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This study investigates whether short selling, as a market mechanism, has a disciplining
function for firms’ investment efficiency, measured through the association between cap-
ital investment and future cash flows. Using a sample of large Australian listed firms, we
find that short-selling activities improve the positive relationship between capital invest-
ment and future cash flow and that this effect is mainly driven by firms with a risk man-
agement committee (RMC). Additional analyses show that the disciplining function of
short selling for firms’ investment efficiency varies with (i) the level of firms’ financial con-
straints, (ii) firms’ life cycle or (iii) CEO share incentives. The main results are robust to a
batch of endogeneity tests to address the potential self-selection bias and the concern
about reverse causality.

� 2020 Elsevier Ltd. All rights reserved.
1. Introduction

This study investigates whether short sales serve as an external disciplinary mechanism enhancing firms’ capital invest-
ment and future cash flow relationship. Our study is motivated by the recent short-selling literature expanding the role of
short sellers’ information discovery in secondary stock markets to their effects on firms’ real economic decisions. With
respect to short selling’s effect on investment and financing activities, studies provide mixed findings. On the one hand,
the disciplining hypothesis argues that short selling enhances the quality, efficiency and originality of corporate innovation,
because short-selling threats (not necessarily actual actions) motivate managers to maximise firm value by investing in
innovative projects (He and Tian, 2015). Short selling also disciplines managers’ merger and acquisition (M&A) decisions,
preventing them from making value-destroying acquisitions (Chang et al., 2019). Moreover, Hu et al. (2019) report that lift-
ing the short-selling ban, and the resultant increase in short-selling interests, in China has led firms to experience a lower
cost of equity, to conduct less earnings management, to enjoy higher market liquidity and to reduce inefficient investment.

On the other hand, the stock price pressure hypothesis postulates a restrictive effect of short selling on corporate invest-
ment. Gilchrist et al. (2005) find that short-selling constraints lead to stock market bubbles, which allow managers to issue
new shares at inflated prices, resulting in increases in real investment. On the contrary, the removal of short-selling con-
straints owing to Regulation SHO in the US results in an increase in short-selling activity and an ensuing decrease in share
prices. Grullon et al. (2015) show that the lower share price in turn leads to a cut in ordinary capital expenditures in small
and financially constrained firms.
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Taken together, whether short-selling threats are conducive to corporate investment remains a contentious and unre-
solved research issue. It is unclear from the findings of Gilchrist et al. (2005) and Grullon et al. (2015) whether the reduced
investment is a justifiable decision based on the low projected cash flow in the future or merely a result of financial con-
straints resulting from the stock price pressure associated with short selling. Arguably, if share sellers are efficient informa-
tion users, and thus discipline managers to enhance the investment–future cash flow association, a reduction in unprofitable
investments will be a manifestation of short selling’s disciplining function.

Motivated by this controversy, we directly test whether short selling disciplines firms’ investment efficiency by improv-
ing the association between capital expenditures and future cash flows. We focus on conventional investment, that is, capital
expenditures, because it is an important factor in stock valuation (Zhang, 2000) and it is often used by investors to gauge
firms’ growth. If a firm’s investment is efficient, its contemporaneous capital investment should be predictive of the future
cash flow. We also investigate whether a risk management committee (RMC) facilitates the effect of short selling on invest-
ment efficiency and whether the disciplining effect of short selling is conditional on a firm’s financial constraints, life cycle,
and the CEO’s share incentives, measured as CEO share options.

Using sample firms listed on the Australian Stock Exchange over the period 2010–2017, our findings reveal that short sell-
ing improves the positive relationship between the capital investment and future cash flow, and this effect is driven by firms
that have established an RMC. Meanwhile, the analysis demonstrates that the positive effect of short selling on the future
cash flow predictability of capital investment is only significant in firms with severe financial constraints. As far as the busi-
ness life cycle is concerned, we reveal that the monitoring effect of short selling on investment efficiency is more discernible
when firms are in the introduction and decline stages — presumably due to the high level of information asymmetry asso-
ciated with investment and divestment in these stages. Additionally, the positive effect of short selling is more prominent in
firms in which the CEO has a high level of share options. To alleviate the concern about endogeneity caused by self-selection
and reverse causality, we conduct robustness tests using the propensity score matching (PSM) methodology, two-stage least
squares (2SLS) analysis and the Heckman two-stage regression. The results are consistent with our propositions.

This study makes several contributions regarding the following aspects. First, we posit that and test whether short selling,
as a market monitoring mechanism, aligns the association between firms’ capital expenditures and future cash flow. The
findings highlight the real economic effect of short selling on corporate decision making. Second, our investigation focuses
on the association between capital investment and future cash flows rather than the magnitude of investment, and thus we
intend to reconcile the controversy about whether short selling is conducive to corporate investment, as revealed in prior
studies. Meanwhile, our finding of an RMC as a condition of short selling’s beneficial effect on firms’ investment decisions
highlights that managers employ RMCs effectively to manage the risk associated with short selling and to enhance their
investment efficiency — a finding that justifies regulators’ recommendation to establish a functional RMC. Therefore, our
study has policy implications. Lastly, the additional analyses of financial constraints, the business life cycle and CEO share
incentives shed light on the conditions in which firms are more concerned about short-selling activities and thereby more
likely to be disciplined on managerial investment decisions.

The rest of the paper is organised as follows. Section 2 discusses the related literature and develops testable hypotheses.
Section 3 describes our sample section and research design. Section 4 presents the empirical results. Section 5 concludes the
paper, reiterating the contributions of the study.
2. Literature background and development of the hypotheses

2.1. Literature background

The burgeoning finance and accounting literature intends to answer an important research question regarding whether
real sectors learn from financial markets. The finance literature suggests informational feedback effects of financial markets,
demonstrating that corporate managers learn from the implications of financial prices and use the inferences for their real
economic decision making.1 Goldstein et al. (2013) and Sockin and Xiong (2015) develop model frameworks, showing analyt-
ically how prices in the secondary financial market aggregate the dispersed information of speculators and guide firms’ man-
agers or investors to make better real investment decisions. Following this line of theoretical inquiry, the recent short-selling
literature makes strides in providing empirical evidence on how short sellers, as a secondary market mechanism, influence cor-
porate real decisions and financial reporting.

Short sellers sell securities that they do not own but rather borrow from a broker. Short sellers profit from the trading
strategy of ‘selling high and buying low’. When the share prices drop later, short sellers buy back the security and return
it to the broker from whom the security was originally borrowed. Therefore, the profit from this strategy depends on
whether the short seller can buy back the shares at a lower price.2 Motivated by arbitrage gains, short sellers actively search
for price-sensitive information and analyse firms’ operation, financial position and performance. Through in-depth research,
short sellers become one type of the most sophisticated investors in the secondary markets. Studies reveal short sellers’ price
discovery abilities and highlight their superior capabilities to exploit public and, presumably, private information to facilitate
1 See Bond et al. (2012) for an extensive survey of this literature.
2 In one of the early studies on short sales, Seneca (1967) views short sales as a predictor rather than a causal variable of the stock price.
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their financial statement analysis and stock valuation (Ackert and Athanassakos, 2005; Aitken et al., 1998; Akbas et al., 2017;
Asquith et al., 2005; Au et al., 2009; Boehmer et al., 2008; Chang et al., 2014; Desai et al., 2002; Diether et al., 2009; Duffie et al.,
2002; Engelberg et al., 2012). Consequently, short sellers are vigilant about important announcements of corporate decisions
and should be well informed about the business strategies and investment decisions of the stocks that they follow.

Because of the information-processing expertise that short sellers have developed, their vigilance regarding corporate
‘bad news’ and misconduct serves as a warning and deterrence for managers. A strand of the short-selling literature demon-
strates that managers, being aware of the share price implication of short-selling activities, tend to enhance firms’ financial
reporting quality and modify corporate disclosures as if they understand the consequences of misconduct. Drake et al. (2015)
report that firms that are followed by short sellers improve the informativeness of their stock prices with respect to future
earnings. The positive effect of short selling is stronger in firms with a weaker information environment, high valuation
uncertainty and high expected future earnings growth (as a proxy for current overvaluation). Using firm-level short-
selling data for 33 countries collected over a sample period from 2002 to 2009, Massa et al. (2015) document a significantly
negative relationship between the threat of short selling and earnings management (proxied by accrual earnings manage-
ment). The evidence is consistent with the disciplining hypothesis, because short sellers are sophisticated traders and are
skilled at uncovering managerial misconduct. Using data from 22 countries between 2003 and 2015, Jiang et al. (2019) show
that the short-selling threat constrains real earnings management, a finding that is primarily driven by firms operating in
countries with weak shareholder protection. Furthermore, firms with great short-selling potential substitute accrual earn-
ings management with real earnings management.

