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Abstract: Investment in research and development (R&D) is an important sustainable strategy
for firms in developing unique products to own their differentiation and competitive advantages.
Financial leverage is influential in R&D investment. However, previous studies identified different
relationship between financial leverage and R&D investment. This study revisits this puzzle from
a unique perspective that targets firms undertaking international cross-listings. This specification
allows us to test whether firms are willing to prioritize R&D funding when debt capacity is enhanced.
This is a new perspective that has never been explored in the relationship between debt financing
and R&D investment. We find that the launch of cross-listing significantly increases the level of firm
financial leverage, which is followed by a significant increase in corporate investment in R&D. The
aggressive strategy of cross-listing firms that enhance financial leverage to support more investment
in R&D further significantly influences their industrial rivals to increase investment in R&D as
a responding strategy. Overall, these results show that firms exploit the timing of international
cross-listing to increase their leverage to further fund R&D, which also stimulates an intra-industry
contagion effect. Our findings suggest a new viable path for funding R&D that carries important
implications for corporate sustainability.

Keywords: cross-listing; financial leverage; R&D investment; corporate sustainability

1. Introduction

The prior literature indicates that firms with sufficient funds to invest in research
and development (R&D) can create sustainable development advantages and accumulate
in-tangible assets [1–4]. This study aims to investigate the relationship between financial
leverage and R&D investment. Financial leverage is conceptualized as the debt-to-assets
ratio which describes the source of firm financing from debt relative to equity. Opler and
Titman [5] consider that it is important for firms to take debt financing on R&D investment.
R&D capacity is critical to the long-term sustainability of firms, as it develops firms’ abilities
to enhance their product uniqueness and novelty, which increases customer loyalty and
their switching cost to rival firms. Thus, customers tend to be highly concerned about
the firm’s long-term sustainability as they are highly dependent on continuous support
from the firm [6]. Conversely, if a firm’s product is substitutable, it is easy for customers
to switch to other suppliers without incurring high switching costs. This suggests that
firms should attempt to conduct significant R&D investments to increase their product
uniqueness and differentiation from rival firms, as this can increase customers’ switching
costs and sustain a firm’s development advantage.

A great amount of investment in R&D facilitates the development of greater product
uniqueness and increases a firm’s competitiveness, but on the other hand, R&D activi-
ties are characterized by a high failure rate, particularly those having a high degree of

Sustainability 2021, 13, 10341. https://doi.org/10.3390/su131810341 https://www.mdpi.com/journal/sustainability

https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0001-5009-5974
https://doi.org/10.3390/su131810341
https://doi.org/10.3390/su131810341
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su131810341
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su131810341?type=check_update&version=3


Sustainability 2021, 13, 10341 2 of 14

uniqueness [7]. This leads to a contradiction for the relationship between the level of
financial leverage and R&D investment. In other words, firms, for the purpose of long-term
organizational sustainability, particularly those in highly competitive product markets,
should extensively utilize their debt capacity to fund R&D activities to enhance product
uniqueness and thus firm competitiveness. By contrast, the high failure rate of R&D may
make debt holders, who are not compensated for higher risk taking, hesitate to provide suf-
ficient funding. Thus, the relationship between financial leverage and R&D investment has
been found to be controversial in the literature. For the object of long-term organizational
sustainability, firms should extensively utilize their debt capacity to fund R&D activities to
enhance the uniqueness and innovation of products [8–10], particularly in high-tech envi-
ronments or highly competitive product markets. Thus, the impact of financial leverage on
R&D investment has been found to be controversial in the academic literature.

In the present study, we revisit this important issue by utilizing a unique dataset
that explores the influence of cross-listing on the relationship between financial leverage
ratio and firm R&D investment. We argue that one important explanation for the extant
mixed findings of the relationship between R&D expenditure and leverage ratio is that
prior studies do not incorporate the influence of the firm’s debt capacity, that is, a firm’s
ability to increase debts [8–10]. We overcome this problem by targeting firms that conduct
cross-listing on major U.S. stock markets to explore this relationship. According to the
related literature, the introduction of cross-listing can increase a firm’s debt capacity via
two paths. First, the issue of American depository receipts (ADRs) implies that firms gain
a significant amount of external capital from equity markets, which reduces bankruptcy
risk and provides extensive financial slack for managers to raise debt financing [8–11].
Next, by cross-listing, firms must comply with more stringent disclosure requirements and
are subjected to stronger laws protecting investors [12,13]. Thus, a successful cross-listing
signals the market about firms’ improved capital structure. Particularly, considering that
U.S. stock exchanges are among the largest capital markets worldwide characterized by
sophisticated investors and strict regulations of going public [12,13], it can convince the
focal firm’s domestic investors and bankers that the firms have improved their financial
soundness, thereby facilitating their debt financing.

