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Abstract

This paper investigates the informativeness of short sales on detecting firm invest-
ment inefficiency. Neoclassical and agency theory suggest that investment inefficiency
destroys firm value by allocating resources to less-valued uses. This paper finds that
short-sellers adjust their short positions before the announcement of a financial state-
ment, to use their information advantage on firm investment inefficiency. The relation
between the short positions in a firm and its future investment inefficiency is both sta-
tistically and economically significant, and robust to a broad set of control variables.
Subsample analyses show that the informativeness of short sales positions about future
investment inefficiency is concentrated on overinvestment firms, firms with little board
independence, and firms with low CEO incentive pay.

Keywords Short selling - Investment efficiency - Capital investment - Corporate
governance

JEL Classification G14 - G31

1 Introduction

The information content of short sales has attracted attention due to the tremendous
growth of short-selling activities by hedge funds since 2004! . This research helps
us understand whether short-sellers are informed and whether they improve price

! One reason is the boom of hedge funds that undertook short-selling activities on a large scale. As Jiao
et al. (2016) document, the correlation between changes in hedge fund ownership and short interest was
as high as 0.75, while the correlation between changes in mutual fund ownership and short interest was
only 0.18; therefore, the emergence of hedge funds reshaped short-selling activities. Saffi and Sigurdsson
(2011) also indicate that the short-selling market changed immensely during the global financial crisis. In
January 2021, millions of retail investors rallied on the online community leading to the short squeeze of
Gamestop’s stock and other securities with a large short position. The short squeeze caused tremendous
losses for short-sellers like hedge funds. This event drew the world’s attention to short-selling activities
and brought the debate on the real consequences of short-selling activities.
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efficiency. The literature indicates that short-sellers can discern information about
future stock returns (Boehmer et al. 2008; Diether et al. 2009; Chang et al. 2014;
Jiao et al. 2016), as well as detect fraud and earnings manipulation (Desai et al.
2006; Karpoff and Lou 2010; Hirshleifer et al. 2011; Boehmer and Wu 2013; Massa
et al. 2015; Fang et al. 2016; Park 2017). However, less attention has been devoted
to the relation between short-selling and firm investment inefficiency, which has
been documented as being value-destroying (Biddle and Hilary 2006; Biddle et al.
2009; Bushman et al. 2011; Balakrishnan et al. 2014; Goodman et al. 2014).

Despite the substantial growth of short-selling activities, short-selling remains a
contentious practice and has been restricted in many countries during recent finan-
cial crises (Massa et al. 2015; Caby et al. 2020). Both regulators and researchers
have intensified their focus on comprehending the impact of short-selling on vari-
ous corporate behaviors. Proponents of short-selling argue that its primary benefits
stem from its disciplinary effect, particularly its influence on curbing a firm’s value-
destructive investments (Chang et al. 2019). This effect hinges on the assumption
that short-sellers will respond to a firm’s investment inefficiencies.

Conversely, Grullon et al. (2015) contend that increased short-selling activi-
ties can lead to a decline in stock prices, prompting firms to react by reducing their
investments. In this scenario, the reduction in investments is a response to a down-
ward price manipulated by uninformed bear raiders rather than a result of the dis-
ciplinary effect. Consequently, the ongoing debate revolves around the question of
whether short-sellers possess information about a firm’s investment inefficiency,
thereby warranting further investigation into the distinctive nature of investment
inefficiency relative to other dimensions of operating performance.

In general, investment inefficiency constitutes a crucial aspect of investment per-
formance. From a conceptual standpoint, inefficient investment entails the allocation
of capital to less valuable uses, impeding the maximization of firm value (McNich-
ols and Stubben 2008; Biddle et al. 2009; Bushman et al. 2011; Balakrishnan et al.
2014; Goodman et al. 2014; Gao and Yu 2020). Previous research has underscored
the economic significance of investment inefficiency. For instance, Cooper et al.
(2008) and Titman et al. (2004) have demonstrated that investment inefficiency, par-
ticularly in the form of overinvestment, is correlated with subsequent poor stock per-
formance, which in turn attracts the attention of short-sellers.

Before delving deeper into the topic, it is crucial to understand the fundamental
idea behind investment inefficiency. While prior literature has not explicitly identi-
fied a direct proxy for investment inefficiency (Benlemlih and Bitar 2018; Gao and
Yu 2020), numerous studies have operationalized investment inefficiency as the
deviation from the optimal level of investment (Biddle et al. 2009; Chen et al. 201 1a;
Gomariz and Ballesta 2014; Benlemlih and Bitar 2018; Yu 2023). This definition
aligns with neoclassical theory, which posits that a firm’s net present value is bound
by certain constraints imposed by its production function and growth opportunities,
consequently leading to an optimal and industry-specific operating size. Any devia-
tions from this optimal size can give rise to inefficiencies (Gao and Yu 2020).
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Value maximization is the key objective of a firm (Chen et al. 2011b). The agency
theory explains how investment inefficiency destroys firm value, underpinning
the importance of studying investment inefficiency. When information asymmetry
exists, managers will possess superior information compared to shareholders. If the
incentives of managers are not aligned with shareholders, managers may invest in
their own interests rather than those of shareholders, either by rejecting positive net
present value projects or by investing in negative net present value projects (Gao
and Yu 2020). The theory of corporate investment suggests that value maximization
requires a firm to invest based on the net present value principle (Chen et al. 2011b).
Therefore, this scenario provides fundamental motivations for short-sellers to cap-
ture the information rent.

This paper investigates whether short-sellers can detect a firm’s investment inef-
ficiency before the release of its annual financial report. In particular, it focuses
on whether short-sellers have an information advantage with which to make cor-
rect forecasts before the public can.” To do so, I follow Biddle et al. (2009) and
McNichols and Stubben (2008) to use the deviations from the optimal investment as
a measure of investment inefficiency. I then use the levels of abnormal short interest
to measure short-selling activities.> I will address three main questions. First, does
a firm’s short-selling activity contain information about its investment inefficiency
released in the upcoming annual report? Second, can short-sellers gain economic
profits if they act according to such information? Third, does the information advan-
tage of short-sellers regarding a firm’s investment inefficiency depend on the charac-
teristics of the firm? I document several interesting findings.

Firstly, short-sellers can identify investment inefficiencies before the annual
financial report is released. When I sort firms based on their abnormal short inter-
est before the annual report release,* the investment inefficiency measure in the top
decile is significantly greater than that in the bottom decile. For instance, the dispar-
ity in the investment inefficiency measure from Biddle et al. (2009) between the top
and bottom deciles of abnormal short interest is 0.078, with a #-value of 4.43. Mul-
tivariate panel regression yields consistent results. Using Biddle et al. (2009) meas-
ure, the coefficient for pre-annual report abnormal short interest is 0.003, signifi-
cant at the 1% level. Coefficient dynamics highlight greater significance near annual
report release. A case study on Texas Industries INC. provides anecdotal evidence.
To tackle endogeneity, I employ a propensity score model to pair the sample firms
with control firms sharing similar characteristics. The outcomes remain significant
postmatching. Employing alternative investment inefficiency measures upholds the
consistent results.

2 Theoretically speaking, there are two sources of information advantage for informed investors. One is
their superior ability to analyze publicly available information (Engelberg et al. 2012), while the other is
their access to private information (Boehmer et al. 2020). I do not distinguish between these two in my
analysis.

3 T explain, in Appendix, how to calculate the abnormal short interest for a firm.

4 T use the earnings report date of the fourth quarter in the Compustat Fundamentals Quarterly database
as the proxy for the release date of the annual report because firms usually announce the last quarter
report simultaneously with the annual report. The abnormal short interest is measured on the 15th of
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Additionally, based on Jiao et al. (2016), I conduct a Fama—MacBeth regres-
sion annually. The empirical results demonstrate a notable economic significance
in the information advantage. Specifically, employing the inefficiency measure from
McNichols and Stubben (2008), the coefficient of investment inefficiency on the out-
of-sample cumulative abnormal return is strongly negative at —0.017, with a highly
significant 7-value of —3.37, adjusted using the Newey—West method with three lags.
Similar significant outcomes are observed with alternative investment inefficiency
measures.