Using Reg. SHO as an exogenous shock, Fang et al. (2016) document that pilot firms with the short-selling ban removed
exhibited less earnings management during the pilot period than non-pilot firms. Using China’s short-selling pilot pro-
gramme as an experimental setting, Jin et al. (2018) find that pilot firms that are eligible for short selling have significantly
increased their conditional accounting conservatism. Similarly, Young (2016) documents an adverse effect of reducing the
short-selling constraints in the US, revealing a reduction in conditional conservatism among pilot firms compared with
non-pilot firms from pre- to post-Reg. SHO.

A few studies focus on how short sales shape firms’ disclosure decisions. Li and Zhang (2015) predict that managers of
pilot firms during Reg. SHO will reduce the precision of short-run bad news forecasts to maintain the current level of stock
prices. The results indeed show that the pilot firms reduced their bad news forecast precision by about 17 per cent relative to
the control group upon the adoption of Reg. SHO. However, Clinch et al. (2019) find that, relative to control firms, pilot firms
increase the likelihood of voluntary bad news management forecasts, provide these forecasts in a timelier manner and accel-
erate the release of bad quarterly earnings news.3 Chen et al. (2020) extend the work of Li and Zhang (2015) by investigating
whether managers strategically enhance long-run forecasts to discourage short sellers, because holding the position for a long
time is costly and risky for short sellers. Chen et al. (2020) predict that pilot firms will increase good news disclosures to mit-
igate the downward pressure on stock prices because of the increased short-selling threat, and they find evidence consistent
with this hypothesis.

Beyond corporate financial reporting and disclosures, the extant literature also considers how short selling serves as an
external governance agent influencing corporate dividend payouts, tax avoidance, CEO hiring decisions and the design of
executive compensation contracts and governance policies as well as investments. Chen et al. (2019) provide causal evidence
that managers reduce cash dividends (but not stock repurchases) as a reaction to the removal of the short-selling constraint
implemented by Reg. SHO. Guo et al. (2018) find that firms engage less in corporate tax avoidance strategies when the short-
interest levels are high, because a high level of tax avoidance is likely to signal bad news, which might prompt short sellers to
take a short position in such firms. De Angelis et al. (2017) find that firms with increased short-selling pressure due to Reg.
SHO are likely to grant relatively more stock options to top executives and adopt new anti-takeover provisions. In relation to
corporate investment, a few studies are more closely related to our study, as aforementioned, including short sellers prevent-
ing firms from making value-destroying M&A decisions (Chang et al., 2019); reducing the cost of equity, earnings manage-
ment and inefficient investment while increasing the market liquidity (Hu et al., 2019); and improving innovation efficiency
(He and Tian, 2015). However, other studies report somewhat contradictory findings. For instance, Gilchrist et al. (2005) find
the short-selling constraint to be beneficial, resulting in an increase in real investment. Grullon et al. (2015) show that the
lower share price due to short-selling activities leads to a cut in ordinary capital expenditures for small and financially con-
strained firms.
2.2. Short selling in Australia and development of the hypotheses

Australian financial regulators have banned naked short selling permanently. In addition, during the Global Financial Cri-
sis, exchange regulators imposed a temporary ban on covered short selling for non-financial stocks (from 21 October 2008 to
19 November 2008) and for financial stocks (from 21 October 2008 to 25 May 2009). Meanwhile, a new reporting regime was
introduced to increase the transparency of short-selling activities, requiring firms to report (a) short-sale transactions and
(b) short positions (Comerton-Forde et al., 2016). Specifically, the Government passed the Corporations Amendment (Short
3 Clinch et al. (2019) state that the inconsistent results can be attributed to the inclusion of prior forecasting behaviour as a control variable (p. 13), a variable
that is not included by Li and Zhang (2015).
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Selling) Act 2008 to regulate short-sale transaction reporting. It requires brokers, at the close of each day’s trading, or by 9 a.
m. the following day at the latest, to report the total number of shares sold short for each security to the Australian Securities
Exchange (ASX). The aggregate short volume for each security is published on the ASX website the following day in the form
of ‘gross short sales reports’.

After extensive consultation, the Corporations Amendment (Short Selling) Act 2008 was extended to include daily short
position reporting in June 2010. The new addition requires short sellers to report their short position to the Australian Secu-
rities and Investments Commission (ASIC) within three business days of trade and each day thereafter until the position is
covered.4 Then, the ASIC aggregates individual short positions by security and makes them publicly available the day after they
are reported in the form of ‘short position reports’.5 Taken together, the Australian regulator mandates daily reporting and dis-
closure of both short flow and short interest at the individual stock level. The disclosure requirement and archival data provide
good opportunities to study the real effect of short-selling activities in Australia.

Aitken et al. (1998), in an early study on short selling in Australia, find that short sales cause a torpedo effect, because
short selling is immediate bad news and results in a price plunge. The finding suggests a strong and negative market reaction
to short-selling activities in the Australian market. Comerton-Forde et al. (2016) show that, while a short flow is strongly
related to recent stock returns and a buy-order imbalance and short interest is related to the mispricing of firm fundamen-
tals, both anticipate and react to price-relevant announcements. Thus, ‘the distinct differences in the two short-selling met-
rics provide an economic rationale for both the unique ability of each metric to predict returns and the future horizons over
which the information is relevant’ (Comerton-Forde et al., 2016, p. 188).

We predict that short selling improves firms’ investment efficiency, specifically enhancing the association between cap-
ital investment and future cash flows, for the following reasons. First, the reviewed studies suggest that short sales effec-
tively shape firms’ financial reporting, disclosure and other operational decisions. The discipline takes place because
managers perceive the scrutiny of short sellers and modify their actions accordingly. The disciplining function of short selling
will effectively curb managerial agent problems, including but not limited to empire building by investing in projects with
negative present value or managerial slack by shunning those profitable but risky projects. Consequently, firms that are fol-
lowed by short sellers are more likely to invest in projects with substantial future cash flows.

Short selling can also strengthen the future cash flow predictability of capital investment because of the reduced infor-
mation asymmetry resulting from short sellers’ information gathering and dissemination in the secondary market. Informa-
tion asymmetry is lowered because stock prices are more accurate when short selling is active (e.g. Boehmer et al., 2008;
Boehmer and Wu, 2013; Bris et al., 2007; Chang et al., 2014, 2013; Christophe et al., 2004; Dechow et al., 2001; Diamond
and Verrecchia, 1987; Diether et al., 2009; Jones and Lamont, 2002). A great short volume also ameliorates post-earnings
announcement drift (PEAD); that is, firms with high short interest experience smaller abnormal returns relative to firms with
low short interest post-earnings announcements (e.g. Boehmer and Wu, 2013; Fang et al., 2016). Using cross-country data,
Daouk et al. (2006) find that a high governance index, including an element of relaxation of short-selling restrictions, is asso-
ciated with increased stock liquidity, a decreased cost of capital in the global market, reduced price synchronicity and IPO
underpricing. Therefore, we posit that the information transparency, great stock liquidity and improved financial reporting
quality resulting from short selling facilitate investors’ evaluation of a firm’s investment opportunities. As a result, investors
are more likely to supply capital to the projects that have the maximum net present value based on the predicted future cash
flows and tend to avoid the unprofitable ones.

Additionally, short selling plays a positive role in prompting managers to align their capital investment with the future
cash flow, because managers’ personal interest is at stake when their firm’s stocks are facing short-selling threats. Short-
selling activities send a negative signal to the market, exerting downward pressure on the stock price (e.g. Allen and
Gale, 1992; Goldstein and Guembel, 2008), which can incur significant personal costs for managers because their compen-
sation, reputation and job security are tied to the firm’s stock performance. It is reported that reputational and monetary
losses entice managers to be more self-disciplined, resulting in greater investment efficiency (Grullon et al., 2015). Therefore,
in anticipation of the adverse ‘snowball effect’ of short-selling activities, we posit that managers discipline themselves ex
ante to choose projects that can maximise the future firm value.

