-interest than

ownership concentration. Therefore, we propose the following hypothesis:

Hypothesis 2: Family control lessens the association between ownership concentration and R&D

investments.

CHAPTER 3: DATA AND METHODOLOGY

This study employs a large panel dataset on public firms listed on the Taiwan Stock Exchange
covering 1999 to 2014. The data were extracted from the Taiwan Economic Journal (TEJ)? database.
Three criteria were applied to filter them: first, the total assets of each observation must be at least
NTD 1 billion, to prevent the small firm effect; second, the observations must not have a missing
value for any variable in our empirical models; third, the sample must not include financial institutions
because they have different statutory requirements. The final sample thus derived comprised 15,721
firm-year observations.

We followed previous empirical studies and examined the relationship between R&D
investments and ownership concentration using regression analysis. Following prior studies such as
Hovey et al. (2003), two main measures were used to define “ownership concentration,” OC3 and
OCS5, representing the respective percentages of shares held by the top three (OC3) and top five (OC5)
blockholders. To control for potential industrial differences and intertemporal effects, we subtracted
OC3 (OC5) from the median OC3 (OC5) of the firm’s corresponding industry in that year. We added
the value 1 to the industry-adjusted ownership concentration to prevent a negative ratio because the
squared terms of both OC3 and OC5 were used in our regression models. The unadjusted means of
OC3 and OC5 are 0.3567 and 0.3837, respectively, indicating that Taiwanese firms are generally
concentrated in the hands of blockholders.

For family control, a dummy variable representing a firm controlled by a group of people with
family relationships or a common family name was used, following Lo et al. (2016). Based on the

definition given in the TEJ database, family-controlled firms are considered those in which (i) the

2 See this page https://www.bloomberg.com/research/stocks/private/snapshot.asp?privcapld=43502394 for an overview
of TEJ, which provides timely and accurate data for various markets.
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positions of chairman and chief executive officer are held by family members; (ii) board seating rights
are greater than half, and outside directors make up not more than one-third of all directors; (iii) board
control rights are at least 33 percent, and at least three family members hold positions as directors,
supervisors, and/or managers; and (iv) the block shareholdings held by the family shareholder(s) total
more than the critical control level.?

Following Lee and O'Neill (2003) and Chen et al. (2005), we use the two-stage least squares
(2SLS) method to minimize the possible effect of endogeneity on ownership concentration in
examining the relationship among ownership concentration, family control, and R&D investments.
The following equations are formulated:

OC, = g, + p,FamC, + B,MB, + p\ol, + §,FDir, + S IDir, + S,Size, + £, Age,
+ BROA, + B,CR, + 3 y.Year  + 3 4 Industry, , +& (1a)

R&D, = f,+ fOC; + p,FamC, + f;|Dir, + f,Size, + f;AQe, + SROA, + 3, Profit,
+ B,LTDR, + B,Capl, + B, Invl, + B.CR, + > y.Year,, + Y A Industry,, + &, (1b)

s,it

where OC can be either OC3, the top three ownership percentage of firm i in year t, or OC5, the top
five ownership percentage; FamC is the family control dummy; and R&D is the ratio of R&D
expenditures to total assets, in line with studies such as Zeng and Lin (2011) and Gavious et al. (2015).
In the first stage (EQ. 1a), this study regressed either OC3 or OC5 on family control, board-related
features, and firm-related features. In the second stage (Eq. 1b), this study utilized the fitted values of
OC3 and OC5 as the testing variable of OC obtained from Eq. 1b to represent the ownership
concentration.

The other variables in this model are defined as follows: MB is the ratio of market value to the
book value of equity; Vol is the standard deviation of ROA for firms in the industry; FDir is the ratio
of foreign directors to total directors; IDir is the ratio of independent directors to total directors; Size
is the natural logarithm of total assets; Age is the natural logarithm of years of establishment; ROA is
the ratio of earnings before interest and taxes to prior-year total assets; Profit is the ratio of continuing
operations’ income after taxes to total sales; LTDR is the ratio of long-term debt to total assets; Capl
is the ratio of fixed assets to total assets; Invl is the ratio of inventory to total assets; and CR is the

ratio of current assets to current liabilities. The control variables are consistent with those used in

3 Cubbin and Leech (1983), p. 358 define the critical control level as the “critical portion of shares which, if it is held as
the largest bloc, has a certain degree of control, which is high enough for it to be said to dominate the firm.”
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studies such as Baysinger et al. (1991), Lee and O'Neill (2003), and Chen et al. (2014). Year and
industry fixed effects are also included.