Thirdly, subsample analyses reveal that the correlation between short-selling
activity and investment inefficiency focuses on overinvestment firms, those with
limited board independence, and firms with low CEO incentive pay.’ Initially, I
categorize the sample into overinvestment and underinvestment firms, reflect-
ing the two forms of investment inefficiency (Bebchuk and Stole 1993; Franzoni
2009). Upon forming these subsamples, the coefficient of abnormal short inter-
est on investment inefficiency remains statistically significant for overinvestment
firms, whereas it loses significance for underinvestment firms. This outcome
aligns with the expectation that overinvestment is more easily identifiable exter-
nally (Bebchuk and Stole 1993) and is more connected to overvaluation (Titman
et al. 2004). Further division of the sample based on board independence and
CEO incentive pay demonstrates that the significant relationship between short-
selling activity and investment inefficiency is limited to firms with scarce board
independence and low CEO incentive pay. This could be attributed to the height-
ened susceptibility of such firms to short-selling activities. Rahman et al. (2021)
argue that a lack of board independence facilitates short-selling due to increased
information asymmetry, while lower CEO incentive pay aids short-sellers as
managers are less cautious about stock price decline (De Angelis et al. 2017; Shi
et al. 2021).

The present study contributes to the literature in several ways. First, it sheds
light on the informational content of short sales by investigating a new perspec-
tive on firm performance. The literature has addressed the information content of
short-selling activity for stock returns and firms’ misconduct. The present paper
fills some gaps by first documenting the relation between short-selling activity
and firm investment inefficiency.

Secondly, the present research contributes to the literature on how short-sell-
ing impacts corporate investments. As discussed earlier, there are two competing
views on how short selling reshapes a firm’s investments. According to Grullon

Footnote 4 (continued)

each month or the preceding business day if the 15th is not a business day. The lag between the date of
abnormal short interest and the date of the annual release of the financial report should not exceed one
month.

5 While several measures exist to assess corporate governance, such as CEO-chairman duality, E-index,
and financial slack, the current study concentrates on board independence and CEO incentive pay due to
their substantial connection with short-selling activities, as emphasized in recent research (Rahman et al.
2021; De Angelis et al. 2017; Shi et al. 2021). It is important to acknowledge that other aspects of corpo-
rate governance may also influence corporate investments. However, the primary objective of this paper
is to investigate the specific firm characteristics that impact the informativeness of short-sellers.
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et al. (2015), short-sellers, acting as bear raiders, distort the firm’s investment
by artificially reducing the stock price. In this case, short-sellers manipulate the
stock price and are uninformed (Goldstein and Guembel 2008; Grullon et al.
2015). On the other hand, some researchers argue that short-selling has a disci-
plinary effect on a firm’s value-destroying investments (Chang et al. 2019). The
underlying assumption behind such a disciplinary effect is that short-sellers are
informed about the firm’s inefficient investments. This paper supports the latter
proposition by demonstrating that short-sellers possess information about a firm’s
investment inefficiency.

Thirdly, the present study is closely related to the works of Hirshleifer et al.
(2011) and Park (2017), which examine short-selling activities following the release
of annual financial reports. They discover that short-sellers possess a superior ability
to analyze negative information related to the accruals anomaly or profit subsequent
to the report. Trading strategies based on this enhanced information processing yield
significant returns. In contrast to Hirshleifer et al. (2011) and Park (2017), I dem-
onstrate that informativeness also arises from an information advantage preceding
the public release of the report. These findings complement those documented in
Hirshleifer et al. (2011) and Park (2017), further enhancing the comprehension of
short-sellers.

Fourthly, it supports the proposition in the literature that differences exist between
overinvestment and underinvestment firms (Bebchuk and Stole 1993; Franzoni
2009). The study delves deeply into the side of investment inefficiency for which
short-sellers possess information. It also enhances the understanding of overinvest-
ment, including its connection with overvaluation and external financial markets.
Moreover, there has been a growing focus on uncovering the link between corpo-
rate governance and short-selling in recent studies (De Angelis et al. 2017; Shi et al.
2021; Rahman et al. 2021). The present study provides further evidence that a lack
of board independence and CEO-incentive pay facilitates short-selling activities.

The remainder of this paper is organized as follows. In Sect. 2, I provide a litera-
ture review and develop my hypotheses. In Sect. 3, I explain how to construct the
measures of the level of abnormal short interest and investment inefficiency. Sec-
tion 4 presents the data and the main empirical results. I show the results of several
robustness tests in Sect. 5 and the subsample analyses in Sect. 6. Section 7 presents
the conclusions.

2 Literature review and main hypotheses

2.1 Literature review

2.1.1 Short-selling

Short-selling has been carried out in major financial markets around the world for

years, and it continues to grow. This growth was especially pronounced between
2004 and 2008 due to booms in hedge funds (Saffi and Sigurdsson 2011; Jiao
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et al. 2016). Much effort continues to go into studying whether short-sellers are
informed and how short-selling affects a firm’s behavior.

One category of research studies whether short-sellers possess information by
focusing on whether short sales can predict future movements in stock prices. For
example, Boehmer et al. (2008) investigate the predictive power of short-selling
for next month’s stock returns on the NYSE from January 2000 to April 2004.
The study finds that heavily shorted stocks significantly underperform lightly
shorted stocks in their returns.

Diether et al. (2009) also find that short-sellers correctly predict future nega-
tive abnormal returns. The study documents that stocks in the highest quintile
of short-selling significantly underperform stocks in the lowest quintile during a
window of two to five days in both the NYSE and NASDAQ. Similar studies are
conducted by Chang et al. (2014) and Jiao et al. (2016).

Another category of the literature concerning whether short-sellers are
informed investigates whether they can detect firms’ misconduct. The literature
demonstrates that managers have incentives to manipulate a firm’s financial per-
formance for personal compensation (Bergstresser and Philippon 2006), gains
from stock sales (Beneish and Vargus 2002), job security, and control-related
motives (DeFond and Park 1997). Short-sellers, as sophisticated informed inves-
tors, can identify these manipulated earnings or deviations from the firm’s funda-
mental value.

For example, Hirshleifer et al. (2011) use operating accruals as a proxy for
earnings manipulation and finds that stocks in the highest decile of accruals have
significantly higher short interest than stocks in the lowest decile. Furthermore,
stocks with high accruals earn significantly negative abnormal returns. Park
(2017) employs abnormal cash flow from operations, abnormal production costs,
and abnormal discretionary expenses as three alternative measures of real earn-
ings management. They discover that firms with more real earnings management
subsequently attract significantly higher short interest. This positive relation-
ship is more pronounced for firms with high accrual-based earnings management
costs, such as firms with low accounting flexibility or firms subject to stricter
scrutiny by high-quality auditors.

Several findings have also been documented in the literature on how short-sell-
ing affects a firm’s behavior. Grullon et al. (2015) show that short-selling reduces
a small firm’s equity issues and capital expenditures. De Angelis et al. (2017)
indicate that short-selling can also affect a firm’s compensation behavior using
the Regulation SHO’s pilot program, which removed various short-selling con-
straints for randomly selected stocks in the pilot group. By running a difference-
in-difference test, they document that short-selling significantly increases the
convexity of compensation payoffs, and the increase in convexity is due to using
more stock options to compensate managers.

Moreover, the literature suggests that short-selling benefits the firm in terms of a
disciplinary effect. Fang et al. (2016) use discretionary accrual as a proxy for earn-
ings management. They find that short-selling disciplines a firm’s earnings manip-
ulations by running a difference-in-difference test on Regulation SHO’s pilot pro-
gram. Massa et al. (2015) confirm the finding by using lendable shares as the proxy
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for the short-selling threat. They also extend the study by using an international
sample of 33 countries. Another example of the disciplinary effect of short-selling
is on a firm’s value-destroying investments. Chang et al. (2019) find that short sell-
ing improves the announcement returns of M &As. They also find that this effect is
more pronounced when managers’ wealth is more linked to the stock price and when
deals are prone to agency problems.

2.1.2 Investment inefficiency

The disciplinary impact of short-selling on a firm’s value-diminishing investments
implies that short-selling can help eliminate overinvestment, which is often associ-
ated with a firm’s investment inefficiency (Biddle and Hilary 2006). As investment
inefficiency tends to decrease firm value, the literature predominantly focuses on its
measurement.

Biddle and Hilary (2006) utilize cash flow sensitivity as a measure of investment
inefficiency: The higher a firm’s investment sensitivity to internally generated cash
flow, the greater the investment inefficiency. Meanwhile, McNichols and Stubben
(2008), Biddle et al. (2009), and Goodman et al. (2014) employ different models to
determine optimal investment levels and use deviations from these levels as proxies
for investment inefficiency: The greater the deviation, the higher the investment inef-
ficiency. Other relevant studies in this area include those by Bushman et al. (2011),
Balakrishnan et al. (2014), and Gao and Yu (2020).

The literature on investment inefficiency also examines the factors that can influ-
ence it. For example, Biddle et al. (2009) use accruals quality, modifications to
accruals quality, and financial disclosure transparency as proxies for a firm’s finan-
cial reporting quality. They find that financial reporting quality reduces both overin-
vestment and underinvestment. They argue that this effect results from the reduced
information asymmetry between firms and external suppliers of capital.