Although short sellers have a disciplining effect on firms’ investment efficiency, we acknowledge that the tremendous
price pressure of short selling on firms’ stock may entice managers to adopt myopic behaviour, manifested as cutting invest-
ments with long payback periods and/or risky projects with high potential returns. If this occurs, the pressure hypothesis
predicts a negative effect of short selling on the amount of investment. Unlike prior studies on short selling and the amount
of corporate investment, we focus on the association between capital investment and future cash flows and posit that the
4 A threshold applies, which means that only short positions of more than AUD 100,000 or 0.01 per cent of the total shares on issue must be disclosed.
5 The implementation of short transaction reporting was challenged by the problem of under-reporting in the early years from 2010 to 2012, as the ASIC

notes that about 60 per cent of brokers had difficulty complying with the reporting obligations. Given the practical difficulty in the early years, the ASIC took a
non-action position towards noncompliance until 31 December 2011 (Comerton-Forde et al., 2016). To address the possible bias introduced by the
noncompliance period, we conduct a sensitivity test, excluding the 2010 and 2011 financial years from our observations. The results are consistent with our
main findings. Hence, we infer that our results are free of possible bias due to the noncompliance in early years.
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effective governance function imposed by short selling results in an enhanced association between capital investment and
future cash flows regardless of the amount of the investment, because managers devote more resources and effort to high
value-creating projects. This proposition is stated in the following hypothesis.

H1: Short selling improves the positive relationship between firms’ capital investment and future cash flow.
In 2003, the Australian Securities Exchange Corporate Governance Council (ASXCGC) introduced the Corporate Governance

Principles and Recommendations (CGPR), encouraging listed firms to establish an RMC and providing detailed guidelines. Since
then, a few amendments have been made, in 2007, 2010 and 2014 (Australian Security Exchange Corporate Governance
Council, 2007, 2010, 2014). An RMC is a subcommittee of the board of directors established to set the risk appetite for
the entity, to oversee the risk management framework and to monitor risk management on an ongoing basis (Australian
Security Exchange Corporate Governance Council, 2014). The purpose of establishing an RMC is to conduct Enterprise Risk
Management (ERM) at the entity level following a holistic approach. The ASXCGC’s recommendation about RMCs is volun-
tary in nature — all listed firms should disclose whether they have established an RMC and, if not, they should provide a ‘why
not’ explanation. As the result of regulators’ continuous endeavour and firms’ increasing awareness of the importance of risk
management, recent years have witnessed an increase in the number of listed firms to establish a formal RMC or appoint a
director(s) to perform the RMC’s responsibilities.

We conjecture that the positive effect of short selling on the investment efficiency as proposed in H1 is more pronounced
in firms with an RMC. Short-selling pressure brings about great risks to managers’ decisions and firms’ stock value because of
the increased scrutiny imposed by short sellers. Effective risk management at the entity level can enhance firms’ ability to
anticipate, identify and respond to risks and thus mitigate the negative aspects of risks and sustain firms’ performance
(COSO, 2017). In the presence of short-selling threats, an effective RMC may facilitate managers to perceive the potential
risks of their investment decisions on the stock value and to align firms’ capital investment with the future cash flow. Taken
together, we argue that the positive effect of short selling on the future cash flow predictability of capital investment is more
pronounced in firms with a well-functioning RMC, as conjectured in the following hypothesis.

H2: The positive effect of short selling on the capital investment–future cash flow association is more pronounced in firms
with an RMC than in those without one.

3. Methodology

3.1. Research design and variables

To test Hypothesis 1, we employ the following regression equation:
OCFj;tþ1 ¼ a0 þ a1SF=SIj;t � CAPEXPj;t þ a2SF=SIj;t þ a3CAPEXPj;t þ Xj;i;t þ ej;tþ1 ð1Þ

where the dependent variable is the future operating cash flow (OCF) in year t + 1. Following the short-selling study using
Australian data conducted by Comerton-Forde et al. (2016), we measure short selling with two alternative measures, namely
the short flow ratio (SF), measured as the average short-sale volume divided by the average trading volume, and the short
position ratio (SI), which is the ratio of the average number of shares sold short to the average number of shares outstanding.
The former measure, SF, focuses on the short activities that have been undertaken, whereas the latter measure, SI, proxies for
short interests. The short transaction and short position data are obtained from the ASX and ASIC websites, respectively.

Capital investment (CAPEXP) is the amount of capital expenditures retrieved from the Statement of Cash Flow and is
deflated by the total assets. We expect the coefficient, a1, to be positive and significant if H1 is supported. We also control
for a set of variables, Xi, to capture firm-specific characteristics that may affect future cash flows based on the prior literature
(e.g. Farshadfar and Monem, 2013; Farshadfar et al., 2019; Hsu et al., 2015; Lara et al., 2016; Lys et al., 2015; Sinnewe et al.,
2017). The control variables comprise the operating cash flow in the current period (CFO), cash flow volatility (CVOL) mea-
sured as the standard deviation of the operating cash flow over the past three years, firm size (SIZE), growth opportunity
(MTB), leverage (LEV), dividend payout (DVD), loss (LOSS), total accruals (ACCRUAL), board size (BSIZE) and board indepen-
dence (BINDP). All the financial and stock information other than share-selling data are retrieved from SIRCA and
Morningstar.

We then modify Eq. (1) to test H20s proposition that the short selling’s effect on the capital investment–future cash flow
association is more pronounced for firms with an RMC than in those without one. The model specification is:
OCFj;tþ1 ¼ b0 þ b1SF=SIj;t � RMCj;t � CAPEXPj;t þ b2SF=SIj;t � CAPEXPj;t þ b3SF=SIj;t � RMCj;t þ b4RMCj;t � CAPEXPj;t

þ b5SF=SIj;t þ b6RMCj;t þ b7CAPEXPj;t þ Xj;i;t þ ej;tþ1 ð2Þ

where RMC is a dummy variable taking the value one if a firm has established an RMC, and zero otherwise. Eq. (2) includes a
three-way interaction, SF=SIj;t � RMCj;t � CAPEXPj;t , to capture the conditional effect of an RMC. A positive and significant coef-
ficient b1 will lend support to H2, confirming a more pronounced positive effect of short selling on investment efficiency for
firms with an RMC in comparison to those without one. In addition to the analysis using Eq. (2), we estimate Eq. (1) using
subsamples of firm-year observations with and without an RMC to compare and contrast the coefficient, a1, between the two
subsamples. We expect to see a more positive a1 for the group of firm-year observations with an RMC than for its counter-
part observations without an RMC. For all the regression estimations, we control for industry and year fixed effects and clus-
5
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ter the standard errors by firms to control for potential heteroscedasticity and autocorrelation problems and to provide
robust standard error estimation with reliable t statistics (Petersen, 2009; Gow et al., 2010).6

The additional tests on the conditions of the short-selling effect on investment efficiency focus on three main variables,
specifically financial constraints, the life cycle of the business and CEO share incentives. We estimate Eq. (1) and Eq. (2)
respectively for subsamples divided based on the median of financial constraints, four different stages of the life cycle
and the median of CEO share incentives. Appendix A provides the definitions of all the variables used in the study.
3.2. Sample and descriptive statistics

We sample from the listed firms included in the ASX 300 index over the period from 2010 to 2017 for our analysis,
because ASX 300 is designed to provide investors with broader exposure to the Australian equity market. The index covers
the large-cap, mid-cap and small-cap components of the ASX Index Series and occupies approximately 85 per cent of Aus-
tralian equity market capitalisation (ASX, 2017), making it highly representative of all Australian listed firms. In addition,
Comerton-Forde et al. (2016) show that shorting is virtually non-existent outside the 200 largest stocks in Australia. Finan-
cial firms are excluded from our sample due to their stringent regulation requirements, unique financing and capital struc-
ture. The sample period starts in 2010, because Australia implemented a mandatory disclosure regime that encompasses
both short flow and short interest in mid-2010. From then on, the data at the individual stock level have been reported
to regulators on a daily basis. Financial data are retrieved from Thomson Reuters and the Morningstar database. We start
with 2400 firm-year observations of the top 300 ASX listed firms over the period of 2010–2017. After deleting 246 observa-
tions with missing short-selling data, 81 observations from the real estate investment industry and a further 455 observa-
tions with missing control variables, 1618 sample observations are retained for analysis. Panel A of Table 1 illustrates the
data selection procedure.