By observing 215 sample firms outside the U.S. that announced their first ADR pro-
grams on major U.S. exchanges during the 2010–2019 period, our study shows that cross-
listing firms launch their ADR issues to increase their leverage ratios (i.e., use of debt
financing) to higher proportions than before undertaking these ADR issues. The significant
increase in financial leverage is accompanied by a significant increase in firms’ R&D
investments, which subsequently further arouse the intra-industry contagion effect that
prompts their opponents to compete with R&D expenditures as responses.

While the extant findings on the relationship between financial leverage ratio and firm
R&D investment remain controversial, consequences of this study can contribute to the
research stream from a unique perspective, that is, by observing a sample of international
businesses that undertook cross-listing on major U.S. stock exchanges. This unique spec-
ification allows us to test if a firm is willing to raise leverage to fund R&D investments
when possessing the financing ability, and whether the conduct of cross-listing stimulates a
rival firm’s aggressive R&D financing motive. This view has never been examined in the
literature. Our findings should inspire corporations to be eager for a new strategy in R&D
investments to develop their sustainability.

The remainder of the study is structured as follows: First, we review the theoretical
background and build the hypotheses in Section 2. Next, Section 3 presents the sample
selection, variable definitions, and statistics. We then discuss the empirical results in
Section 4 and provide the implications in Section 5. Finally, Section 6 gives the conclusions.

2. Theoretical Background

Previous studies indicate that a firm’s sustainable competitiveness mainly derives
from unique and inimitable intangible assets, such as intellectual property or patent rights,
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which are mostly developed through substantial R&D investments [14]. However, R&D
investments are characterized by high risk and a great amount of sunk cost, which hamper
its external financing [15]. A review of the literature shows an ambiguous influence of firm
financial leverage on R&D investments. First, the perspective of agency cost [16,17] argues
a negative impact of financial leverage on R&D investments. The agency theory considers
that the result of R&D investments leads to conflicts of interests between debt holders and
shareholders. This is because, although taking the risk of R&D projects allows shareholders
to gain higher risk premiums, debt holders cannot similarly share in the risk premium
reward that flows from successful R&D projects as do shareholders but only gain a fixed
amount of interest. However, both debt holders and shareholders suffer bankruptcy costs
from unsuccessful R&D projects. The unbalanced risk–reward relationship thus makes
debt holders unwilling to fund significant R&D expenditures.

Second, the information asymmetry problem further causes debt holders to reduce
investments in R&D projects when managers keep information confidential for competi-
tive reasons. Under such circumstances, debt holders have trouble with forecasting the
consequences of R&D projects. Considering the unbalanced risk–reward relationship
characterizing debt financing, the concern of informational asymmetry increases the diffi-
culty that managers use debt financing for R&D projects than for other less risky capital
projects [3,18,19].

Finally, from the perspective of transaction costs, the financing decision of firms counts
principally on the attributes of asset properties. In particular, the level of intangibility and
uniqueness of business have a negative impact on using debt financing [20]. According to
transaction cost theory, intangible assets are difficult to write explicit contracts to protect
and thus their transactions suffer from the great hazard of opportunism [21,22]. Meanwhile,
unique firm assets are not suggested as collaterals for loans because their values are costly
if deployed for other uses and could be carelessly distributed by outsiders [23]. Since R&D
investments tend to create intangible and unique firm assets, R&D investments should
have less debt financing to avoid their value being appropriated by other firms [20,23].

Against this view, there is an alternative perspective suggesting a positive relation-
ship between financial leverage and R&D investment. For example, the disciplinary role of
debt can have a positive impact on managerial behavior, leading to managerial investment
in projects with positive net present value [24]. This is because corporate debt requires
firm managers to generate cash to meet interest and principal obligations; thus, managers’
willingness to undergo monitoring by external financing markets signals their prudent use
of firm capital [25]. R&D projects undertaken under a high debt ratio thus are expected
to create firm value because of the effective outside monitoring. Consistent with this
viewpoint, a previous study finds that R&D expenditures of firms with a high debt ratio
create significantly positive abnormal returns [26].

We revisit the conundrum by analyzing cross-listing events on major U.S. stock ex-
changes, a new perspective never used to study the impact of financial leverage (i.e., debt
ratio) on R&D investment. The previous studies indicate that firms implement cross-listing
introductions to obtain an international reputation and greater financial resources [4,27,28].
These cross-listing activities positively advance both firm growth and corporate value.
This is especially true considering that U.S. stock exchanges have been recognized as the
most representative in the world, where many foreign businesses from different countries
eager to cross-list attempt to do so [12,13]. A successful ADR cross-listing can significantly
enhance a firm’s reputation and convince the external capital market that the firms have
improved their debt capacity. Further, due to the strict regulations of the United States
Securities and Exchange Commission (SEC), a successful cross-listing can signify that
firms have advanced their competitiveness and financial soundness. The reputational
advantage of successful cross-listing facilitates an increase in leverage ratio higher than
before undertaking the cross-listing. Due to the importance of R&D investments for firms’
sustainability and long-term prosperity, we consider that cross-listing firms take advantage
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of the increased debt capacity to fund more R&D investments relative to other activities.
These arguments result in the succeeding hypotheses.