In a similar vein, Goodman et al. (2014) measure managerial forecasting quality
using the accuracy of managers’ external forecasts. They discover a negative asso-
ciation between the ability of managers to estimate payoffs of potential projects and
investment inefficiency.

Furthermore, Chen et al. (2011b) reveal that investment inefficiency is signifi-
cantly higher for state-owned enterprises compared to non-state-owned enterprises.
Moreover, when top executives in state-owned enterprises have a government back-
ground, investment inefficiency is significantly higher. These findings suggest that
government intervention increases a firm’s investment inefficiency, adding to the
challenges posed by information asymmetry and agency problems.

2.2 Main hypotheses
The question of interest in this paper is whether short-sellers have an information

advantage about a firm’s investment inefficiency before the public. Generally speak-
ing, if short-sellers are informed about the investment inefficiency before it becomes
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publicly available, it should have a significant relationship between short-selling
activities preceding the release of the financial report and the information about inef-
ficiency contained in the report. The level of abnormal short interest will increase as
the investment inefficiency worsens. The primary hypothesis is as follows:

Hypothesis 1 If short-sellers are informed about firm investment inefficiency, then
a firm’s short-selling activity will be positively related to its future investment
inefficiency.

Investment inefficiency manifests itself mainly in two ways: either overinvest-
ment or underinvestment. There are three main differences documented in the litera-
ture regarding overinvestment and underinvestment.

First, Bebchuk and Stole (1993) show that underinvestment occurs when the
market has incomplete information about the level of investment undertaken, while
overinvestment occurs when the market can observe the level of investment but not
its productivity. Following this signaling theory, if investment inefficiency can be
detected by short-sellers, it should be more related to overinvestment rather than
underinvestment.

Second, Gilchrist et al. (2005) and Grullon et al. (2015) document that overvalu-
ation leads to overinvestment by artificially reducing the cost of capital. Therefore,
overinvestment reflects some information about overvaluation. As a result, short-
sellers search for overvalued stocks to make a profit, so they pay more attention to
overinvesting stocks.

Third, according to Franzoni (2009), the incentives behind underinvestment and
overinvestment are different. Overinvestment occurs when management has empire-
building incentives and when corporate governance for the firm is poor, both of
which provide negative signals. On the other hand, the motivation behind underin-
vestment is not clear. It might happen when firms are financially constrained, lead-
ing to insufficient funds for investment. Under this case, the signal is negative, and
market reactions tend to be significant. However, underinvestment could also be due
to other reasons, with market reactions being indistinguishable from zero. These two
effects make the response to underinvestment unclear.

Following these arguments, the second hypothesis is formulated as follows:

Hypothesis 2 The positive relationship between short-selling activities and future
investment inefficiency is stronger for “overinvestment firms”.

Recently, researchers find that board independence can significantly impact short-
selling activities. For instance, Rahman et al. (2021) argue that a lack of board inde-
pendence facilitates short-selling due to increased information asymmetry. Addi-
tionally, studies suggest that insufficient board independence leads to a deterioration
in disclosure quality (Byrd and Hickman 1992; Fama and Jensen 1983; Beasley
1996; Yekini et al. 2015). Short-sellers are known as traders who exploit their infor-
mational advantage arising from the information asymmetry. Consequently, a lack
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of board independence may enable short-sellers to capitalize on their informational
edge concerning investment inefficiencies.

Furthermore, board independence can mitigate a firm’s investment inefficiency
(Liu et al. 2015), indicating that firms lacking board independence are more suscep-
tible to such inefficiencies. Souther (2021) finds that firms with less board independ-
ence are associated with lower firm value, making them more attractive to short-
sellers. In other words, the lack of board independence enhances the informativeness
of short-sellers regarding a firm’s investment inefficiencies.

Hypothesis 3 The positive relation between short-selling and future investment inef-
ficiency is stronger for ‘firms with little board independence’.

Short-selling is closely related to managers’ equity compensations (De Angelis
et al. 2017; Shi et al. 2021) because more equity-based compensation can mitigate
short-selling threats by aligning managers’ personal interests with corporate stock
prices. Firms with less equity-based compensation are more vulnerable to short-
selling, as their managers are more likely to engage in value-destroying invest-
ments (Mehran 1995; Morck et al. 1988; McConnell and Servaes 1990; Jensen and
Murphy 1990; Minnick et al. 2011). As short-sellers profit from downward stock
price movements, they tend to avoid firms whose managers are cautious and dili-
gent in stock price movements. Therefore, short-sellers are more likely to pay atten-
tion to the investment inefficiency of firms whose managers are not bound by stock
performances.

Hypothesis 4 The positive relation between short-selling and future investment inef-
ficiency is stronger for ‘firms with low CEO incentive pay’.

3 Measures of short interest and investment inefficiency
3.1 Two measures of investment inefficiency

I employ two measures proposed by Biddle et al. (2009) and McNichols and Stub-
ben (2008) to capture a firm’s investment inefficiency. These measures align with
neoclassical theory, which posits that a firm’s primary objective is to maximize its
net present value while adhering to the constraints of the production function. This
pursuit of profit maximization shapes a firm’s optimal investment policy, and any
deviation from the optimal level of investment can be considered inefficient.

The two measures diverge in their approach to determining the optimal invest-
ment level. Drawing from the acceleration theory, Biddle et al. (2009) assert that the
level of capital is directly proportional to the output level. When an economy oper-
ates at full capital utilization, firms adapt their investment in response to changes in
demand. Biddle et al. (2009) model current investment as a function of past output
growth, proxied by sales growth.
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T, = a+ pSG;,_ + €, (1)

In this equation, T1;, represents firm i’s total investment,® and SG denotes firm i’s
percentage sales growth from year # — 1 to year t. ¢;, represents the residual in the
regression, capturing deviations from the expected level of investment.

I utilize its absolute value, standardized by the standard deviation of its industry
and year distribution, as the first measure of investment inefficiency.

€ir

Ineﬁ‘iciencyfj =

(@)

0jt

A higher level of Inefficiency® indicates lower efficiency in the firm’s investment. I
estimate Eq. (1) for each industry-year using the Fama and French 48-industry clas-
sification. Consistent with Biddle et al. (2009), I exclude industries with fewer than
20 observations in a given year.

Similarly, in line with Biddle et al. (2009), I calculate the total investment in a
given year as the sum of capital expenditures, R &D expenditures, and acquisitions
minus the sales of property, plant, and equipment (PPE). This total is then scaled by
the lagged total assets. This approach employs an accounting-based framework to
estimate total investment as the difference between total investment and asset sales
(Richardson 2006). It also takes into account various types of investments, including
capital expenditures and acquisitions.

The second measure of investment inefficiency, based on McNichols and Stubben
(2008), assumes that investment can be predicted by investment opportunities. The
use of Tobin’s Q as a measure of investment opportunities is prevalent in the litera-
ture. For example, Goodman et al. (2014) use it as the proxy for investment opportu-
nities and also control for cash flows, growth in assets, and past investment to allow
for variations in the relationship between investment and Tobin’s Q. McNichols and
Stubben (2008) augment the model by further adding three interaction terms, which
individually interact the lagged Tobin’s Q with an indicator variable that equals 1 if
the lagged Tobin’s Q is in the second, third, or fourth quartile of its industry and year
distribution. The model adopted from McNichols and Stubben (2008) is as follows:

Th,=a+p0;_y + B0 * ORT2;,_,
+ 530 « ORT3,,_, + p,Q * ORT4,,_, + psCF;, 3)
+ PeAG; 1 + B TT;,_y + €

where Q;,, is the lagged Tobin’s Q7 0= ORT2;, | (or Q=* QRT3;, |,
Q * ORT4,, ) equals Q;,  times an indicator variable that equals 1 if Q;, | is in the
second (third, fourth) quartile of its industry and year distribution. CF;, stands for
net cash flows from operations (Compustat data item 308) scaled by the total book
value of assets (Compustat data item 6). AG;, | stands for the lag of asset growth,

6 Refer to Appendix for a detailed definition
7 See Appendix for a detailed definition
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which equals the natural log of the total book value of assets at the end of year ¢ — 1
divided by the total book value of assets at the end of year r — 2. TI;,_, is the lag of
total investment.