We examine the moderating effect of family control on the relationship between ownership
concentration and R&D investments by including an interaction term of OC and FamC. We estimate
the following equation:

R&D, = g, + BOC, + g,FamC, + 5,0C x FamC,, + S,1Dir, + S.Size, + B, Age,
+ f,ROA, + S,Profit, + S,LTDR, + S,,Capl, + £, Invl, + B,CR, (2
+ Yy Year, + > A Industry, ; + &,

CHAPTER 4: TESTS AND RESULTS

Panel A of Table 1 presents the descriptive statistics for the explanatory variables. R&D investments
account for nearly 2 percent of the sample firms’ total assets. The means and medians of OC3 and
OCS5 are close to 1, showing that they are industry-adjusted indicators. Mean family control (FamC)
indicates that around 62 percent of the sample firms are family-controlled. The average market-to-
book (MB) ratio of the firms is 157 percent, while the mean volatility (\Vol) is 0.11. The proportion of
foreign and independent directors on the board is approximately 2 percent and 14 percent, respectively.
The average firm size (Size) is 8.64 (logged value), indicating average total assets of approximately
NTD 5.653 billion. The average logged value of 3.09 years of establishment (Age) shows that the
sample firms have been in business for 22 years. Regarding return-on-assets (ROA), the reported mean
value is 0.07. Mean Profit indicates that the total income after taxes from continuing firm operations
is 3 percent on average. The average total long-term debt-to-total assets ratio (LTDR) for the observed
period is around 11 per cent. Furthermore, around 30 percent and 17 percent of the sample firms’ total
assets constitute fixed assets (Capl) and inventories (Invl), respectively. The average current ratio (CR)
of 2.50 suggests that NTD 1 of the sample firms’ current liabilities is covered by NTD 2.50 of their

current assets.

Table 1 Descriptive Statistics (N = 14,573)
Panel A: Full sample

Variable Mean Median Quartile 1 Quartile 3 Standard Deviation
R&D 0.02 0.01 0.00 0.03 0.03
0C3 1.02 1.00 0.90 1.13 0.17
0C5 1.02 1.00 0.90 1.12 0.16
FamC 0.62 1.00 0.00 1.00 0.48
MB 1.57 1.21 0.80 1.88 1.41
Vol 0.11 0.10 0.08 0.13 0.04
FDir 0.02 0.00 0.00 0.00 0.07
IDir 0.14 0.00 0.00 0.29 0.17
Size 8.64 8.39 7.69 9.27 1.27
Age 3.09 3.18 2.75 3.53 0.58



ROA 0.07 0.06 0.02 0.12 0.12

Profit 0.03 0.04 0.01 0.10 2.67
LTDR 0.11 0.08 0.02 0.17 0.11
Capl 0.30 0.29 0.16 0.43 0.19
Invl 0.17 0.14 0.08 0.21 0.15
CR 2.50 1.73 1.29 2.53 5.20
Panel B: Sub-group analysis

Grouping by FamC Grouping by R&D
Variable Colr:I?erIIIIg(; Nogé';?rrgllllgé Difference  t-stat High Low Difference  t-stat
R&D 0.0163 0.0311 -0.0149 -26.04***
0OC3 1.0414 0.9885 0.0529 19.34%*** 1.0160 1.0275 -0.0116  -4.21***
0OC5 1.0367 0.9889 0.0478 17.67*** 1.0136 1.0242 -0.0107  -3.93***
MB 1.4600 1.7119 -0.2519 -10.90*** 1.7713 1.3925 0.3788 16.31***
Vol 0.1016 0.1135 -0.0119 -18.51*** 0.1083 0.1049 0.0033  5.16***
FDir 0.0129 0.0252 -0.0123 -10.26*** 0.0207 0.0155 0.0052  4.24***
IDir 0.1189 0.1670 -0.0482 -17.53*** 0.1594 0.1256 0.0338 12.17***
Size 8.6861 8.6131 0.0730  3.48*** 8.5670 8.7033 -0.1364  -6.48***
Age 3.2064 2.9351 0.2712 28.96*** 3.0362 3.1451 -0.1089 -11.36***
ROA 0.0633 0.0766 -0.0133  -6.90*** 0.0581 0.0420 0.0160  8.97***
Profit 0.0388 0.0161 0.0226  0.53 0.0404 0.0229 0.0175  0.39***
LTDR 0.1244 0.0967 0.0277 14.77*** 0.0965 0.1244 -0.0278 -15.10***
Capl 0.3249 0.2706 0.0544  17.52%** 0.2886 0.3147 -0.0261  -8.44***
Invl 0.1705 0.1596 0.0110  4.43*** 0.1565 0.1802 -0.0237  -9.64***
CR 2.3251 2.6685 -0.3434  -4.12%** 2.6082 2.4056 0.2026  2.35**