Hypothesis 1 (H1). Foreign firms launch the ADR cross-listing (as successful issue of ADR in the
U.S. stock exchanges significantly increases a firm’s reputation) to increase the use of debt financing
to an even higher proportion (i.e., raise their leverage ratio higher by utilizing the reputation effect
brought by the successful issue of ADR) compared with the time before cross-listing in the U.S.
stock exchanges.

Hypothesis 2 (H2). When cross-listing firms increase the leverage ratio, they use a greater amount
of debt to conduct more R&D investments.

Finally, due to the increasingly competitive globalized environment, we argue that
the aggressive strategy of cross-listing firms that greatly increase their debt financing to
fund more R&D investments also prompts their industrial rivals to adopt similar strategies
as responses. As the perspective of product market competition states, for a firm that has
highly differentiated products, customers become highly reliant on continuous support
from this firm, which enhances the switching cost of customers and consequently the
competitive strength of firms [6]. The literature shows that firms who adopt aggressive
R&D investment strategies typically survive in an industrial environment characterized by
a highly competitive industry structure [15]. Under such a competitive environment, for
one firm that successfully cross-lists to fund more R&D signals than opponents, then its
R&D capacity is enhanced due to better access to international resources. We think that
industrial rivals similarly increase their R&D investment to avoid being outraced by focal
firms that increase financial leverage to fund more R&D investment. Thus, we have the
argument as follows:

Hypothesis 3 (H3): The aggressive R&D financing strategy (a significant increase in R&D
investments using greater financial leverage) of cross-listing firms arouses a contagion effect
pushing industrial rivals to also enhance their R&D investments in response.

3. Research Methodology
3.1. Sample Selection

These sample firms consisted of stocks traded outside the U.S. that announced their
first ADR programs to list on the U.S. stock exchanges including AMEX, NASDAQ, and
NYSE. These sample firms were obtained from the Bank of New York. Following the related
literature on financial leverage, we did not include financial firms with SIC codes from
6000 to 6999 and utilities with SIC code from 4900 to 4999 into the sample. To avoid other
impacts that contaminate our findings, we excluded firms that trade Level I ADR (OTC),
privately placed ADR, and offshore ADR (SEC Rule 144A/Regulations) [29]. Further, we
eliminated cross-listing firms if their financial information was unavailable from the Center
for Research in Securities Prices (CRSP) database and the Compustat database.

We then used this process to adopt the firms increasing the amount of their debt
financing that is, those who raised significant debts compared to their existing firm assets
before undertaking cross-listing. This procedure helped to ensure that our sample firms
could raise abundant debts via cross-listing and had these financial resources to expand
R&D expenditures. The measurement of debt financing was calculated as:

Debt Financing = (Long-term Debt 0−Long-termDebt−1)/Asset−1 (1)

Following the definition of debt financing as in [10], we measured debt financing as
the difference between long-term debts in the cross-listing year and long-term debts in the
prior year and then divided by lagged firm assets (the unit of percentage).

Because this study concentrated on the competition in the market, the samples were
further restricted to obey these criteria: (i) the minimum of debt financing in year 0 (the year
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of the ADR event undertaking) was 2% of the amount of firm assets in year −1 (the year
prior to the ADR event launching); (ii) the minimum in an industry was two firms; (iii) the
minimum in the market share was 1%; (iv) we could acquire their R&D expenditures in the
Compustat database from year −1 to year 0 (named as year [−1, 0]); and (v) firms were not
involved in any mergers and acquisitions in year 0.

Finally, we collected the sample of rival firms in the U.S. stock markets including
AMEX, NASDAQ, and NYSE from 2010 to 2019. The rival firms belonged to U.S. corpo-
rations and their four-digit SIC codes were the same as the four-digit SIC codes of the
cross-listing firms [30–32]. We adopted these firms to be the sample firms and rival firms.
The samples of 215 firm events raising the amount of debt financing in the period 2010–2019
were identified. Because of these constraints, the minimum in every event window was
two years. Thus, the competitive impact in this study could be attributed to the chosen
event during the following two years.

3.2. Descriptions of Variables
3.2.1. Dependent Variable

Obtaining the data of R&D investments from the Compustat database, we then esti-
mated the difference in R&D in year 0. In Equation (2), on the basis of [2,7,14,15,19], we
defined this variable, and it was equal to the R&D expenditure in year 0 minus the R&D
expenditure in year −1 and then divided by firm assets in year −1. Thus, the measurement
of the dependent variable was expressed as follows:

∆ R&D0= (R&D 0−R&D−1)/Asset−1 (2)

Moreover, we calculated the industrial modified difference in R&D expenditure. We
computed these R&D investments of sample firms and those of industrial rival firms. The
industrial modified difference in R&D expenditure was equal to the change in R&D of a
sample firm in year 0 minus the mean of the changes in R&D of the others with the same
four-digit SIC code in year 0.