Panel B of Table 1 presents the descriptive statistics for the variables used in the regression analyses. The mean (median)
values of OCFt+1 are 0.09 (0.07), respectively. The short-selling measure, SF, is 0.21, suggesting that the short-selling volume
accounts for 21 per cent of the average trading volume on average, whereas the alternative measure of the short-selling posi-
tion, SI, suggests that the short position normally represents only 4 per cent of the total outstanding shares (mean = 0.04).
Both statistics are comparable with those reported by Comerton-Forde et al. (2016). Capital expenditure (CAPEXP) accounts
for about 6 per cent of the total assets on average, and 80 per cent of firm-years have established an RMC (mean = 0.80). In
addition, the size of the sample firms tends to be large (mean of SIZE = 21.34), because the sample firms are selected from the
ASX 300. The statistics also show that about 65 per cent of board members are independent (mean of BINDP = 0.65), and
there are approximately 8 board members (mean of BSIZE = 7.84). The total liability is about 46 per cent of the total assets
(mean of LEV = 0.46). Sample firms pay a dividend of about a 23 cents per share for every dollar of earnings (mean of
DVD = 0.23).

Panel C of Table 1 reports the correlation matrix among the variables. The two short-selling measures, SF and SI, are cor-
related with one another positively and significantly (correlation of 0.609, p < 0.01). The correlations between the short-
selling measures and the OCFt+1 is inconclusive. Meanwhile, the correlation between the short-selling measures and the cap-
ital expenditures (CAPEXP) is also inconclusive, with a correlation of 0.079 and p < 0.01 for SF, but the correlation is insignif-
icant when SI is used as the short-selling measure. Furthermore, large firms tend to have more short-selling activities
(correlations of 0.488 and 0.280 for the SF and SI measures, p < 0.01, respectively). However, the univariate correlation does
not show definitive relationships, because our research interest is in the effect of short selling on the capital investment and
future cash flow association. Furthermore, the correlation analysis does not control for other related independent variables
that affect future cash flows. We therefore further conduct multivariate regression analysis.
4. Main results

4.1. The effect of short selling on the capital investment–future cash flow association

Table 2 reports the results of the Eq. (1) regression analysis. The results show that both short-selling measures, SF and SI,
have a positive and significant effect on the capital expenditures (CAPEXP) and future cash flow (OCFtþ1) association, evi-
denced by the positive and significant coefficient on SF*CAPEXP (SI*CAPEXP) (coefficients 0.214 and 0.033, t-stat. 1.98 and
1.68, p < 0.05 and 0.10, respectively). With respect to the control variables, the results show that OCFt is positively and sig-
nificantly associated with OCFj;tþ1; in addition, leverage (LEV) and loss (LOSS) tend to have a negative effect on future cash
flows. Hence, the baseline regressions provide supportive evidence to H1, suggesting that short selling has an incremental
effect on the positive association between contemporaneous capital investment and future cash flows.
6 We have further conducted tests using firm fixed effects and have found qualitatively consistent results and implications.
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Table 1
Sample selection and descriptive statistics.

Panel A: Sample selection procedure

Observations

ASX 300 firms from 2010 to 2017 2400
LESS: missing short selling and short position data (246)
LESS: firms in an REIT (real estate investment trust) (81)
LESS: missing data (455)
Firm-year observations for Eq. (1) analysis 1618

Panel B: Descriptive statistics

Variable N Mean Std Dev. Q1 Median Q3

SF 1618 0.21 0.10 0.13 0.20 0.27
SI 1618 0.04 0.10 0.00 0.01 0.04
OCFt+1 1618 0.09 0.13 0.03 0.07 0.13
CAPEXP 1618 0.06 0.09 0.01 0.04 0.08
RMC 1185 0.80 0.40 1.00 1.00 1.00
CVOL 1618 0.03 0.05 0.01 0.02 0.04
SIZE 1618 21.34 1.35 20.29 21.09 22.16
BINDP 1618 0.65 0.19 0.33 0.67 0.80
BSIZE 1618 7.84 2.27 6.00 8.00 9.00
MTB 1618 2.74 2.75 1.13 1.79 3.02
LEV 1618 0.46 0.22 0.33 0.45 0.58
DVD 1618 0.23 0.32 0.01 0.52 0.52
LOSS 1618 0.64 0.48 0.00 1.00 1.00
ACCRUAL 1618 0.06 0.14 0.00 0.00 0.10
Panel C: Correlation matrix

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14)

(1) OCFt+1 1
(2) SF 0.018 1
(3) SI �0.072*** 0.609*** 1
(4) CAPEXP 0.183*** 0.079*** �0.013 1
(5) RMC �0.012 0.172*** 0.165*** 0.165*** 1
(6) CVOL 0.006 0.001 �0.023 �0.029 �0.010 1
(7) SIZE 0.031 0.488*** 0.280*** �0.159*** 0.237*** �0.029 1
(8) BSIZE �0.109 0.263 0.209 0.127*** 0.205*** �0.031 0.544*** 1
(9) BINDEP �0.029 0.179*** 0.127*** 0.051** 0.027 �0.043* 0.286*** 0.030 1
(10) LEV �0.022 0.166*** 0.076*** �0.166*** 0.203*** �0.057** �0.354*** 0.315*** 0.254*** 1
(11) MTB 0.043* �0.065*** �0.071*** 0.049** �0.026 0.068*** 0.044* �0.170*** �0.078*** �0.040* 1
(12) DVD 0.084*** 0.094*** 0.045 0.097*** 0.064** 0.025 0.264*** 0.124*** 0.128*** 0.192*** 0.006 1
(13) LOSS �0.221 �0.109*** 0.039 �0.123*** �0.088*** 0.004 �0.197*** �0.088*** �0.166*** 0.200*** �0.048** �0.213*** 1
(14) ACCRUAL 0.023 0.074 0.035 �0.054** �0.045** 0.061** 0.071*** 0.025 0.070 0.050** �0.076** 0.091*** �0.005 1

*, ** and *** represent statistical significance at p < 0.10, p < 0.05 and p < 0.01, respectively. The variables are defined in Appendix A.
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Table 2
Short selling, capital expenditures and future cash flows (Eq. (1)).

OCFj;tþ1 ¼ a0 þ a1SF=SIj;t � CAPEXPj;t þ a2SF=SIj;t þ a3CAPEXPj;t þ Xj;i;t þ ej;tþ1 (Eq. (1))
DV = OCFt+1 (1) (2)

Coefficient (t-stat.) Coefficient (t-stat.)

SFt*CAPEXPt 0.214** (1.98) —
SIt*CAPEXPt — 0.033* (1.68)
SFt �0.047 (�1.39) —
SIt — �0.003 (�1.19)
CAPEXPt 0.259*** (3.62) 0.001 (0.01)
OCFt 0.199*** (5.36) 0.264*** (7.17)
CVOLt 0.012 (0.95) 0.006 (0.49)
SIZEt 0.010* (1.65) 0.003 (0.54)
BSIZEt 0.035 (0.81) 0.001 (0.57)
BINDPt 0.004 (0.48) �0.008 (�0.97)
MTBt 0.002 (1.54) �0.001 (�0.23)
LEVt �0.069** (�2.40) �0.071** (�2.51)
DVDt 0.000 (0.24) 0.008 (1.30)
LOSSt �0.013* (�1.95) �0.010 (�1.19)
ACCRUALt 0.008 (0.53) 0.006 (0.44)
CONS �0.254* (�1.84) �0.084 (�0.66)
Year FE YES YES
Industry FE YES YES
N 1,618 1,618
Adj. R2 0.56 0.56

Continuous variables are winsorised at their 1st and 99th percentiles. ***, ** and * represent statistical significance at the 1%, 5% and 10% levels, respectively
(two-tailed test). The variables are defined in Appendix A.
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4.2. The effect of short-selling effect and RMC

We then estimate Eq. (2) to examine our H2, which conjectures a more pronounced positive effect of short selling on the
investment efficiency for firms with an RMC than those without one. We adopt two different approaches to the testing. Panel
A of Table 3 shows the results of panel data analysis using Eq. (2). The three-way interaction, SFt*RMCt*CAPEXPt, captures the
effect of short selling on investment efficiency in firms with an RMC. The regression results, presented in column (1), show a
positive and significant coefficient for SFt*RMCt*CAPEXPt, which lends support to H2, indicating an incremental effect of RMC
(coefficient 1.297, t-stat. 4.08, p < 0.01). The findings suggest that the short-selling effect improving the future cash flow pre-
dictability of capital investment is stronger in firms with an RMC than in those without one, showing the importance of an
RMC in enhancing investment efficiency as a reaction to short-selling pressure. Column (2) shows a similar finding for the
interactive term, SIt*RMCt*CAPEXPt (coefficient 0.176, t-stat. 2.02, p < 0.05). Meanwhile, the regressions control for all the
two-way interactions. Column (1) shows a positive and significant coefficient for RMCt*CAPEXPt (coefficient 0.377, t-stat.
4.28, p < 0.01), suggesting that an RMC is an effective governance mechanism aligning the capital investment and future cash
flow, regardless of the monitoring effect of short selling. However, the coefficient for RMCt*CAPEXPt in column (2) is positive
but insignificant.