Note: This table provides descriptive statistics in our sample. Panel A is the summary statistics of full sample, while Panel
B provides the tests of mean differences between family-controlled firms and non-family-controlled firms, and between
firms with high R&D investments and firms with low R&D investments. R&D is the ratio of R&D expenditures to total
assets. R&D is the ratio of R&D expenditures to total assets. OC3 and OC5, representing the respective percentages of
shares held by the top three (OC3) and top five (OC5) blockholders. FamC is a dummy variable equal to one if the firm
is a family-controlled firm, and zero otherwise. MB is the ratio of market value to the book value of equity; Vol is the
standard deviation of ROA for firms in the industry; FDir is the ratio of foreign directors to total directors; IDir is the
ratio of independent directors to total directors; Size is the natural logarithm of total assets; Age is the natural logarithm
of years of establishment; ROA is the ratio of earnings before interest and taxes to prior-year total assets; Profit is the
ratio of continuing operations’ income after taxes to total sales; LTDR is the ratio of long-term debt to total assets; Capl
is the ratio of fixed assets to total assets; Invl is the ratio of inventory to total assets; and CR is the ratio of current assets
to current liabilities. ** and *** denote the significance levels at 5% and 1%, respectively.

This study’s observations have been grouped in Panel B of Table 1 into two categories based on
family control and R&D investment level. Family-controlled firms have significantly lower R&D and
MB ratios than do non-family-controlled firms (0.0163 vs. 0.0311 and 1.4600 vs. 1.7119, respectively).
Furthermore, firms are more likely to be non-family-controlled if they belong to groups characterized
by higher volatility, higher proportions of foreign and independent directors, and higher ROA and
current ratio. The mean difference tests also indicate that family-controlled firms are significantly
larger, older, and more profitable than non-family-controlled firms are and have more fixed assets and
inventories over total assets. Most of the differences are statistically significant at the conventional

levels.

10



We split the sample into two groups (R&D_Dum) based on the level of R&D investment: firms
are classified in the high (low) R&D investment group if their R&D investments are greater (less)
than the yearly median value of R&D. The high R&D investment group thus consists of firms with
R&D investments greater than the calculated median value and vice versa. A firm with higher R&D
investments is more likely to have a higher MB ratio, greater volatility, a higher proportion of foreign
and independent directors, larger ROA, greater profitability, and a higher current ratio, for which the
mean differences tests are all significant at the conventional levels. Conversely, this univariate
analysis reveals that firms with low R&D investments have significantly higher ownership
concentration than do firms with high R&D investments. In addition, firms with low R&D investments
tend to be significantly larger and older, have higher fixed assets to total assets, and have more
inventories over total assets than do firms with high R&D investments.

Panel A of Table 2 reports the 2SLS regression results using OC3 as the dependent variable at
stage 1 and R&D as the dependent variable at stage 2. The empirical evidence at stage 1 shows that
FamC, MB, Vol, Age, and CR are significantly and positively related to OC3, while IDir and Size have
significantly negative impacts on OC3. At stage 2, the results show that ownership concentration
positively influences R&D investments, suggesting that blockholders have incentives to make R&D
investments as their shares increase. This study next examines how family control moderates the
relationship between ownership concentration and R&D investments. A significant moderating effect
of family control is observed, where the coefficient on OC3 x FamC is -0.0968. Interestingly, the
positive coefficient on OC3 (0.0740) and the negative interaction variable (-0.0968) suggest that the
slope for family control is close to zero (0.074 + (-0.0968) = -0.0228). The F-statistics of 3.66 is not
significant at the conventional 5 percent significance level, confirming the zero net effect of family
control. Overall, this finding indicates that the effect of family control on R&D investments is less
strongly influenced by ownership concentration than are non-family-controlled firms.

Next, the positive coefficient on OC3 (0.5303) and the negative coefficient on OC3? (-0.2163)
point to a nonlinear relationship between ownership concentration and R&D investments. This result
implies that, at a low level of ownership concentration, as ownership concentration increases,
blockholders are willing to spend more on R&D investments. After a critical point, however,
blockholders with more ownership concentration invest in R&D on a decreasing curve due to their
risk aversion.