3.2.2. Independent Variable

While the issue of ADR increased a firm’s equity share, we questioned whether cross-
listing firms would utilize the reputation brought about by the successful ADR issue to
increase their financial leverage ratio (i.e., the amount of debt financing) to an even higher
proportion than before undertaking the ADR issue. In Equation (3), according to [8–11,33],
we calculated the difference of leverage as follows:

∆ Leverage0 =[(Long-term Debt 0+Short-term Debt0) − (Long-term Debt−1+Short-term Debt−1)]/(Asset−1
)

(3)

Following [8–11,33], we measured the difference of leverage by the change between
the sum of long-term and short-term debts in year 0 and the sum of long-term and short-
term debts in year −1. We used this variable, ∆ Leverage0, as the measurement of increase
in leverage ratio in this study.

3.3. Descriptive Statistics

Table 1 presents the distribution of our sample firms according to the year when
they launch the ADR cross-listing, as well as the amount of debt financing as defined
by Equation (1). First, we find a slowly growing trend in the cross-listings. Further, we
discover that the amount of debt financing increases stably measured by either mean or
median of debt financing. The mean of debt financing in all samples is 15.31%, and its
median is 15.69%. As the mean was almost equal to the median, the result shows that the
distribution of sample is nearly symmetrical (i.e., without outliers). Finally, the significant
positive mean and median values of debt financing across the event years suggest that
most sample firms use significant debt financing along with the launch of cross-listings.
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Table 1. Sample distribution and debt financing by year.

Year Observations
Debt Financing (%)

Mean Median

2010 21 12.62 12.98
2011 23 13.36 13.87
2012 18 14.47 14.82
2013 24 15.23 15.56
2014 28 15.32 15.64
2015 25 15.62 15.78
2016 30 15.88 16.12
2017 21 16.15 16.34
2018 16 16.32 16.56
2019 43 16.57 17.38
Total 215 15.31 15.69

4. Empirical Results
4.1. Univariate Analysis

We conducted a univariate analysis to examine Hypothesis 1. First, we computed the
debt financing by Equation (1) to choose those firms whose minimum of debt financing
in year 0 was 2% of the amount of firm assets in year −1. Next, for those achieving the
minimum of debt financing threshold, we then calculated their difference in leverage by
Equation (3). The results are summarized in Table 2.

Panel A shows the results of all sample firms. We find that the difference in leverage
(∆ Leverage) is positive with the mean value of 3.30% and median value of 3.15%. The
result is consistent with Hypothesis 1, suggesting that firms would introduce the ADR
cross-listing to increase the leverage ratio to a higher level than before cross-listing. Panel
B shows the results of the subsample of leverage-increasing firms (those with positive
value of ∆ Leverage). We find that in year −1, the leverage (Debt/Asset−1) of cross-listing
sample firms is slightly lower than that of their industrial rivals; the mean (median) of
leverage for sample firms is 19.12% (18.87%), and their rivals’ mean (median) is 19.35%
(19.56%). However, in year 0, the mean (median) of leverage (Debt/Asset0) for the leverage-
increasing subsample is 22.54% (23.16%), both being higher than their rivals’ mean (17.86%)
and median (17.95%). Furthermore, their mean and median of ∆ Leverage is 7.23% and
7.18%, respectively, both being much higher than those of all samples.

Panel C reports the results of the subsample of leverage-decreasing firms (those with
negative value of ∆ Leverage). In year −1, their mean of leverage (Debt/Asset−1) is 21.04%,
and median is 17.32%, both being higher than their rivals’ mean (10.21%) and median
(10.52%). By contrast, in year 0, their mean (median) of leverage (Debt/Asset0) is 10.33%
(8.95%), both being slightly lower than their rivals’ mean (11.32%) and median (11.05%).
Furthermore, for the leverage-decreasing subsample, their mean and median of ∆ Leverage
are −4.18% and −4.52%, respectively, both being lower than those of all sample.

Table 2 also compares the number of leverage-increasing firms (141) versus the number
of leverage-decreasing firms (74). The result of greater number of leverage-increasing firms
in contrast to leverage-decreasing firms suggests that a majority of firms take advantage of
the ADR issuing to increase their leverage ratio to above that of their rivals. Overall, these
univariate test results support Hypothesis 1.