Columns (1) and (2) show that the current year’s operating cash flows (OCFt) and firm size (SIZE) are positively related to
future cash flows, but corporate governance, board size (BSIZE) and board independence (BINDP) show a positive effect on
future cash flows either in column (1) or in column (2) when the short-selling measures are changed, providing somewhat
weak evidence on the beneficial effect of conventional mechanisms of corporate governance.

In addition to the analysis using Eq. (2), we estimate Eq. (1) using subsamples of firm-year observations with and without
an RMC to compare and contrast the coefficient, a1, between the two subsamples. We expect to see a more positive a1 for the
group of firm-year observations with an RMC than for its counterpart observations without an RMC. The analysis results,
reported in Panel B of Table 3, columns (1) and (2), show that the coefficients for SFt*CAPEXPt are positive and significant only
in the subsample of firms with an RMC and not in the sample of firms without an RMC (coefficients 1.216 vs �0.956, t-stat.
4.36, p < 0.01 vs t-stat. �1.54). Columns (3) and (4) report the analysis using SF as the measure of short selling. The coeffi-
cients for SFt*CAPEXPt show similar results to those in columns (1) and (2). Hence, the findings confirm H2.
4.3. Financial constraints, life cycle, CEO share incentives, and industry differences

We then add financial constraints as a moderator to see whether the relationship that we have found is more pronounced
in firms that are financially constrained. When firms are financially constrained, they are more vigilant about further invest-
ments, because financially constrained firms are more susceptible to bear raids (Goldstein et al., 2013) and should be more
concerned about the price pressure imposed by short selling. Hence, we argue that the proposed disciplining effect of short
selling on capital investment efficiency will be stronger in firms facing financial difficulties. To test this proposition, we mea-
sure the financial constraint as the size–age index (SA), following Hadlock and Pierce (2010). Specifically, we calculate the SA
8



Table 3
Short-selling effect on the capital expenditure–future cash flow association conditional on an RMC (Eq. (2)).

Panel A: Panel analysis using Eq. (2).
OCFj;tþ1 ¼ b0 þ b1SF=SIj;t � RMCj;t � CAPEXPj;t þ b2SF=SIj;t � CAPEXPj;t

þb3SF=SIj;t � RMCj;t þ b4RMCj;t � CAPEXPj;t þ b5SF=SIj;t þ b6RMCj;t þ b7CAPEXPj;t þ Xj;i;t þ ej;tþ1

(Eq. (2))

DV = OCFt+1 (1) (2)
Coefficient (t-stat.) Coefficient (t-stat.)

SFt*RMCt*CAPEXPt 1.297*** (4.08) —
SIt*RMCt*CAPEXPt — 0.176** (2.02)
SFt*CAPEXPt �0.011 (�0.22) —
SIt*CAPEXPt — �0.095 (�1.15)
SFt*RMCt 0.044 (0.74) —
SIt*RMCt — �0.090 (�1.20)
RMCt*CAPEXPt 0.377*** (4.28) 0.741 (1.56)
SFt �0.007 (�0.13) —
SIt — �0.007 (�1.19)
RMCt �0.016 (�1.17) �0.004 (�0.53)
CAPEXPt 0.109** (2.03) �0.612 (�1.31)
OCFt 0.714*** (31.86) 0.679*** (7.57)
CVOLt 0.013 (1.04) 0.008 (0.52)
SIZEt 0.008*** (2.80) 0.007*** (2.85)
BSIZEt 0.072** (2.11) 0.056 (1.51)
BINDPt �0.010 (�1.44) 0.019** (2.13)
MTBt 0.002*** (3.08) �0.002 (�0.59)
LEVt �0.010 (�0.62) �0.013 (�0.83)
DVDt 0.000 (0.36) 0.000 (0.27)
LOSSt �0.04 (�0.67) �0.011 (�1.21)
ACCRUALt 0.014 (1.01) 0.009 (0.85)
CONS �0.234*** (�2.73) �0.241** (�2.54)
Year FE YES YES
Industry FE YES YES
N 1,618 1,618
Adj. R2 0.56 0.58

Panel B: Subsample analysis for groups with and without an RMC (Eq. (1)).

DV = OCFt+1 (1) RMCt = 1 (2) RMCt = 0 DV = OCFt+1 (1) RMCt = 1 (2) RMCt = 0
Coefficient (t-stat.) Coefficient (t-stat.) Coefficient (t-stat.) Coefficient (t-stat.)

SFt*CAPEXPt 1.216*** (4.36) �0.956 (�1.54) SIt*CAPEXPt 0.071*** (3.96) �0.067 (�1.57)
CAPEXPt 0.471*** (6.95) �0.051 (�0.42) CAPEXPt 0.112 (1.36) 0.056** (2.43)
SFt 0.028(0.82) �0.245 (0.45) SIt 0.002 (0.15) �0.010 (�1.54)
Controls and constant YES YES Controls and constant YES YES
Year FE YES YES Year FE YES YES
Industry FE YES YES Industry FE YES YES
N 1,258 360 N 1,258 360
Adj. R2 0.53 0.63 Adj. R2 0.54 0.64

Continuous variables are winsorised at their 1st and 99th percentiles. ***, ** and * represent statistical significance at the 1%, 5% and 10% levels, respe ively (two-tailed test). The variables are defined in Appendix
A.
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Table 4
Conditional analysis for financial constraints.

Panel A: Eq. (1)

DV = OCFt+1 Highly financially
constrained firms

(2) Less financially
constrained firms

(3) Highly financially
constrained firms

(4) Less financially
constrained firms

Coefficient (t-stat.) Coefficient (t-stat.) Coefficient (t-stat.) Coefficient (t-stat.)

SFt*CAPEXPt 0.954** (2.57) �0.204 (�0.53) — —
SIt*CAPEXPt — — 0.009 (0.49) 0.021 (0.76)
Controls and

constant
YES YES YES YES

Year FE YES YES YES YES
Industry FE YES YES YES YES
N 851 767 851 767
Adj. R2 0.45 0.49 0.71 0.49

Panel B: Eq. (2)

Highly financially
constrained firms

(2) Less financially
constrained firms

(3) Highly financially
constrained firms

(4) Less financially
constrained firms

Coefficient (t-stat.) Coefficient (t-stat.) Coefficient (t-stat.) Coefficient (t-stat.)

SFt*RMCt*CAPEXPt 1.252*** (3.57) 1.115* (1.77) — —
SIt*RMCt*CAPEXPt — — 0.057*** (2.65) 0.039 (0.59)
Controls and

constant
YES YES YES YES

Year FE YES YES YES YES
Industry FE YES YES YES YES
N 851 767 851 767
Adj. R2 0.69 0.50 0.71 0.51

Continuous variables are winsorised at their 1st and 99th percentiles. ***, ** and * represent statistical significance at the 1%, 5% and 10% levels, respectively
(two-tailed test). The variables are defined in Appendix A.
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index for each firm-year observation as � 0.737*SIZE + 0.043*SIZE2 � 0.04*AGE, where AGE stands for firm age. The greater
the SA score is, the more severe the financial constraint is. Then, based on the median SA index, the full sample is partitioned
into less financially constrained and highly financially constrained subsamples for us to estimate Eqs. (1) and (2), respec-
tively. The results show that both the proposed relationships in H1 and H2 are stronger in firms with a high level of financial
constraints than in less financially constrained firms. We report two sections in Panel A of Table 4 for the testing of H1 and
H2, respectively. Panel A demonstrates that the coefficient for SF*CAPEXP, in column (1), is positive and significant for firm-
year observations in the highly constrained subsample. In contrast, the interactive term in column (2) is not statistically sig-
nificant in the analysis using the less financially constrained subsample. However, the results for SI*CAPEXP are inconclusive,
as shown in columns (3) and (4), showing insignificant coefficients for SI*CAPEXP in both subsamples with high and low
levels of financial constraint.