I estimate Eq. (3) for each industry-year based on the Fama—French 48-industry
classification and use the absolute value of the residuals from Eq. (3), standardized by
the standard deviations of their corresponding industry and year distributions, as our
second measure of investment inefficiency, Inefficiency™:

€ir

Ineﬁ‘iciency% =

“

0jt

Table 2 reports the regression results from the investment inefficiency models of
Biddle et al. (2009) and McNichols and Stubben (2008). I calculate the cross-sec-
tional means of the coefficient estimates for all industries in a given year and report
the time-series average of the cross-sectional means of the coefficient estimates.
We can see that all the factors in the models of Biddle et al. (2009) and McNich-
ols and Stubben (2008) are significantly correlated with the firm’s investment level,
which is consistent with the assumptions behind these models. Besides the total
investment, I also use the investment excluding R &D expenditure, TIW, to estimate
Egs. (1) and (3) and calculate these measures of investment inefficiency. They will
be denoted by Inefficiency®" and Inefficiency™"” , respectively, and used for a robust-
ness check.

3.2 Abnormal short interest

The primary independent variable is abnormal short interest. I employ the method of
Karpoff and Lou (2010) to calculate it. First, I independently sort stocks into three
groups by size, market-to-book ratio, and momentum, so that each stock is assigned
to one of 27 constructed portfolios (3 X 3 x 3). I further categorize each stock into
industry groups based on Fama and French’s 48-industry classifications. In particular, I
define the model as follows:

medium medium

SIy= ) suSizey + D, b,MB,,
g=low g=low
medium K (5)

+ z mg,Momentum,-g, + Z udndiy, + uy,
k=1

g=low

where SI;, represents the short interest level of firm i in month 7. The first three
independent variables are dummy variables that collectively determine the 27
size, market-to-book, and prior month return portfolios. For example, if firm i is
sorted into the lowest market-to-book portfolio in month ¢, then MB;,, . =1 and
MB, ediym; = 0. The industry dummy Ind;, = 1if firm i is assigned to industry k in
month 7, and K is the total number of industries in the sample.
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I conduct monthly cross-sectional regressions of Eq. (5) and then calculate the
time-series averages of the coefficient estimates. I use these time-series averages in
conjunction with the dummy variables to derive the expected short interest E(S/;,)
and calculate the abnormal short interest, AST; ;:

ASI;, = SI;, — E(SD;,. 6)

In an unpublished table,® I find that the smallest firms have the lowest short inter-
est, growth stocks (with the highest market-to-book ratio) are more heavily shorted,
and momentum has a U-shaped relationship with short interest as the coefficients on
Momentum,,,,, and Momentum,,,.,., have different signs. These findings are consist-
ent with Dechow et al. (2001) and Karpoff and Lou (2010).

4 Data and main results
4.1 Data source

The sample consists of stocks listed on NYSE, AMEX, and NASDAQ for the period
from 1996 to 2018. Following Fang et al. (2016), I exclude firms in the financial
services industry (SIC 6000-6999) and utilities industry (SIC 4900-4949) as the
accounting rules, investment purposes, and processes significantly differ for these
industries. Several steps are taken to clean the data. I require firms to have available
information about investment and various variables needed for the calculation of
investment inefficiency to remain in the sample. In particular, I exclude firms with-
out capital expenditure information since it is a major component of total invest-
ment. The data used in the calculation of investment inefficiency are retrieved from
the Compustat-Fundamentals Annual database. Additionally, following Biddle et al.
(2009), I exclude industries with less than 20 observations in a given year. After
these screenings, there are 61,947 firm-year observations, which are then used to
calculate investment inefficiency.

Next, I match the measure of investment inefficiency with the short interest data
and require firms to have available information on short interest before the release
date of the annual report to remain in the sample. I retrieve short interest data,
defined as the number of all open short positions scaled by total common shares
outstanding, from the Compustat-Supplement Short Interest File. Short interest is
measured on the 15th of each month or the preceding business day if the 15th is
not a business day. The lag between the date of the short interest and the date of the
annual release of the financial report should not exceed one month. I impose this
lag between the release date of the annual report and the short sale date so that I can
test whether short-sellers can detect investment inefficiency ex-ante, in other words,
whether they are informed traders who possess superior information.

Finally, I require firms to have available information about various control vari-
ables. Data for the control variables are retrieved from the Compustat-Fundamentals

8 It can be obtained upon request.
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Table 1 Descriptive statistics

Variable N Mean STD 25% Median 75%

Variables for the inefficiency model

TI (%) 61,947 16.469 19.247 4.845 10.380 20.356
TIW (%) 61,947 9.280 13.191 2.084 4.879 10.680
SG (%) 61,947 20.778 62.370 —2.026 8.885 24.769
AG (%) 61,947 10.179 30.501 —3.494 6.261 19.136
Q 61,947 2218 1.816 1.177 1.617 2.507
CF (%) 61,947 4.322 18.983 1.819 8.011 13.364
Firm characteristics

Inefficiency® 40,594 0.633 0.642 0.257 0.487 0.763
Inefficiency®" 40,594 0.601 0.704 0.248 0.434 0.637
Inefficiency™ 40,594 0.618 0.677 0.203 0.425 0.768
Inefficiency”V 40,594 0.603 0.707 0.205 0411 0.704
SI (%) 40,594 4.344 5.904 0.520 2.181 5.650
ASI (%) 40,594 0.061 5.526 —3.044 —1.431 1.087
ROA (%) 40,594 2.200 5.114 1.436 3.035 4.558
Leverage 40,594 0.296 0.294 0.021 0.250 0.453
MB Ratio 40,594 3.099 4.759 1.306 2.159 3.694
Ln_MV 40,594 6.545 2.040 5.107 6.513 7.917
Ln_assets 40,594 6.431 2.003 4.995 6.400 7.794
Operating Accruals 40,594 —0.035 0.078 —0.064 —0.030 0.001
Board independence 15,713 0.743 0.151 0.667 0.778 0.875
CEO incentive pay 20,118 0.652 0.263 0.522 0.742 0.853
Variables for return predictability

CAR 37,690 -0.010 0.327 -0.177 - 0.020 0.138
Price 37,690 29.542 72.891 7 18.225 36.870
Volatility 37,690 0.134 0.110 0.083 0.116 0.162
Turnover 37,690 0.167 0.297 0.058 0.114 0.201
Age 37,690 20.442 13.636 9 17 30
Dividend 37,690 0.011 0.023 0 0 0.013
SP500 37,690 0.134 0.341 0 0 0

This table presents the summary statistics of variables in the whole sample. For each variable, I report
the number of observations (N), mean, standard deviation (STD), 25 percentile, median, and 75 percen-
tile. All variables are winsorized at the 1% and 99% to mitigate the impact of outliers. The sample period
is from January 1996 to December 2018. See Appendix for detailed descriptions of the variables

Quarterly database because some control variables are measured from the closest
quarterly report released before the release date of the annual report. After data
cleaning, there are 40,594 firm-year observations with available information about
investment inefficiency, short interest, and various control variables, making up the
main sample. Appendix shows the variables used in my empirical analysis and how
to construct them. Table 1 reports the summary statistics of variables in the whole
sample. I report the results of the main dependent and independent variables and
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other controlling variables. For each variable, I report the number of observations
(N), mean, standard deviation (STD), and the 25th percentile, median, and 75th
percentile values. I winsorize all variables at the 1 and 99% levels to mitigate the
impact of outliers. These variables are used in the following analysis.

In the economic significance analysis, I collect stock return information from
the Center for Research on Security Prices (CRSP) database. I require firms to have
available stock return information for the past two years since we need to calculate
the volatility of the stock return, which equals the standard deviation of monthly
stock returns over the past 24 months. Therefore, we have 37,690 firm-year observa-
tions in the economic significance analysis.

For the subsample analyses, I use information about board independence and
CEO incentive pay. Information about board independence is retrieved from the
RiskMetrics database, which covers Standard & Poor’s (S &P) 500, S &P MidCaps,
and S &P SmallCap firms. Information about CEO incentive pay is obtained from
the ExecuComp database.

Table 2 presents the regression results of the investment inefficiency model. Both
models are run for each industry-year based on the Fama-French 48-industry classi-
fication. Columns (1) and (2) report the results of the models by Biddle et al. (2009)
and McNichols and Stubben (2008), respectively.

As shown in column (1) of Table 2, the coefficient of sales growth is highly sig-
nificant. Therefore, investment is significantly correlated with output growth, which
is consistent with the assumption of acceleration theory. The results in column (2)
show that the coefficients of various variables related to investment opportunities are
highly significant. These results indicate that investment is strongly correlated with
investment opportunities.’