We provide the differences in R&D expenditures in Table 3. There are three panels: all
firms in Panel A, leverage-increasing firms in Panel B, and leverage-decreasing firms in
Panel C, respectively. We measured the unmodified change through the difference in R&D
expenditures in year [−1, 0] divided by firm assets in year −1. The industrial modified
difference was equal to the unmodified difference in the sample firm minus the mean
of the unmodified difference in the rest of firms in an industry. For Hypothesis 2, we
report the results of conducting a univariate analysis in Table 3. These values of all sample
analyses are found in Panel A. The unmodified values of R&D expenditures and industrial
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modified values are reported. We find that the mean of the unmodified differences in R&D
expenditure increased by 1.88% (p < 0.05) in year [−1, 0], increased by 2.54% (p < 0.05) in
year [−1, 1] and increased by 3.85% (p < 0.05) in year [−1, 2], respectively. These results
indicate that firms continued to input R&D expenditures for at least 2 years after raising
debt financing.

Table 2. Statistics descriptions.

Mean (%) Median (%) S.D. (%) Observation

A. All sample

Debt financing 15.31 15.69 6.62 215
∆ Leverage 3.30 3.15 3.44 215

Debt/Asset−1 19.78 18.34 14.16 215
Debt/Asset0 18.34 18.27 13.91 215

Debt/Asset−1 of rival firms 16.20 16.45 12.76 215
Debt/Asset0 of rival firms 15.61 15.58 11.77 215

Number of firms in the industry 14.34 13.00 12.84 215
Herfindahl index 1211 8.23 2.14 215

Market share of all firms 7.30 6.53 12.22 215

B. Leverage-increasing firms

Debt financing 10.19 10.21 4.83 141
∆ Leverage 7.23 7.18 3.58 141

Debt/Asset−1 19.12 18.87 13.51 141
Debt/Asset0 22.54 23.16 15.38 141

Debt/Asset−1 of rival firms 19.35 19.56 14.45 141
Debt/Asset0 of rival firms 17.86 17.95 13.24 141

Number of firms in the industry 14.00 13.00 12.47 141
Herfindahl index 13.57 8.83 2.29 141

Market share of leverage-increasing firms 8.23 7.41 13.22 141

C. Leverage-decreasing firms

Debt financing 25.07 26.13 10.02 74
∆ Leverage −4.18 −4.52 3.18 74

Debt/Asset−1 21.04 17.32 15.41 74
Debt/Asset0 10.33 8.95 11.12 74

Debt/Asset−1 of rival firms 10.21 10.52 9.54 74
Debt/Asset0 of rival firms 11.32 11.05 8.98 74

Number of firms in the industry 15.00 13.00 13.54 74
Herfindahl index 9.33 7.08 1.85 74

Market share of leverage-decreasing firms 5.53 4.86 10.32 74

The mean of industrial modified differences in R&D expenditures is positively signif-
icant with the value of 0.83% (p < 0.05) in year [−1, 0]. The mean of industrial modified
differences in R&D expenditures in year [−1, 1] is 0.98% (p < 0.05) and in year [−1, 2] is
1.37% (p < 0.05), respectively. Overall, we find that the cross-listing firms’ R&D expenditure
increases industrial rivals in the cross-listing year and the two subsequent years.

In Panel B, we illustrate the results of leverage-increasing firms. The unmodified
difference in R&D expenditures of leverage-increasing samples increased significantly by
2.05% (p < 0.05) in year [−1, 0]. In year [−1, 1] and year [−1, 2], the means of unmodified
differences in R&D expenditures are significant at 2.68% (p < 0.05) and 3.83% (p < 0.05),
respectively. Further, the mean of industrial modified differences in R&D expenditures in
year [−1, 0] is 0.88% (p < 0.05). This shows that the leverage-increasing firms increased
their R&D expenditures higher than those of their industrial rivals. The mean of industrial
modified differences in R&D expenditures in year [−1, 1] is also significantly positive at
1.15% (p < 0.05) and maintains the significantly positive value of 1.36% (p < 0.05) in year
[−1, 2]. These results indicate that during the cross-listing period, the leverage-increasing
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firms were more aggressive in raising R&D expenditures than their industrial rivals, which
is consistent with Hypothesis 2.

Table 3. Differences in R&D expenditures.

Initial Amount (%) of R&D−1/Asset−1

Differences in R&D Expenditures (%)

2 Year Period:
Year [−1, 0]

3 Year Period:
Year [−1, 1]

4 Year Period:
Year [−1, 2]

Panel A. All firms (N = 215) Unmodified values

Mean 3.26 * 1.88 * 2.54 * 3.85 *
Median 3.78 * 1.54 * 2.65 * 3.96 *

Industrial modified values

Mean 1.15 * 0.83 * 0.98 * 1.37 *
Median 0.12 0.25 + 0.36 * 0.58 *

Panel B. Leverage-increasing firms (N = 141) Unmodified values

Mean 3.42 * 2.05 * 2.68 * 3.83 *
Median 3.95 * 2.12 * 2.82 * 4.12 *

Industrial modified values

Mean 1.26 * 0.88 * 1.15 * 1.36 *
Median 0.45 * 0.38 * 0.47 * 0.61 *

Panel C. Leverage-decreasing firms (N = 74) Unmodified values

Mean 1.25 + 0.83 1.11 + 1.28 +
Median 1.16 + 0.82 1.12 + 1.25 +

Industrial modified values

Mean 0.53 0.47 0.52 0.62
Median 0.30 0.17 0.25 0.38

The significance levels are according to a two-tailed t test by Wilcoxon rank test. * and + are significant at 5 and
10%, respectively.