Panel B of Table 4 shows the Eq. (2) analysis results for both groups of high and low financial constraints. The results in
columns (1) and (3) show highly significant and positive coefficients for the three-way interactions in the group with high
financial constraints, suggesting that the positive effect of short selling on investment efficiency is more pronounced in firms
with an RMC, and that this finding is driven by firms facing financial constraints. The results may be explained by the propo-
sition that an RMC works more effectively in firms facing a high level of financial constraint and that vigilant monitoring
enhances firms’ ability to recognise market price pressure from short-selling activities and hence improve their investment
efficiency.

Additionally, we test whether the effect of short selling on firms’ investment efficiency varies when firms experience dif-
ferent stages of the life cycle. Businesses experience distinct phases during which different strategies and financial resources
are deployed. Research often focuses on five phases of the business life cycle, specifically introduction, growth, maturity,
shake-out and decline (Gort and Klepper, 1982). Dickinson (2011) finds that the life cycle explains firms’ profitability signif-
icantly even after controlling for the level and change in current profitability and growth in assets. Hence, life cycles may
provide a unique information set for market participants about future firm performance. Specifically, the life cycle determi-
nes firms’ investment activities. For instance, firms make pre-emptive investments in assets during the early life cycle stages
to deter the entry of potential competitors (Spence, 1977, 1979, 1981). In addition, the life cycle provides significant explana-
tory power for firms’ merger and acquisition (M&A) decisions, in that a more established firm in a later stage is more likely to
become a bidder (Owen and Yawson, 2010). Taken together, we posit that the effect of short selling on firms’ investment
efficiency may vary with their life cycle.

To measure the life cycle, we use the cash flow patterns of firms, following Dickinson (2011). Dickinson (2011) uses the
sign (positive or negative) of the net operating, investing and financing cash flows to recognise the possible cash flow pattern
combinations during different life cycle stages. Based on the combination, we classify each firm-year into one of the four life
cycle stages. Appendix B introduces the patterns of cash flows of each life cycle stage in detail. The analysis results reported
in Panel A of Table 5 show that, when SF is used as the proxy for short-selling activities, the effect on the capital investment–
10



Table 5
Conditional analysis for life cycle analysis.

Panel A: Eq. (1)

DV: OCFt+1 (1) Introduction (2) Growth (3) Mature (4) Decline
Coefficient (t-stat.) Coefficient (t-stat.) Coefficient (t-stat.) Coefficient (t-stat.)

SFt*CAPEXPt 1.027** (2.04) �0.530 (�1.24) �0.062 (�0.22) 0.190** (2.96)
Controls and constant YES YES YES YES
Year FE YES YES YES YES
Industry FE YES YES YES YES
N 123 482 761 31
Adj. R2 0.61 0.47 0.56 0.89

DV: OCFt+1 (1) Introduction (2) Growth (3) Mature (4) Decline
Coefficient (t-stat.) Coefficient (t-stat.) Coefficient (t-stat.) Coefficient (t-stat.)

SIt*CAPEXPt �0.154 (�0.21) 0.473 (1.37) �0.702 (�1.38) 0.478* (2.11)
Controls and constant YES YES YES YES
Year FE YES YES YES YES
Industry FE YES YES YES YES
N 123 482 761 31
Adj. R2 0.62 0.49 0.56 0.64

Panel B: Eq. (2).

DV: OCFt+1 (1) Introduction (2) Growth (3) Mature (4) Decline
Coefficient (t-stat.) Coefficient (t-stat.) Coefficient (t-stat.) Coefficient (t-stat.)

SFt*RMCt*CAPEXPt 0.334** (2.23) 0.126 (1.48) 0.041 (0.72) 0.421** (2.69)
Controls and constant YES YES YES YES
Year FE YES YES YES YES
Industry FE YES YES YES YES
N 123 482 761 31
Adj. R2 0.69 0.49 0.57 0.70

DV: OCFt+1 (1) Introduction (2) Growth (3) Mature (4) Decline
Coefficient (t-stat.) Coefficient (t-stat.) Coefficient (t-stat.) Coefficient (t-stat.)

SIt*RMCt*CAPEXPt 1.961*** (2.61) 1.160* (1.75) �0.723 (�0.46) 3.586* (1.85)
Controls and constant YES YES YES YES
Year FE YES YES YES YES
Industry FE YES YES YES YES
N 123 482 761 31
Adj. R2 0.69 0.51 0.56 0.69

Continuous variables are winsorised at their 1st and 99th percentiles. ***, ** and * represent statistical significance at the 1%, 5% and 10% levels, respectively
(two-tailed test). The variables are defined in Appendix A.
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future cash flow is significant during the introduction and decline phases of the life cycle (coefficients 1.027 and 0.190, t-stat.
2.04 and 2.96, p < 0.05, respectively). However, the effect is insignificant when firms are in the growth and mature phases.
When short selling is measured as SI, the positive effect of short selling is only marginally significant when firms are in the
decline phase (coefficient 0.478, t-stat. 2.11, p < 0.10). When H2 is tested in the context of the life cycle, the results, as shown
in Panel B, demonstrate that the positive effect of short selling on investment efficiency is more pronounced in firms with an
RMC, particularly when firms are experiencing the introduction and decline phases. The analyses using both SF and SI pro-
vide largely similar results.

Furthermore, we conduct an additional test to determine whether CEO share incentives align managers’ interest with
shareholders so that managers make more efficient investment decisions when the share price is under pressure in the pres-
ence of short-selling activities. De Angelis et al. (2017) investigate the managerial incentive contract design during the Reg.
SHO pilot programme. They demonstrate that firms with increased short-selling pressure are likely to grant relatively more
stock options to top executives and adopt new anti-takeover provisions. They argue that, in the presence of short-selling
interest, the share price becomes more informative about the agent’s effort and hence can be aligned better with pay-for-
performance measures.

We measure a CEO’s share interest as the CEO’s stock options, because the more share options a CEO holds, the more sen-
sitive he/she is to short-selling pressure. We expect short selling’s disciplining effect to be stronger in the firm-years with a
high level of CEO share options than in those with a lower level of CEO share options. Following prior studies (e.g., Sanders
and Hambrick, 2007), CEO stock option is measured as ratio of the value of stock options to total CEO compensation. Data on
CEO compensation are retrieved from the Connect 4 database.7 We categorise firms into high CEO option and low CEO option
based on the median value of CEO options by industry. That is, we identify firms with high CEO option if the ratio of CEO’s share
7 Connect 4 is a database providing extensive coverage of Australian listed firms’ information on takeovers and mergers, capital raisings, auditing and
accounting practices, corporate governance and compliance. The database is retrieved from Thomson Reuters at https://legal.thomsonreuters.com.au/
products/connect4/.
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Table 6
Conditional analysis for CEO share incentive analysis.

Panel A: Eq. (1)

DV: OCFt+1 (1) High CEO share option
percentage

(2) Low CEO share option
percentage

(3) High CEO share option
percentage

(4) Low CEO share option
percentage

Coefficient (t-stat.) Coefficient (t-stat.) Coefficient (t-stat.) Coefficient (t-stat.)

SFt*CAPEXPt 0.803** (2.10) 0.600 (1.47) — —
SIt*CAPEXPt — — 0.069*** (2.83) 0.045 (1.56)
Controls and

constant
YES YES YES YES

Year FE YES YES YES YES
Industry FE YES YES YES YES
N 503 516 503 516
Adj. R2 0.55 0.73 0.55 0.73

Panel B: Eq. (2).

DV: OCFt+1 (1) High CEO share option
percentage

(2) Low CEO share option
percentage

(3) High CEO share option
percentage

(4) Low CEO share option
percentage

Coefficient (t-stat.) Coefficient (t-stat.) Coefficient (t-stat.) Coefficient (t-stat.)

SFt*RMCt*CAPEXPt 4.871*** (4.22) �0.803 (�0.72) — —
SIt*RMCt*CAPEXPt — — 0.224*** (4.19) 0.053 (1.32)
Controls and

constant
YES YES YES YES

Year FE YES YES YES YES
Industry FE YES YES YES YES
N 503 516 503 516
Adj. R2 0.59 0.73 0.60 0.74

Continuous variables are winsorised at their 1st and 99th percentiles. ***, ** and * represent statistical significance at the 1%, 5% and 10% levels, respectively
(two-tailed test). The variables are defined in Appendix A.

Table 7
High-tech firms vs non-high-tech firms.

Panel A: Eq. (1)

OCFt+1 (1) High-tech = 0 (2) High-tech = 1 (3) High-tech = 0 (4) High-tech = 1
Coefficient (t-stat.) Coefficient (t-stat.) Coefficient (t-stat.) Coefficient (t-stat.)