4.2 Univariate test

In this subsection, I present the results of a univariate test to examine the relation
between short-selling and investment inefficiency. If short-sellers are informed
about a firm’s investment inefficiency, then short-selling should be more severe for
firms with higher investment inefficiency. Following Hirshleifer et al. (2011), I sort
these sample firms into deciles based on the abnormal short interest closest to, but
before, the annual release of the financial report for each year. The abnormal short
interest is measured on the 15th of each month or the preceding business day if the
15th is not a business day. The lag between the date of abnormal short interest and
the date of the annual release of the financial report should not exceed one month. I
then test whether the mean of investment inefficiency in the top decile of abnormal
short interest is significantly higher than the mean of investment inefficiency in the
bottom decile. To do this, I first calculate the cross-sectional means of investment

9 Biddle and Hilary (2006), Francis and Martin (2010), and Bushman et al. (2011) also study capital
expenditures and R &D expenditures separately. To test whether these results are robust to the inclusion
of R &D expenditure, I use investment excluding R &D expenditure to calculate the investment ineffi-
ciency measures as one robustness check, and I present the results in Sect. 5.3.
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Table 2 Investment inefficiency

1 (2)
Biddle et al. (2009) McNichols and
Stubben (2008)
11, 11,
SG;,_, 0.048%**
(16.67)
AG;,, — 0.041%**
(-9.55)
Qi1 — 1.307**
(-2.31)
0 * ORT2;,_, 1958
(6.03)
Q * ORT3;,_, 3.010%*
(7.06)
Q * QRT4,,_, 3.195%#*
(6.40)
CF,, —0.030%*
(=1.74)
T, 0.289%##*
(16.28)
R? 0.052 0.323
Observations 61,947 61,947

Regression results from the investment inefficiency models of Bid-
dle et al. (2009) and McNichols and Stubben (2008), run for each
industry-year based on the Fama—French 48-industry classification.
The cross-sectional means of the coefficient estimates for all indus-
tries in a given year are calculated and then the time-series averages
of these cross-sectional means. Column (1) reports the results of the
investment inefficiency model of Biddle et al. (2009),

Tl;, = a + p,SG;,_; +¢;,
where T1;, is firm /’s total investment at year 7 scaled by its lagged
total assets, and SG is firm i’s sales growth in percentage from year

t — 1 to year . Column (2) reports the results of the investment inef-
ficiency model of McNichols and Stubben (2008),

Tl = a+ Qi1 + B0 * ORT2;, | + 30 = ORT3;,_,

+ 0,0 = ORT4;,_, + fsCF;,

+ BeAG;_y + BTl + €y
where Qi1 is the lag of Tobin’s q.
Q% ORT2;,_,(Q * ORT3,,_,, Q = ORT4,,_,) equals Q;,_, times an indicator
variable that equals 1if Q;, ;is in the second (third, fourth) quartile of
its industry and year distribution. CF;, stands for net cash flows from
operations (Compustat data item 308) scaled by total assets. AG;,_,
equals the natural log of total assets at the end of year t — 1 divided
by assets at the end of year ¢ — 2. The sample period is from January
1996 to December 2018. Newey—West corrected #-statistics of the time
series averages in parentheses. ***, ** and * denote significance at
the 1, 5, and 10% levels, respectively
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Table 3 Univariate test for the relation between short-selling and investment inefficiency

(¢)) @ 3) “) () ©6)
Low Decile 2 Decile 9 High Difference Difference
(High-Low) (Decile 9—
Decile 2)
Inefficiency® 0.611 0.592 0.657 0.689 0.078%** 0.066%**
(4.43) (4.69)
Inefficiency™ 0.609 0.602 0.658 0.684 0.075%%* 0.056%%*
(4.45) (4.39)

This table reports the results from univariate test for the relation between historical abnormal short inter-
est and investment inefficiency. Following Hirshleifer et al. (2011), I sort these sample firms into deciles
based on their abnormal short interest before the annual release of the financial report for each year. The
abnormal short interest is measured on the 15th of each month or the preceding business day if the 15th
is not a business day. The lag between the date of abnormal short interest and the date of annual release
of the financial report should not exceed one month. Then, I first calculate the cross-sectional means of
investment inefficiency for the top and the bottom deciles of abnormal short interest in each year and
then their differences. After that, I calculate the time-series average of these differences and test whether
the mean difference is significantly different from zero. This table reports the time-series average of
investment inefficiency for the top and bottom deciles of abnormal short interest and the differences in
means. The values in brackets are the z-values of the mean differences. ***, ** and * denote significance
at the 1, 5, and 10% levels, respectively

inefficiency for the top and the bottom abnormal short interest deciles in each year.
I then calculate their difference. After that, I calculate the time-series average of
the difference and check whether the mean difference is significantly different from
Zero.

Table 3 reports the results of the univariate test. I consider two measures of
investment inefficiency, Inefficiency® and Inefficiency™, calculated by Egs. (1) and
(3), respectively. Table 3 shows that the means of Inefficiency® in the top and bottom
deciles of abnormal short interest are 0.689 and 0.611, respectively. The difference
in mean is 0.078 and is significant at the 1% level (t-value = 4.43). It accounts for
12.15% of the difference in the standard deviations of Inefficiency®. The difference
in mean of Inefficiency™ between the top and bottom deciles is 0.075, which is also
significant at the 1% level (t-value = 4.45). It accounts for 10.65% of the difference
in the standard deviations of Inefficiency™. These results support the hypothesis that
short-sellers are informed about firms’ investment inefficiency. There is a positive
relation between abnormal short-selling activity and investment inefficiency.

4.3 Panel regression: baseline model

In this subsection, I present a baseline panel regression using the whole sample data
to investigate the relation between short-selling and future investment inefficiency.
In particular, I follow Jiao et al. (2016) to run the following panel regressions using
all data:

Ineﬁiciencyl-,, =a+p -ASL,_  + X o+ Y, v te, @)
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where ASI;,_, represents the abnormal short interest before the release of the annual
financial statement. Inefficiency;, serves as the measure of investment inefficiency.
X, refers to a list of control variables, including firm size, market-to-book ratio,
leverage, and return on assets, all measured with a lag of one quarter. Furthermore,
prior research finds a significant correlation between short interest and operating
accruals (Hirshleifer et al. 2011; Fang et al. 2016; Massa et al. 2015; Park 2017). I
further add operating accruals as control variables. '? Y;,_; refers to the list of inde-
pendent variables used in the investment inefficiency models of Biddle et al. (2009)
and McNichols and Stubben (2008). According to Chen et al. (2018), it leads to
biased coefficients and standard errors if the researcher decomposes a dependent
variable into its predicted and residual components in the first regression and uses
the residuals as the dependent variable in a second regression. As discussed above,
the investment inefficiency measures take advantage of the residuals in the mod-
els of Biddle et al. (2009) and McNichols and Stubben (2008). Hence, there is the
concern of biased coefficients and standard errors here because the equation above
uses investment inefficiency as the dependent variable. One of the approaches to
address this problem is to regress the residuals on the combination of all the inde-
pendent variables in the first regression and the independent variables in the second
regression (Chen et al. 2018). Following this approach, I further add regressors in
the models of Biddle et al. (2009) and McNichols and Stubben (2008) as independ-
ent variables in the above model.

Table 4 reports the results of the baseline panel regressions. I consider both
firm and year fixed effects and cluster the standard errors at the firm level. Col-
umns (1) and (2) report the results of Inefficiency® and Inefficiency™, respectively.
The coefficient of abnormal short interest on Inefficiency® is 0.003, as shown in
column (1), which is significant at the 1% level (t-value = 3.58). The coeffi-
cient of abnormal short interest on Inefficiency™ is 0.003, as shown in column
(2), which is also significant at the 1% level (¢-value = 3.37). Therefore, the
result of the baseline regressions demonstrates that short-selling reflects infor-
mation about a firm’s investment inefficiency. If a firm is becoming less efficient
in investment, then short-sellers react by holding a larger short position in the
firm’s stock before this information is made public. In summary, the result of
the baseline regression is consistent with that of the univariate test, and both of
them support Hypothesis 1.