Another interesting result concerns the effects of the moderating coefficients on OC3 x FamC
and OC3? x FamC, which are significantly negative (-0.6179) and significantly positive (0.2518),

respectively. These results again demonstrate the moderating role of family control, whereby FamC
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moderates the non-linear relationship between ownership concentration and R&D investments. An
untabulated F-test indicates that the net values of OC3 and OC3 x FamC are approximately zero (F-
statistics = 0.18). A consistent result was obtained for the net values of OC32 and OC32 x FamC (F-
statistics = 0.14), indicating that the relationship between ownership concentration and R&D
investments forms an inverted U-shaped curve for non-family-controlled firms; however, the effect
of ownership concentration is less pronounced among family-controlled firms. These results suggest
that R&D investments in family-controlled firms are higher on average than are those in other firms
in two scenarios: when ownership concentration is low and when ownership concentration is high.
Following Lean et al. (2015), we use OC5 as an alternative measure of ownership concentration; the
estimations are shown in Panel B of Table 2. The results are qualitatively similar to those in Panel A
of Table 2.

Table 2 2SLS Regression Results — Ownership Concentration (N = 14,573)
Panel A: Ownership concentration = OC3

Variable Stage 1: OC3 Stage 2: R&D

Estimate t-stat Estimate t-stat Estimate t-stat Estimate t-stat
Intercept 1.0995 67.88*** 0.1075  13.84*** -0.0114 -0.96 -0.2529 -3.02%**
0C3 0.0362 3.81%** 0.0740 70l==%* 0.5303 3.41%**
OC3xFamC -0.0968 -8.12*** -0.6179 -2.74%**
0C3? -0.2163 -2.95***
OC32xFamC 0.2518 2.37**
FamC 0.0695 24.98*** -0.0086  -10.43*** 0.0906 7400 0.3586 3.00***
MB 0.0058 5.40***
Vol 0.3485 19.30***
FDir -0.0476 -0.79
IDir -0.0132 -12.48*** -0.0015 -6.61*** -0.0009 -3.73*** -0.0007 -2.49%*
Size -0.0189 -6.83*** -0.0096 -18.01*** -0.0075 -13.06*** -0.0072  -12.25***
Age 0.0787 6.33*** -0.0001 -0.04 -0.0063 -2.58%** -0.0079 -3.17***
ROA 0.0003 0.62 -0.0002 -1.77 -0.0002 -1.73* -0.0002 -1.77*
Profit -0.0238 -8.97*** -0.0231 -8.747%** -0.0228 -8.57***
LTDR -0.0279  -16.71*** -0.0259  -15.55*** -0.0261 -15.66***
Capl -0.0170 -7.29%** -0.0155 -6.67*** -0.0157 -6.74%**
Invl 0.0002 3.40%** 0.0002 3.28%** 0.0002 3.34***
CR 0.0710 7.61*** 0.0111 6.01%** 0.0070 3.61%** 0.0059 2.87***
Fixed effects Yes Yes Yes Yes
Adj. R? 0.0858 0.2441 0.2530 0.2534
Panel B: Ownership concentration = OC5
Dependent Step 1: OC5 Step 2: R&D
variable
Variable Estimate t-stat Estimate t-stat Estimate t-stat Estimate t-stat
Intercept 1.1262 70.68*** 0.0172 1.55 -0.0127 -1.08 -0.1967 -2.65***
0C5 0.0409 4.46*** 0.0733  7.24*** 0.4207  3.06***
OC5xFamC -0.0827 -7.47*%** -0.5374 -2.80***
0C5? -0.1646 -2.55**
OC5%xFamC 0.2190 2.41**
FamC 0.0643 23.46*** -0.0087 -11.26*** 0.0758  6.69*** 0.3105 3.07***
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Control Yes

Variables ves es ves
Fixed effects Yes Yes Yes Yes
Adj. R? 0.0932 0.2500 0.2508 0.2531

Note: This table provides the 2SLS results. The main testing variable of ownership concentration is either OC3 (Panel A)
or OC5 (Panel B). OC3 and OCS5, representing the respective percentages of shares held by the top three (OC3) and top
five (OC5) blockholders. FamC is a dummy variable equal to one if a firm is controlled by a group of people with family
relationships or a common family name was used, following Lo et al. (2016), and zero otherwise. MB is the ratio of
market value to the book value of equity; Vol is the standard deviation of ROA for firms in the industry; FDir is the ratio
of foreign directors to total directors; IDir is the ratio of independent directors to total directors; Size is the natural
logarithm of total assets; Age is the natural logarithm of years of establishment; ROA is the ratio of earnings before interest
and taxes to prior-year total assets; Profit is the ratio of continuing operations’ income after taxes to total sales; LTDR is
the ratio of long-term debt to total assets; Capl is the ratio of fixed assets to total assets; Invl is the ratio of inventory to
total assets; and CR is the ratio of current assets to current liabilities. Fixed effects include those of year and industry. *,
** and *** denote the significance levels at 10%, 5% and 1%, respectively.