SFt*CAPEXPt 0.517** (2.00) �0.122 (�0.12) — —
CAPEXPt 0.228*** (3.07) �0.098 (�0.45) — —
SFt �0.044 (�1.25) �0.015 (�0.13) — —
SIt*CAPEXPt — — 0.860* (1.83) �0.891 (�0.89)
CAPEXPt — — 4.470 (1.21) 1.984 (0.75)
SIt — — 0.010 (1.25) 0.002 (0.38)
Other controls included YES YES YES YES
Year FE YES YES YES YES
Industry FE YES YES YES YES
N 1448 170 1448 170
Adj. R2 0.55 0.74 0.55 0.74

Panel B: Eq. (2)

DV = OCFt+1 (1) High-tech = 0 (2) High-tech = 1 (3) High-tech = 0 (4) High-tech = 1
Coefficient (t-stat.) Coefficient (t-stat.) Coefficient (t-stat.) Coefficient (t-stat.)

RMCt*SFt*CAPEXPt 0.134*** (4.70) 0.281 (1.08) — —
RMCt*SIt*CAPEXPt — — 1.365*** (4.10) 2.460 (0.25)
Other variables included YES YES YES YES
Year FE YES YES YES YES
Industry FE YES YES YES YES
N 1448 170 1448 170
Adj. R2 0.56 0.78 0.55 0.76

Continuous variables are winsorised at their 1st and 99th percentiles. ***, ** and * represent statistical significance at the 1%, 5% and 10% levels, respectively
(two-tailed test). The variables are defined in Appendix A.
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options to CEO’s total compensation is greater than the industry median. The analysis results, as reported in Table 6, confirm our
proposition. First, Panel A of Table 6 shows a more positive coefficient for SFt*CAPEXPt when the CEO has a high level of stock
options in column (1) than in the firm-years in the subsample with a low level of CEO share options, as shown in column (2).
Columns (3) and (4) show similar results when SI is used as the short-selling measure. Furthermore, the results of Eq. (2) con-
firm the proposition that, when the CEO stock options are substantial, the RMC is more likely to be used effectively to enhance
12



Table 8
Tests to alleviate concerns about endogeneity between short sales and investment efficiency Panel A: Two-stage least squares regressions (2SLS).

First-stage regression (1) (2)
DV: SF DV: SI
Coefficient (t-stat.) Coefficient (t-stat.)

ETFst 0.982*** (3.81) 11.533** (2.40)
Controls and constant YES YES
Year FE YES YES
Industry FE YES YES
Observations 766 766
Adjusted R2 0.53 0.39

Second-stage regression (1) (2)

DV = OCFt+1 SF SI
Coefficient (t-stat.) Coefficient (t-stat.)

SFt*CAPEXPt 3.396** (1.97) —
SIt*CAPEXPt — 0.351* (1.67)
SFt �0.645** (�2.20) —
SIt — �0.058* (�1.87)
CAPEXPt 0.712* (1.73) 1.769 (1.55)
Controls and constant YES YES
Year FE YES YES
Industry FE YES YES
Observations 766 766
Adj. R2 0.56 0.30

Panel B: Propensity score matching (PSM) technique
Section I: Covariate matching

Treatment (High_SF = 1) Control (High_SF = 0) t-stat. P-value Treatment (High_SI = 1) Control High_SI = 0 t-stat. P-value

CAPEXPt 0.060 0.062 0.41 0.68 0.053 0.054 �0.21 0.83
OCFt 0.070 0.070 0.01 0.99 0.078 0.079 �0.15 0.88
CVOLt 0.039 0.035 0.73 0.46 0.039 0.030 1.34 0.18
SIZEt 21.351 21.332 0.33 0.74 21.628 21.661 �0.56 0.58
BSIZEt 7.895 7.911 �0.18 0.86 8.088 8.142 �0.52 0.60
BINDPt 0.660 0.669 �1.17 0.24 0.671 0.670 0.11 0.91
MTBt 2.870 2.808 1.10 0.27 2.693 2.778 �1.06 0.29
LEVt 0.461 0.455 0.50 0.62 0.482 0.476 0.46 0.64
DVDt 0.182 0.186 �0.32 0.75 0.196 0.200 �0.32 0.60
LOSSt 0.553 0.590 �1.75 0.08 0.545 0.541 0.17 0.86
ACCRUALt 0.049 0.053 �0.76 0.45 0.049 0.045 0.68 0.50

Section II: Panel regression using the PSM sample

DV = OCFt+1 (1) SF (2) SI
Coefficient (t-stat.) Coefficient (t-stat.)

SFDUMt*CAPEXPt
0.208*** (2.68) —

SIDUMt*CAPEXPt — 0.188** (2.48)
Controls and constant YES YES
Year FE YES YES
Industry FE YES YES
Observations 1,290 1,317
Adj. R2 0.51 0.45

Panel C: Heckman two-stage test

(1) (2)

First-stage regression DV: SFDUM DV: SIDUM
Coefficient (t-stat.) Coefficient (t-stat.)

ETFst 10.513** (2.58) 12.276** (2.15)
Controls and constant YES YES
Year FE YES YES
Industry FE YES YES
Observations 766 766
Pseudo R2 0.18 0.06

(continued on next page)
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Table 8 (continued)

Second-stage regression

DV = OCFt+1 Coefficient (t-stat.) Coefficient (t-stat.)

SFt*CAPEXPt 1.389* (1.72) —
SIt*CAPEXPt — 0.084*** (2.91)
able 0.015 (0.18) —
SIt — �0.004 (�1.09)
CAPEXPt 0.608*** (2.78) 0.302** (2.28)
IMR �0.377*** (�15.16) �0.106* (�1.80)
Controls and constant YES YES
Year FE YES YES
Industry FE YES YES
Observations 766 766
Adj. R2 0.46 0.25

Continuous variables are winsorised at their 1st and 99th percentiles. ***, ** and * represent statistical significance at the 1%, 5% and 10% levels, respectively
(two-tailed test). ETFs is the ownership of the stock exchange traded funds in each firm-year. SFDUM (SIDUM) is equal to one if a firm’s short flow ratio, SF
(SI) is greater than the median value, and zero otherwise. Other variables are defined in Appendix A.
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investment efficiency with an increase in shorting-selling interests. This finding is supported by both SF and SI as the alternative
measures of short selling. Collectively, we identify financial constraints, the life cycle and CEO share incentives as three impor-
tant contexts in which managers are likely to make different efforts to enhance investment efficiency as a response to short-
selling activities.

Last, although our main analyses have controlled for industry fixed effects, we further test whether the effects of short
selling on the capital investment–future cash flow relationship differ between high-tech industries and other industries.
Haskel and Westlake (2018) document the rise of the intangible assets in developed economies in recent decades and
address the question of why intangible-intensive economies behave fundamentally differently from economies driven by
tangible investment. Although our investigation is carried out in one economy, the high-tech industries are less capital inten-
sive and invest heavily in R&D rather than tangible assets. Given this proposition, we may not be able to observe a close cap-
ital expenditure–future cash flow relationship or much reduced significance levels for our predictions in high-technology
industries. To shed light on this issue, we conduct one sensitivity test to see whether our propositions hold across industries.
High-tech industries are identified according to Kile and Phillips (2009) who specifies six-digit GICS code for high-tech firms.
The six-digit GICS codes include 201040, 255020, 351010, 351030, 352010, 352020, 352030, 451010, 451020, 451030,
452010, 452020, 452030, 452050, 453010, 501010, and 501020. The analysis results, as shown in Table 7, reveal that the
disciplining effect of short selling on the investment efficiency exists only in firms in non-high-tech industries and not in
high-tech industries, and this industrial difference is also applicable to the findings of H2 testing. As a caveat of our study,
the capital expenditures are our focus in the empirical testing, and thereby the investment in R&D has not been captured by
our measure. Hence, we pinpoint the applicability of our findings to non-high-tech industry only.
5. Sensitivity analysis

While we examine the effect of short-selling activities on the investment decision, it is also possible that short sellers are
attracted to certain types of firms — that is, other firm-level characteristics may explain short-selling interests as well as
firms’ investment efficiency. This poses a potential endogeneity problem due to self-selection bias. In addition, reverse
causality presents if short sellers have private information about a firm’s future cash flows and investment efficiency and
thus their short-selling activities are a consequence of such knowledge. To alleviate the concern about endogeneity caused
by self-selection and reverse causality, we conduct robustness tests using 2SLS, the propensity score matching (PSM)
methodology and the Heckman two-stage regression. The results are reported in Table 8.