To spell out why I choose to measure the short-selling activities just before the
release of the annual report, I draw the dynamic changes of the coefficient on ASI. 1
run the baseline model of Eq. (7) but replace ASI,_; with the abnormal short interest
levels 2 months, 4 months, 6 months, and 8 months before the release of the annual
financial report. I include the same controlling variables and consider the year and
firm fixed effects. I also cluster the standard errors at the firm level. Figure 1 shows
that the relationship between abnormal short interest and investment inefficiency is
stronger when it is closer to the release of the annual financial report. As short-sell-
ers can observe more information and have a more comprehensive understanding of

10" Appendix explains how to construct these variables.
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Table 4 Baseline regression
result

@ Springer

1 @)
Ineﬁ"zciencyfg Inejﬁciencyf”
ASI,_, 0.003 %% 0.0033#:#*
(3.58) 3.37)
MB Ratio,_, 0.002%* 0.0027%:
(2.20) (2.15)
Leverage,_, 0.187%%* 0.211%%%*
(6.78) (8.40)
ROA,_, — 0.007%** 0.002
(—4.52) (0.93)
Ln_MV,_, 0.065%** 0.017*
(7.04) (1.68)
Ln_Assets,_, —0.008 0.072%*%
(- 0.56) (5.15)
Operating Accruals,_, —-0.083 —0.123*
(— 1.45) (—1.94)
SG,_, 0.000
(0.89)
AG,_, — 0.056%**
(-2.93)
0, — 0.108***
(- 6.52)
Q * QRT2,_, 0.101%#%%*
(10.05)
QO = ORT3,_, 0.145%%%*
(11.85)
QO = ORT4,_, 0.146%**
(10.24)
CF, — 0.003%#*
(—5.14)
TI,_, 0.003%##*
(9.36)
R? 0.262 0.232
Firm fixed effect Yes Yes
Year fixed effect Yes Yes
Cluster standard errors Yes Yes
Observations 40,594 40,594
Number of firms 4919 4919

This table reports the panel regression results for the relation
between historical abnormal short interest and investment ineffi-
ciency. I run the following panel regressions using all data,

Inefficiency;, = a+ i -ASL;,_ + X, -n+ Y7 +e,
where ASI;,_,is the abnormal short interest before the release of the

annual financial statement. The abnormal short interest is measured
on the 15th of each month or the preceding business day if the 15th
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Table 4 (continued) is not a business day. The lag between the date of abnormal short
interest and the date of annual release of the financial report should
not exceed one month. Inefficiency;, is the measure of investment
inefficiency. X;,_; refers to a list of control variables including firm
size (Ln_MV and Ln_Asset), market-to-book ratio (MB Ratio), lev-
erage (Leverage), and return on assets (ROA), which are all meas-
ured at a lag of one quarter. Furthermore, previous research has
found significant correlations between short interest and operating
accruals (Hirshleifer et al. 2011; Fang et al. 2016; Massa et al. 2015;
Park 2017), I further add operating accruals (Operating Accruals) as
another control variable. Y;, ; refers to the list of independent vari-
ables that are used in the investment inefficiency models of Biddle
et al. (2009) and McNichols and Stubben (2008). I further add these
variables because it is one of the approaches to address the biased
coefficients and standard errors when using residuals as the depend-
ent variable in a second regression (Chen et al. 2018). I consider
both firm and year fixed effects and cluster the standard errors at the
firm level. Columns (1) and (2) report the results of Inefficiency® and
Ineﬁ‘iciencyM , respectively. *** **_ and * denote significance at the
1, 5, and 10% levels, respectively

a firm’s investment inefficiency when it is closer to the fiscal year end, I investigate
whether short-sellers are informed about a firm’s investment inefficiency at the time
point when the information is considered sufficient and comprehensive.

Figure 1 also shows that the lower bound of the 95% confidence interval for the
coefficient on ASI crosses over zero at the 4-month mark before the annual report
release. This suggests that the relationship between short-selling activities and
investment inefficiency becomes significant approximately 4 months prior to the
annual report release, coinciding with the release of the 3rd quarter report. As dis-
cussed in previous sections, the investment inefficiency measures are derived from
information disclosed in the annual financial report. This implies that short-sellers
gather and analyze information about a firm’s investment behaviors along the way,
enabling them to make informed conjectures about a firm’s investment inefficiency
one quarter before it becomes evident in the annual financial report.

To address the concern of omitted variables, I further include additional control
variables in the model, as shown in Appendix. These variables encompass dividend
cuts, competition, momentum, and misstatements in the financial reports. However,
the inclusion of these additional variables does not alter the significant relationship
between short-selling activities and investment inefficiency.

4.4 Anecdotal evidence

Texas Industries Inc. (Ticker Symbol: TXI) is a publicly traded company listed on
the New York Stock Exchange (NYSE). We analyze key financial metrics, includ-
ing the mean values of the natural logarithm of market value (Ln,,,), the natural
logarithm of total book value of assets (Lny,,,,), the market-to-book ratio (MBy,;,),
leverage (Leverage), and return on assets (ROA), over the period from 2005 to 2009.
These metrics exhibit the following means during this period: Lny,, (7.081), Ln, .
(7.146), MBy,,,;, (2.364), Leverage (0.398), and ROA (2.436%).
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Fig. 1 Dynamic changes of the coefficient. This graph plots the dynamic changes of the coefficient
of ASI. The ASI is measured on the closest short interest date, 2 months, 4 months, 6 months, and 8
months before the release of the annual financial report. The top and bottom panels plot the results of
Inefficiency® and Inefficiency™, respectively
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Fig.2 Case study of Texas Industries INC. This graph plots the trading volume, short interest, and
abnormal return around the release of the annual financial report for Texas Industries INC. The trad-
ing volume represents the monthly shares traded when the annual report is released, scaled by the total
shares outstanding. The abnormal return is the monthly abnormal stock return after the release of the
annual financial report

These values collectively suggest that Texas Industries Inc. does not display
extreme financial characteristics during this timeframe, indicating a relatively stable
performance. However, in the year 2006, the investment inefficiency of the company
worsens. Specifically, the measures of investment inefficiency (Inefficiency® and
Inefficiency™) increase from 0.560 and 0.345 in 2005 to 0.573 and 0.748, respectively.
Consequently, I observe an increase in short-selling activities before the annual report
release. For instance, the levels of short interest and abnormal short interest rise from
3.627% and — 2.646% in 2005 to 10.251% and 3.932%, respectively, in 2006.

After 2006, the investment inefficiency of Texas Industries Inc. continued to dete-
riorate until 2009. Consequently, the short-selling activities before the annual report
release also increased. Figure 2 depicts the short interest before the annual report
release,'! clearly illustrating an ascending pattern from 2005 to 2009. Consistent with
expectations, as short-selling activities before the annual report release intensified for
Texas Industries Inc. after 2005, the abnormal stock return around the annual report
release also turned negative, with a clear decreasing trend evident in Fig. 2

' The trend of abnormal short interest remains consistent. For the sake of maintaining a sense of dig-
nity, I have chosen not to plot the levels of abnormal short interest.
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4.5 Economic significance

I find a statistically significant positive correlation between short-selling before the
annual release of financial information and investment inefficiency. In this subsec-
tion, I study whether short-sellers can also use this information to generate eco-
nomic profits.

To measure the abnormal returns of a stock, I deduct the individual stock returns
by the returns of an equal-weighted benchmark portfolio, constructed follow-
ing Daniel et al. (1997). Specifically, I sort all firms traded on NYSE, AMEX, and
NASDAQ, excluding American Depository Receipts (ADRs),'? into quintiles based
on market capitalization. In each quintile of market capitalization, I sort firms into
book-to-market ratio quintiles to generate 5 X 5 groups. Then, in each of these 25
groups, I sort firms into momentum quintiles using the stock’s past one-year returns
while skipping the most recent month. This results in 125 (5 X 5 x 5) groups, and
then I construct the equal-weighted portfolio for each group. The benchmark portfo-
lio for a stock is that of the group to which the stock belongs.

Next, I use the model in Jiao et al. (2016) to run a Fama—MacBeth regression at a
yearly frequency:

CAR; (1111461 = @ + Py Inefficiency;, + p,X;, + €, 8)

where CAR, |, ,+¢) represents the accumulation over 6 months of abnormal returns.
Inefficiency;, serves as the measure of investment inefficiency. X; , refers to a list of
control variables used in Jiao et al. (2016), including the natural logarithm of the
stock price (Ln_Price;,), the natural logarithm of the standard deviation of stock
returns over the past 24 months (Ln_Volatility; ), the natural logarithm of firm age
(Ln_Age;,), the natural logarithm of stock turnover (Ln_Turnover; ), the dividend
(Dividend, ), and a dummy variable equal to one if the firm is in the S &P 500 index
(SP500;,). I also add operating accruals (Operating;Accruals;,) as a control variable
since it is well-documented in the literature to have return predictability (Hirshleifer
etal. 2011).

Table 5 reports the time-series average of the coefficient estimates from the
yearly cross-sectional regressions with their #-values (in brackets) adjusted using
the Newey—West method with three lags. The result in Table 5 shows that the coef-
ficients of the four measures of investment inefficiency are significantly negative,
above the 10% level. This means that investment inefficiency forecasts negative
abnormal returns. It is also worth noting that the coefficients of operating accru-
als are significantly negative, which is consistent with the previous literature, which
shows that accruals forecast negative returns. Therefore, the results suggest that
short-selling based on information inefficiency information can generate significant
profits. Short-sellers increase their short position in the stocks with a higher level of
investment inefficiency and receive significant returns from these activities.