For comparison, we also analyzed the subsample of leverage-decreasing firms. The
results are reported in Panel C. Compared to the leverage-increasing firms, these leverage-
decreasing firms have a positive mean of unmodified differences in R&D investments in
year [−1, 0], which is insignificant at 0.83%. Similarly, the means of industrial modified
differences in R&D expenditures of these leverage-decreasing firms in year [−1, 0] (0.47%),
year [−1, 1] (0.52%) and year [−1, 2] (0.62%) are all positive but insignificant.

4.2. Regression Analysis

The prior literature [34,35] indicated that it was necessary to control variables that
may influence R&D expenditure, including the growth in firm assets, the amount of R&D
expenditures in year −1, market share, and several industrial structure variables. It was
noteworthy that since R&D investments were found to be a continuous event that may
last for 2–3 years after launch, we used three time-window years [−1, 0], year [−1, 1], and
year [−1, 2], respectively, for more robust results [36]. We considered the linear regression
model from these studies [2,7,14,15,19] as follows:

∆ R&Dit = β0t+β1tDdebti+β2tlog(H index)i+β3tNumber of firms in the industryi
+β4tMarket share of sample firmi+β5tIndustrial modified amount of R&D−1i
+β6tIndustrial modified growth ratio of firm assets from year − 1 to year ti+εit,

(4)

The difference in R&D expenditures of all firms was the dependent variable. The
industrial modified R&D expenditures from year −1 to year t for firm i, where t was equal
to 0, 1, and 2 depending on different time windows (i.e., time-window year [−1, 0], year
[−1, 1], and year [−1, 2]). Ddebt took a value equal to 1 in the case of the increases in
leverage, and zero otherwise. We named the logarithm of the Herfindahl index as log
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(H index). The number of firms in the industry was the total number of firms in the
industry. We adopted the industrial modified amount of R&D expenditures in year −1 to
control the changes of R&D expenditures in these ADR events. We also used the industrial
modified growth ratio of firm assets to control the changes in the growth ratio of firm assets
in these ADR events. We also measured the standard errors of these coefficients due to
heteroscedasticity [37].

The empirical results of the regression analysis are found in Table 4. First, about
the effect of control variables, the coefficients of the industrial modified values of R&D
expenditures in year −1 are significantly positive throughout all models (0.26, 0.34, and
0.48, respectively). This means that the effect of industrial modified values of R&D ex-
penditures in year −1 on the R&D growth rate is a significantly positive effect (p < 0.01).
The coefficients of the industrial modified growth ratio of firm assets are all significantly
positive in all models (0.12, 0.14, and 0.15). This means that the effect of the industrial
modified growth ratio of firm assets on the R&D growth ratio is also a significantly positive
effect (p < 0.01). Further, the coefficients about number of firms are significantly positive
in year [−1, 1] (0.03, p < 0.05) and year [−1, 2] (0.04, p < 0.05), respectively. However, the
coefficient of log (H index) is not significant to support the difference in R&D expenditures.
The coefficient of market share is also insignificant to support the difference in R&D expen-
ditures. After controlling for possible impacts of the control variables as suggested in the
prior literature, the coefficients of debt are significantly positive in three regressions (0.02,
p < 0.05; 0.03, p < 0.01; and 0.05, p < 0.01, respectively). We find these consistent results in
Table 3, thereby further supporting Hypotheses 1 and 2. This suggests that firms increased
their financing leverage to be aggressive in R&D investments in terms of undertaking
more R&D investments relative to their industrial rivals. Overall, in Table 4, the results of
regression analyses present that the firms whose financial leverages increased during the
cross-listing period conduct more vigorous R&D investment strategies after controlling for
other variables.

Table 4. Regression analysis: differences in R&D expenditures.

2 Year Period:
Year [−1, 0]

3 Year Period:
Year [−1, 1]

4 Year Period:
Year [−1, 2]

Ddebt 0.02 *
(2.24)

0.03 **
(2.45)

0.05 **
(2.44)

Log(H index) 0.02
(0.56)

0.02
(0.61)

0.02
(0.63)

Number of firms in the industry 0.03
(0.32)

0.03 *
(1.73)

0.04 *
(1.78)

Market share of sample firms 0.02
(0.71)

0.02
(0.66)

0.04
(0.55)

Industrial modified amount of R&D−1
0.26 **
(2.54)

0.34 **
(2.61)

0.48 **
(2.69)

Industrial modified growth ratio of firm assets 0.12 **
(2.65)

0.14 **
(2.72)

0.15 **
(2.79)

Intercept −1.11
(−1.32)

−1.54
(−1.24)

−1.59
(−1.32)

Adjusted R2 (%) 12.75 12.81 12.84
Number 215 215 215

T-statistics are in parentheses. ** and * are significant at 1 and 5%, respectively.