First, we employ a 2SLS regression to validate our interpretation of the main results reported in Table 2 and report the
results in Panel A of Table 8. The 2SLS approach should also alleviate the concern about reverse causality or model misspec-
ification in the model (Wooldridge, 2016). In the first stage, we employ the ownership of exchange-traded funds (ETFs) that
fully replicate benchmarks as the instrument following prior studies (e.g., Massa et al., 2015). The EFTs tend to be passive
investors and thrive on a low-fee strategy, resulting in a high supply of lendable shares to the short-selling markets
(Dyck et al., 2010). Hence, the EFTs are positively associated with the short short-selling activities, making EFT ownership
an ideal instrument for the share of short selling unrelated to the dependent variable.8 As expected, the first-stage regression
shows a significantly positive effect of the ETFs on the short-selling measures, SF and SI. The second-stage 2SLS regression results
reported in Panel A of Table 8 show consistent findings regarding the positive effect of short selling (SF and SI) on the association
between capital expenditures and future cash flows despite reduced levels of significance (coefficient 3.396 and 0.351, t-stat.
8 After merging the main dataset with the ETFs data retrieved from the Market Index, the sample observation has reduced substantially. Since the ETFs are an
ideal instrument for short-selling studies, we retain this analysis along with other endogeneity tests.
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1.97 and 1.67, p < 0.05 and 0.10, respectively). These results thus suggest that endogeneity cannot explain the documented
effect of short selling on investment efficiency.

Another commonly employed technique for mitigating selection bias is the propensity score matching (PSM) methodol-
ogy, which controls for self-selection by matching sample firms with control firms that have similar characteristics according
to a function of covariates (Rosenbaum and Rubin, 1983, 1985). Panel B of Table 8 presents the analysis results. After employ-
ing nearest neighbour (NN) matching without replacement using small callipers to ensure effective matching, we compare
the control variables between the treatment group (High_SF = 1) and the matched control group (High_SF = 0), where the
High_SF is partitioned by the mean of the SF. We conduct the same partition for the High_SI = 1 and High_SI = 0 treatment
and control groups. Section I of Panel B shows that the matching has effectively reduced the differences in a set of control
variables measuring firm-level characteristics — the t-stat. comparing the mean of the variables between the treatment and
the control group are all insignificant. Therefore, the matched sample is ready for regression testing on the effect of short
selling on the capital expenditure–future cash flow association. The regression results, as reported in Section II of Panel B,
show that both SF and SI are still significantly positive, enhancing the association between capital expenditures and future
cash flows (coefficients 0.208 and 0.188, t-stat. 2.68 and 2.48, p < 0.01 and 0.05, respectively).

We further conduct a Heckman two-stage test, and the results are reported in Panel C of Table 8. In the first stage, a Probit
model is used to regress the dummy variable, SFDUM (SIDUM), on a series of firm-level control variables. SFDUM (SIDUM) is
equal to one if a firm’s short flow ratio SF (short position ratio, SI) is greater than the median value, and zero otherwise. The
results show that the coefficient for ETFs is positive and significant, being consistent with the short-selling theory. The
inverse Mills ratio generated from the first-stage Probit model is then used in the second-stage regression along with the
variables of interest and the remaining controls. The second-stage regression analysis reveals that the coefficients on SF*CA-
PEXP and SI*CAPEXP continue to be positive and significant (coefficients 1.389 and 0.084, t-stat. 1.72 and 2.91, p < 0.10 and
0.01, respectively) — a result that is consistent with the baseline model results reported in Table 2.

Furthermore, there is concern that the monitoring effect of short selling on the investment efficiency, as observed in front
sections, is fleeting because our tests focus on the operating cash flow in the first year after the investment, OCFt+1. To test
whether the effect of short selling persists, we conduct additional tests on the long-term effect of short selling on investment
efficiency. To this end, we estimate Eqs. (1) and (2) using OCFt+2 and OCFt+3 as the dependent variable, respectively. When
OCFt+2 is the dependent variable, the results (untabulated) show a highly consistent conclusion with the main findings. How-
ever, the coefficients on the variables of interest become marginally significant when OCFt+3 is the dependent variable, pos-
sibly due to a substantially reduced sample.9 Hence, the findings provide some evidence that the effect of short selling is
intransient and lasts until the third year after the investment.
6. Conclusion

This study examines an as-yet-unresolved research issue in the short-selling literature about the effect of short-selling
activities on corporate investment efficiency. While Grullon et al. (2015) focus on how short selling brings out pressure
on firms’ share price reducing the capital available for investment, and similarly Gilchrist et al. (2005) find a ban on short
selling results in a relief on the price pressure leading to an increase in investment, we investigate the disciplinary effect
of short-selling activities on investment from a governance perspective. Rather than studying the amount of the investment,
our investigation extends the literature by examining the effect of short selling on the association between capital invest-
ment and future cash flows.

The results show that the short-selling activities of Australian listed firms encourage firms to undertake capital invest-
ments that are closely related to future cash flows. Hence, the finding provides direct evidence that short selling serves as
an external governance mechanism to discipline managers’ investment decisions. Investments increasing future cash flows
will maximise shareholders’ wealth and enhance firms’ long-term financial viability. Therefore, our finding of the governance
role of short selling is largely in line with extant literature. For instance, studies have observed a reduced cost of capital, less
earnings management and investment efficiency after short-selling ban was lifted in China (Hu et al., 2019), enhanced man-
agerial compensation pay-for-performance sensitivity in the presence of short-selling interests (De Angelis et al., 2017), and
higher merger and acquisition (M&A) returns due to enhanced monitoring on the M&A process by short sellers (Chang et al.,
2019).

The results also support the proposition that an established RMC strengthens this positive effect of short-selling activities,
highlighting that internal, that is, an RMC, and external governance mechanisms complement each other in recognising the
risk factors in the secondary market and disciplining managerial decision making. Additionally, the analyses demonstrate
that the positive effect of short selling, and the effect of an RMC on short selling’s monitoring function, are conditional on
firms’ financial constraints and life cycle and CEOs’ share incentives.

Collectively, the findings provide rich insights into and beyond the conventional discussion regarding whether short sell-
ing is beneficial or detrimental to shareholders’ value. Using large Australian listed firms as the sample, our findings are
informative for financial market regulators in that restricting short selling for the fear of a reduction in capital supply, as
a result of a distressed share price, for corporate investment is an invalid claim — a finding that is substantiated by our
9 Only 634 firm-years — roughly one third of our sample observations — are retained for this analysis.
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Table A1
Variable definitions.

Variable Definition

Future cash flow (OCFt+1) Cash flow from operations scaled with total assets in year t + 1.
Short flow ratio (SF) Average short volume per year (from the ASX gross short sales report) dividend by the average total trading volume per

year.
Short position ratio (SI) Average short position (the number of shares sold short in a year) (from the ASIX short position report) divided by the

average number of outstanding shares per year.
Risk management

committee (RMC)
Dummy variable: 1 when firms have an RMC; 0 otherwise.

CAPEXP Sum of capital expenditures, scaled by total assets.
Cash flow volatility (CVOL) Standard deviation of cash flows from operations for the past three years.
Firm size (SIZE) Natural logarithm of market capitalisation.
Growth opportunity (MTB) Market-to-book ratio of year-end market capitalisation to total common equity.
Leverage (LEV) Financial leverage: total liabilities to total assets.
Dividend payout (DVD) Ratio of dividends per share deflated by earnings per share.
Loss (LOSS) Dummy variable that takes the value 1 if a firm’s net income before extraordinary items is negative, and 0 otherwise.
Accruals (ACCRUAL) Total accruals measured as after-tax operating income (before extraordinary items) minus operating cash flows scaled

by total assets.
Board size (BSIZE) Number of board members.
Board independence

(BINDP)
Percentage of board members who were independent, calculated as the number of independent board members
divided by the total number of board directors.

Table B1
Cash flow-based life cycle measurement — Dickinson (2011).

Cash flow type Introduction Growth Mature Decline

Operating (�) (+) (+) (�)
Investing (�) (�) (�) (+)
Financing (+) (+) (�) (+/�)
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empirical results. Meanwhile, the finding of the incremental effect of an RMC on the beneficial effect of short selling provides
support to the recommendation pertinent to RMCs stated in the Corporate Governance Principles and Recommendations
(CGPR) by the Australian Securities Exchange Corporate Governance Council (ASXCGC).

.
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