12 The abnormal return is calculated using 1,192,888 firm-month return observations on CRSP from Jan-
uary 1996 to December 2019, where the shares are traded on NYSE, AMEX, and NASDAQ, excluding
American Depository Receipts (ADRs). The average number of stocks per month is 4142.
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Table 5 Economic significance

€Y} @) 3) €}

CAR; 1111.046] CAR; (111,116 CAR; 1111.416] CAR; 1111.046]
Ineﬁ?ciencyf — 0.010%**

(=3.75)
Inefficiency’ — 0.017%#*

(=3.37)
Inefficiency® —0.007*
(- 2.00)
Inejﬁciencyiww —0.010%*
(- 2.16)

Ln_Price, — 0.037%%* — 0.036%%* — 0.036%#* — 0.036%#*

(—5.54) (—5.48) (—5.54) (-5.52)
Ln_Volatility, — 0.043%#** — 0.042%#%* — 0.043%#** — 0.043%#%*

(- 3.71) (= 3.74) (- 3.75) (- 3.79)
Ln_Age, 0.025%*%* 0.024 %% 0.025%%#%* 0.024%*%*

(6.57) 6.52) (6.52) (6.55)
Ln_Turnover, —0.007 —0.007 —0.007 —0.006

(- 1.39) (- 1.37) (- 1.36) (- 1.36)
Dividend, — 0.8 %k — 0.80%#* — 0.8 %k — 0.80%#*

(— 4.85) (= 4.73) (- 4.86) (— 4.80)
Operating Accruals, — 0.082%#* — 0.085%* — 0.080%* — 0.082%*

(- 2.46) (= 2.50) (- 2.39) (- 2.42)
SP500, -0.011 —-0.011 —-0.010 —-0.011

(- 1.35) (- 1.40) (- 1.34) (- 1.38)
Intercept — 0.075%%* — 0.071%%* — 0.078##* — 0.077%#%*

(- 2.84) (= 2.60) (- 2.89) (- 2.81)
R? 0.045 0.047 0.045 0.046
Observations 37,690 37,690 37,690 37,690
Number of firms 4575 4575 4575 4575

Testing the economic significance of the relation between short sales and investment inefficiency. I use
the following model, incorporated in Jiao et al. (2016), to run a Fama—MacBeth regression at yearly fre-
quency:

CAR; | 141,46) = @ + PyInefficiency;, + p,X;, + €;,

where CAR; |, 46 is the accumulated abnormal returns over six months. The abnormal returns are
determined by reducing the individual stock returns by the returns of an equal-weighted benchmark
portfolio constructed using the firms within the same size, book-to-market ratio, and momentum groups.
The abnormal returns are calculated using 1,192,888 observations of firm-month returns in the CRSP
from January 1996 to December 2019, for shares traded on NYSE, AMEX, and NASDAQ excluding
American Depository Receipts (ADRs). The average number of stocks per month is 4142. Inefficiency;,
is our measure of investment inefficiency: it is one of Ineﬁ‘iciencyfl, Ineﬁﬁciency%, Ineﬁ‘iciencyflw and

Ineﬁiciencyi.‘jw. X;, refers to a list of control variables used in Jiao et al. (2016) including the natural
logarithm of stock price (Ln_Price;,), the natural logarithm of the standard deviation of stock returns
over the past 24 months (Ln_Volatility; ), the natural logarithm of firm age (Ln_Age;,), the natural loga-
rithm of stock turnover (Ln_Turnover; ), dividend (Dividend;,), and a dummy variable equal to one if
the firm is in the S &P 500 index (SP500; ). I further add operating accruals (Operating Accruals;,) as a
control variable as in the literature it is well-documented to have return predictability (Hirshleifer et al.
2011). The t-statistics (in brackets) of our four measures of investment inefficiency are calculated using
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Table 5 (continued)
the Newey—West method with three lags. ***, ** and * denote significance at the 1, 5, and 10% levels,
respectively

5 Robustness tests
5.1 Endogeneity

I document a significantly positive correlation between short-selling and upcom-
ing firm investment inefficiency information. However, this finding is subject to
an endogeneity concern, as unknown factors influence both abnormal short inter-
est and firm investment inefficiency. In other words, abnormal short interest may
be correlated with the error term in the regression. To address this potential endo-
geneity issue, I follow Brav et al. (2018) and Park (2017) in adopting a propensity
score matching procedure. This procedure reduces the potential bias that can result
either from the omission of observable variables or the specification of an improper
functional form for the relation between the observable variables and the outcome
variable of interest (Armstrong et al. 2010; Park 2017). In the matched design, each
treatment observation is matched with a control observation that does not receive
that treatment but is indistinguishable from it in terms of other relevant dimensions.
Therefore, any difference in the outcome between the treatment and control groups
is attributed to the treatment effect (Armstrong et al. 2010; Park 2017).

To run the propensity score matching, I first rank my sample firms into quintiles
based on abnormal short interest before the annual release of the financial statement
for each year. I consider the top quintile of abnormal short interest as the treatment
group because firms in the top quintile of abnormal short interest are the ones most
heavily shorted. The firms in the other groups are treated as control groups. Second,
I establish a dummy variable, DASI; ,, that equals one if it is in the top quintile of
abnormal short interest and zero otherwise. Third, I run a logistic regression that
sets DASI;, as the dependent variable:

logit(DASI;, = 1) = ¢(a + fX, ). (€

Here, X;, constitutes the vector of variables considered as determinants of short-
selling activities in previous literature, including firm size, return on assets, market-
to-book ratio, momentum, leverage, and operating accruals (Hirshleifer et al. 2011;
Karpoff and Lou 2010; Grullon et al. 2015; Diether et al. 2009). Industry and year
fixed effects are also controlled for in the regression. The predicted value in the
logit regression serves as the propensity score for matching purposes, and one-to-
one matching with replacement is employed. In other words, each observation in
the top quintile of abnormal short interest is matched with one observation in the
control group with the closest score. Observations in the control group may be used
multiple times in the matched sample. Additionally, an additional “maximum 1%”
constraint is imposed, meaning that matched pairs should have a propensity score
difference of less than 1
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Table 6 Comparison between treatment group and control group

M ) 3 4) 5 (6)
Before matching After matching
Treatment Control Difference Treatment Control Difference
ROA (%) 2.206 2.199 0.007 2213 2.137 0.076
(0.11) (0.84)
Momentum (%) 17.199 16.332 0.867 17.175 15.819 1.356
(1.22) (1.49)
Ln_MV 6.819 6,477 0.3435%:%% 6.816 6.801 0.015
(17.74) (0.50)
Ln_Assets 6.568 6.397 0.170%#* 6.569 6.593 - 0.024
(8.42) (= 0.77)
MB_ratio 3.438 3.014 0.4247%%%* 3.464 3.393 0.071
(6.49) (0.82)
Operating Accruals —0.038 —0.035 — 0.003%*%* —0.038 —0.038 0.000
(=330 (0.36)
Leverage 0.313 0.291 0.022%%%* 0.311 0.310 0.000
(5.72) (0.08)

Comparison of various firm characteristics between the firms in the treatment and control groups. We
will regard the firms in the top quintile of abnormal short interest as the treatment group and the firms in
the other quintiles as controls. I define a dummy variable DASI; , that equals one if it is in the top quintile
of abnormal short interest and zero otherwise, and then run a logistic regression that sets DASI;, as the
dependent variable as follows:

logit(DASI;, = 1) = ¢(a + pX;,).

where X; , is the vector of the set of variables that have been regarded in the literature as determinants of
short selling, including firm size, return on assets, market-to-book ratio, momentum, leverage and oper-
ating accruals (Hirshleifer et al. 2011; Karpoff and Lou 2010; Grullon et al. 2015; Diether et al. 2009).
I also account for industry and year fixed effects. I use the predicted value in the logit regression as the
propensity score for matching purposes and employ a one to one match with replacement. I also impose
an additional “maximum 1% ” constraint, which means the matched pairs should have a propensity score
difference less than 1%. The left and right columns report the results before and after the matching,
respectively. The numbers in brackets are the 7-values of the mean differences. ***, **_ and * denote sig-
nificance at the 1, 5, and 10% levels, respectively

To assess the effectiveness of the propensity score matching, I compare the
means of various firm fundamentals and characteristics between the treatment and
control groups before and after matching. Table 6 reports the results. Before match-
ing, significant differences exist between the treatment and control groups in terms
of Ln_MV, Ln_Asset, MB,,,;,, and Leverage. When all sample firms are consid-
ered, larger firms, higher market-to-book ratios, and higher leverages are associated
with more short-selling. For example, the difference in Ln_MYV between the treat-
ment and control groups before matching is 0.343 and significant at the 1% level
(t-value = 17.74). The differences in Ln_Asset, MB,,;,, and Leverage are 0.170,
0.424, and 0.022, respectively, all of which are significant at the 1% level. How-
ever, after matching, differences in firm characteristics between the treatment and
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control groups become indistinguishable. None of the differences are significant
after matching. These results suggest that this propensity score matching effectively
mitigates endogeneity concerns.