Although ownership concentration has been widely used to measure concentrated ownership
levels, this study ensures test robustness by employing excess control (EC) as another proxy of
ownership concentration, following Cubbin and Leech (1983). Higher excess control implies higher
ownership concentration, and owners with significant shareholding may take aggressive action
concerning managerial decisions. According to Shyu and Lee (2009), excess control is calculated as
the difference between the ownership controlled by the ultimate controlling shareholders and the
minimum (“critical control”) level of ownership required to ensure the retention of controlling rights.*
We calculate ownership as the sum of the percentage of direct and indirect shares held by the ultimate
controlling shareholders, which represents the amount of shares owned by the largest shareholder. We
replicate the estimations in Table 2 using excess control. The results in Table 3 reconfirm the nonlinear

relationship between excess control and R&D investments, which is also moderated by family control.

Table 3 2SLS Non-Linear Regression Results — Excess Control (N = 14,573)

Variable Stage 1/DV = EC Stage 2/DV = R&D
Estimate t-stat Estimate t-stat
Intercept 1.0184 TA -2.1626 -7.85%**
EC 3.4531 7.17%**
ECxFamC -2.1049 -3.83%**
EC? -1.2562 -5,947%**
EC?xFamC 0.9768 4.11%**
FamC 0.0679 28N 1.0764 3.39%**
Control variables Yes Yes
Fixed effects Yes Yes
Adj. R? 0.1513 0.2613

Note: This table provides the 2SLS results. The main testing variable of ownership concentration is EC = Ownership —
critical control level in percentage + 1, whereby ownership indicates the sum of percentage of direct and indirect shares
held by the ultimate controlling shareholders. FamC is a dummy variable equal to one if a firm is controlled by a group
of people with family relationships or a common family name was used, following Lo et al. (2016), and zero otherwise.
MB is the ratio of market value to the book value of equity; Vol is the standard deviation of ROA for firms in the industry;
FDir is the ratio of foreign directors to total directors; IDir is the ratio of independent directors to total directors; Size is

* Readers are requested to refer to footnote 3 for the definition of “critical control level.”
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the natural logarithm of total assets; Age is the natural logarithm of years of establishment; ROA is the ratio of earnings
before interest and taxes to prior-year total assets; Profit is the ratio of continuing operations’ income after taxes to total
sales; LTDR is the ratio of long-term debt to total assets; Capl is the ratio of fixed assets to total assets; Invl is the ratio
of inventory to total assets; and CR is the ratio of current assets to current liabilities. Fixed effects include those of year
and industry. Fixed effects include those of year and industry. *, **, and *** denote the significance levels at 10%, 5%
and 1%, respectively.

CHAPTER 5: CONCLUSION

We use the 2SLS regression method to reveal a nonlinear inverted U-shaped relationship between
ownership concentration and R&D investments. This result implies that ownership concentration
influences a firm’s R&D investments. This effect should therefore be highlighted in innovation
improvements. Our analyses suggest that shareholders with concentrated ownership increase their
R&D investments up to a critical point, after which R&D investments decrease along with an increase
in ownership concentration owing to risk aversion. However, we find that family control significantly
lessens the ownership—R&D investment relationship. Specifically, the nonlinear inverse U-shaped
relationship between ownership concentration and R&D investments is found mainly in non-family-
controlled firms, but not in family-controlled firms. This finding suggests that family self-interest is
the main factor of R&D investment decisions in family-controlled firms.

This study contributes to the literature. This study shows that the relationship between ownership
concentration and R&D investments is nonlinear. This nonlinear effect explains the mixed effects of
ownership concentration on R&D investments. This study also provides empirical evidence that
family control may not always entail low R&D investment levels relative to those of other types of
firms. Our 2SLS analyses confirm that differences exist in R&D investments between family-

controlled and non-family-controlled firms.
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