To test if the aggressive R&D investment conducted by cross-listing firms using greater
financial leverage push their industrial rivals to also enhance their R&D investment in
response as suggested by Hypothesis 3, we conducted a further regression analysis to
examine rival firms’ reactions to these firms’ expanding R&D investments. In this regard,
we focused on the results of the 141 subsample of leverage-increasing firms and showed
that R&D expenditures significantly increased post cross-listing. However, the 74 leverage-
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decreasing subsample firms show the insignificant change in R&D investments around
cross-listing.

To investigate the effect of competition, the firms in each rival group were separated
into two categories: (1) the differences in R&D expenditures of firms from year −1 to
year t were over the average in the industry; (2) these differences R&D expenditures of
firms from year −1 to year t were under the industrial average. The former category
was characterized by relatively aggressive firms, and the latter category comprises rela-
tively passive firms. We examined the financing effect of these firms’ financial leverage
on their industrial peers and whether this effect makes these rivals aggressive or pas-
sive in R&D investments. Specifically, the logistic regression was estimated from these
studies [2,7,14,15,19,38] as follows:

Aggressiveit = β0t + β1tIndustrial modified leveragei + β2tMarket sharei
+β3tIndustrial modified amount of R&D−1i
+β4tIndustrial modified growth ratio of firm assets from year − 1 to year ti + εit,

(5)

The dependent variable took a value equal to 1 in the case of the differences in R&D
investments of rival firms being greater than the average of industrial differences in R&D
investments, and zero otherwise. We measured the industrial modified leverage through
the unmodified amount minus the average of the unmodified amount in the industry. The
other variables had the same definitions in the above equations. The four-digit SIC codes
of rival firms and those of the sample firms were the same. To explain the rivals’ reactions
to these sample firms, we excluded the financing-events if two or more rival firms raised
their debt financing in the same year.

We present the probability of rival firms taking aggressive R&D investments in Table 5.
The result of logistic regression indicates that the industrial modified leverage of the sample
firms is significantly and positively related to the level of rival firms’ aggressiveness in these
three periods, year [−1, 0], year [−1, 1], and year [−1, 2], thereby supporting Hypothesis 3.
The impacts of both initial levels of R&D expenditure and the growth ratios of firm assets
are also significantly negative throughout all models (p < 0.01). The effects of market share,
by contrast, are insignificant in the three models. Overall, the results in Table 5 demonstrate
a significant intra-industry contagion effect suggesting that the aggressive R&D financing
strategies of cross-listing firms (i.e., a significant increase in R&D investments by using
greater financial leverage) push their industrial rivals to also enhance R&D investment
in response.

Table 5. Logistic regressions of rival firms taking aggressive R&D investments.

2 Year Period:
Year [−1, 0]

3 Year Period:
Year [−1, 1]

4 Year Period:
Year [−1, 2]

Industrial modified leverage 0.52 *
(1.97)

0.64 **
(2.35)

0.67 *
(2.43)

Market share 0.23
(0.41)

0.26
(0.44)

0.35 *
(1.97)

Industrial modified amount of R&D−1
−1.62 **
(−2.42)

−1.67 **
(−2.51)

−1.68 **
(−2.53)

Industrial modified growth ratio of firm assets −0.89 ***
(−2.38)

−0.84 *
(−2.27)

−0.82 **
(−2.24)

Intercept −0.49 **
(−1.97)

−0.51 **
(−1.98)

−0.54 **
(−2.12)

Number 141 141 141

T-statistics are in parentheses. ***, **, and * are significant at 1, 5, and 10%, respectively.

4.3. Robustness Testing

We adopted an instrumental variable approach to examine the robustness of our
findings. It provided the evidence to support the hypotheses that changes in financial
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leverage lead to changes in R&D competition not contaminated by endogeneity bias [39].
To implement this process, we first identified these related instrument variables to test the
propensity of raising financing. In this aspect, the decision of firms’ debt financing was
obviously influenced by the financial leverage of industrial peers in the same industry [40].
Thus, it was a good proxy for firms to adopt the average of industrial leverage as the differ-
ence in leverage. Second, this study constructed a competitive strategy measure (CSM) to
run the model on the basis of [41]. It was defined as the response of the change in marginal
profits relative to output, compared with a change in competitor outputs. This concept
measured the effect of differences in quantity on marginal profit in the industry. We used
the model of instrumental variables in accordance with these studies [2,7,14,15,19,38,41] to
measure the relationship between R&D and leverage as follows:

R&Dit = β0t+β1tPredicted probability of increasing leveragei
+β2tlog(H index)i+β3tNumber of firms in the industryi
+β4tMarket share of sample firmi+β5tIndustrial modified amount of R&D−1i
+β6tIndustrial modified growth ratio of firm assets from year − 1 to year ti+εit,

(6)

We defined industrial modified difference in R&D investments as the dependent
variable. The industrial modified difference was equal to the unmodified change of the
sample firm minus the average in the unmodified change of the others in the industry. The
unmodified difference was equal to the change in R&D expenditures from year [−1, 0]
divided by firm assets in year −1. In particular, the predicted probability of increasing
leverage was from the logistic regression according to [41] as follows:

Ddebtit = β0t + β1tAverage in leveragei + β2tCSMi + εit, (7)

Ddebt took a value equal to 1 in case of increases in leverage, and zero otherwise.
We named the average industrial leverage as average in leverage. CSM was the proxy of
strategic market competition. These standard errors of the coefficient were estimated in
this procedure due to heteroscedasticity [37].

The parameter estimates of Equation (7) are as follows: The coefficient of average
in leverage is significantly positive, and it is related to the probability of raising leverage
(p < 0.01). The coefficient of CSM is also significantly negative (p < 0.01). This is consistent
with the concept of strategic market competition.

We present the results of instrumental variable analysis in Table 6. The coefficients
about the predicted probability of increasing leverage are significantly positive in these
three models. The results provide strong evidence to support the contention that the
manager likely raises the level of debt financing to be consistent with the increase invested
in R&D.

Table 6. Instrumental variable analysis.

2 Year Period:
Year [−1, 0]

3 Year Period:
Year [−1, 1]

4 Year Period:
Year [−1, 2]

Predicted probability of increasing leverage 0.13 **
(2.50)

0.15 **
(2.51)

0.16 **
(2.65)

Log(H index) 0.02
(0.27)

0.02
(0.28)

0.02
(0.28)

Number of firms in the industry 0.02
(0.13)

0.03 *
(2.03)

0.03 *
(1.77)
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Table 6. Cont.

2 Year Period:
Year [−1, 0]

3 Year Period:
Year [−1, 1]

4 Year Period:
Year [−1, 2]

Market share 0.02
(0.34)

0.02
(0.39)

0.01
(0.39)

Industrial modified amount of R&D−1
0.36 **
(2.51)

0.42 **
(2.58)

0.49 **
(2.61)

Industrial modified growth ratio of firm assets 0.22 **
(2.41)

0.33 **
(2.52)

0.37 **
(2.66)

Intercept −0.88
(−0.33)

−0.82
(−0.33)

−0.81
(−0.34)

Adjusted R2 (%) 13.12 13.17 13.20
Number 215 215 215

T-statistics are in parentheses. ** and * are significant at 1 and 5%, respectively.

5. Implications

This study makes several contributions to the academic literature and has manage-
rial implications. First, this article investigates the impact of financial leverage on R&D
investments from a new perspective. The previous literature explored the effect of financial
leverage on R&D expenditure from the perspectives of transaction cost [7,14,23], agency
theory [18,26], information asymmetry [19], and so forth. We adopted a theoretical view of
the competitive behavior in the product market to re-examine the puzzle. This is the first
time that this unique perspective has been considered in the academic literature.

Second, the prior literature mostly concentrated on the “static” relationship between
the level of financial leverage and the level of R&D expenditure [20,42]. We provided the
“dynamic” change value of these two variables. Our results show that firms successfully
launch cross-listing to enhance debt financing for R&D funding compared with the period
before cross-listing. This finding inspires the firms to be eager for R&D investment in a
new viable path.

Finally, we analyzed this issue by using a unique sample: international businesses
cross-listing in the U.S. stock market. Previous studies thought that firms make cross-
listings to obtain more financial resources [4,27,28]. This research finds that cross-listing
activities can positively improve the growth and value of firms. Particularly, it considers
that under the strict regulation of the SEC, a successful cross-listing can significantly raise
a firm’s reputation and provide a way to approach the stock market in the U.S. [12,13].
Thus, it can improve shareholder protection and liquidity so that firms can develop their
debt capacity. This means firms can increase debt financing and leverage to increase
R&D investments.

6. Conclusions

An important strategy for corporate sustainability is R&D investments. This study is
concerned with the event of cross-listing, and this affects the decisions of both financial
leverage and R&D investments. This article chooses a competitive perspective to address
this issue. It provides empirical evidence that the cross-listing event has significant impacts
on financial leverage and R&D expenditure.

There are some findings in this study. First, we find that the foreign firms who
undertook cross-listings in the U.S. stock exchanges on average significantly increased their
debt financing. Second, we find that cross-listing firms take advantage of the reputation
brought about by successful ADR issue to increase their financial leverage ratio to an even
higher proportion than before the ADR issue. Finally, we find that the aggressive R&D
financing strategy of cross-listing firms arouses a contagion effect to make industrial rival
firms raise their R&D investments in response significantly.
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