Next, I present the results of the following panel regression using the propensity
score matching sample to study the relationship between the level of abnormal short
interest and firm investment inefficiency.

Ineﬂiciencyi,l =a+BDASL,  +X;, - n+ Y, v +e (10)

Here, X;, ; constitutes the vector of variables considered as determinants of short-
selling activities in previous literature, including firm size, market-to-book ratio,
leverage, and return on assets, all measured with a lag of one quarter. Y;, ; refers
to the list of independent variables used in the investment inefficiency models of
Biddle et al. (2009) and McNichols and Stubben (2008). A positive coefficient of
suggests that a higher level of abnormal short interest before the release date is asso-
ciated with a higher level of investment inefficiency. Similarly, I control for industry
and year fixed effects and cluster standard errors at the firm level.

Table 7 reports the regression results. Columns (1) and (2) report the results of
Inefficiency® and Inefficiency™, respectively. The results show that for the matched
samples, the coefficients of DASI;, are both significantly positive. The coefficients of

DASI for Inefficiency® and Inefficiency are 0.050 and 0.046, respectively. Both of
them are significant at the 1% level. These results suggest the positive relationship
between abnormal short interest and investment inefficiency is robust after control-
ling for endogeneity concerns.

5.2 Alternative explanation

Some other alternative explanations for the relationship between short-selling activi-
ties and investment inefficiency bring up endogeneity concerns. There are two major
alternative explanations. First, weak corporate governance is associated with invest-
ment inefficiency due to increased agency problems (Shleifer and Vishny 1997). If
short-sellers target firms with weak corporate governance, then corporate govern-
ance tends to become endogenous. Second, certain events prior to the annual finan-
cial report release may be simultaneously related to short-selling activities and
investment inefficiency. However, I suggest that these concerns are considerably
minimal.

First, although short-sellers can identify firms with significant internal control
weaknesses, the evidence primarily focuses on material internal governance failures
(Singer et al. 2022). Considering the large sample size in this paper, the relationship
should not be driven solely by these rare instances of material internal governance
failure.

More importantly, if short-sellers target firms with material internal governance
failure, the significant relationship should appear around the discovery of such fail-
ures rather than the financial report release. Furthermore, since material internal
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Table7 Regression results
using the matched sample

1 2)
Ineﬁ‘iciencyfi Ineﬁ‘iciencyﬁw
DASI,_, 0.050%#%* 0.0467%#:*
(2.98) (2.67)
MB Ratio,_, 0.004* 0.002
(1.94) (1.06)
Leverage,_, 0.206%** 0.181%#*%*
(5.02) (4.62)
ROA,_, —0.005 0.002
(= 1.65) (0.58)
Ln_MV,_, 0.074%%% 0.006
(4.60) (0.36)
Ln_Assets,_, —-0.030 0.070%**
(—1.28) (2.98)
Operating Accruals,_; —0.185* — 0.272%*
(- 1.72) (—242)
SG,_, 0.000
(0.29)
AG,_, —0.049
(- 1.57)
O,y — 0.103%#*
(—3.64)
Q % ORT2,_, 0.104 %
(5.24)
Q % ORT3,_, 0.1527%#:*
(6.66)
Q * ORT4,_, 0.157 %%
(6.02)
CF, — 0.003%##*
(—2.90)
T1,_, 0.004
4.71)
R? 0.388 0.364
Firm fixed effect Yes Yes
Year fixed effect Yes Yes
Cluster standard errors Yes Yes
Observations 14790 14790
Number of firms 3797 3797

Regression results for the matched sample. Specifically, I ran the fol-
lowing regression using the matched sample,

Inefficiency;, = a + pyDASI ;,_y +X;,—y -n+ Y, v + e,

where DASI is a dummy variable that equals one if it is in the top
quintile of abnormal short interest and zero otherwise. X;, ; is the
vector of the set of variables that have been regarded in the literature
as determinants of short selling, including firm size, market-to-book
ratio, leverage, and return on assets, which are all measured at a lag
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Table 7 (continued) of one quarter. Y;,  refers to the list of independent variables that
are used in the investment inefficiency models of Biddle et al. (2009)
and McNichols and Stubben (2008). I also control for industry and
year fixed effects and cluster standard errors at the firm level. **%*,
** and * denote significance at the 1, 5, and 10% levels, respectively

governance failures tend to be enduring, the significant relationship should not be
limited to the period around the financial report release.

The concern regarding events prior to the financial report release is also consid-
ered minimal. First, events preceding the financial report release are reporting-spe-
cific, and short-selling activities related to these events occur within a very short
period surrounding them. For example, Dai et al. (2021) find that the sharp increase
in short-selling activities for firms delaying financial report release focuses on the
month prior to the scheduled release.

However, Fig. 1 suggests that short-sellers have begun to detect investment inef-
ficiency four months prior to the financial report release. The short-selling activities
related to these reporting-specific events demonstrate a different pattern from that
documented in the present paper.

Second, the number of such reporting-specific events is relatively scarce com-
pared to the sample size in the present paper. For instance, the average number of
late reporting events each year in Dai et al. (2021) is 127, while the average number
of firms each year in the present paper is 1765. The late-reporting events account for
only around 7% of the firms in the present study. For the subsequent analysis, I have
identified 502 severe misstatement events, which constitute only about 1% of the
firms each year in the present study. It is highly unlikely that the significant relation-
ship between short-selling activities and investment inefficiency is biased by these
rare cases.

To support this point, I have conducted an additional analysis as shown in Appen-
dix. Short-selling activities are related to serious financial misstatements (Karpoff
and Lou 2010), and there is concern that these misstatements are related to invest-
ment inefficiency. I have implemented the following model to investigate whether
the filing of serious financial misstatements will affect the relationship between
short-selling activities and investment inefficiency:

Inefficiency;, = a + B, - ASI;,_| X Restatement;
+ B, - ASI;, | + f; - Restatement; (11)
F X N+ Yy +eg

where ASI;, , is the abnormal short interest before the release of the annual finan-
cial statement. Restatement,, is a dummy variable that indicates whether a material
inadvertent (unintentional) or fraudulent (intentional) error exists in a firm’s finan-
cial statements. ASI;, | X Restatement; , is the interaction term between ASI;, ; and
Restatement, ;. Inefficiency;, is the measure of investment inefficiency. X;, | refers to
a list of control variables included in Table 4. Y,  refers to the list of independent
variables that are used in the investment inefficiency models of Biddle et al. (2009)
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and McNichols and Stubben (2008). I consider both firm and year fixed effects and
cluster the standard errors at the firm level.

The result in Appendix shows that the coefficient of ASI;, | X Restatement;, is
insignificant, indicating that the filing of serious financial misstatement does not
affect the relationship between short-selling activities and investment inefficiency.

5.3 Investment inefficiency measure excluding R &D

I use a firm’s total investment (7I) to calculate the measures Inefficiency® and
Inefficiency™, which equal the sum of capital expenditures, R &D expenditures,
and acquisitions minus the sale of property, plant, and equipment. The literature
documents several reasons for separating capital expenditures and R &D expendi-
tures. First, according to the accounting principles generally accepted in the USA
(US GAAP), all R &D expenditures must be expensed when incurred, while capital
expenditures must be capitalized and depreciated over their economic useful lives
(Amir et al. 2007). Therefore, R &D expenses could be used to manage earnings
(Baber et al. 1991; Dechow and Sloan 1991; Graham et al. 2005; McNichols and
Stubben 2008). For example, Graham et al. (2005) indicate that 80% of executives
are willing to decrease R &D to meet an earnings target. As previous literature
has highlighted the relation between short sales and earnings management (Desai
et al. 2006; Karpoff and Lou 2010; Hirshleifer et al. 2011; Boehmer and Wu 2013;
Massa et al. 2015; Fang et al. 2016; Park 2017), to test whether the relation between
short sales and investment inefficiency is robust, it is worthwhile to exclude R &D
expenditures and focus on physical investments that are unrelated to earnings man-
agement. Second, according to Amir et al. (2007), R &D expenditures contribute
more to earnings volatility than capital expenditures, especially in R &D-intensive
industries. There are fundamental differences between R &D expenditures and capi-
tal expenditures, which make it more challenging to investigate the subsequent eco-
nomic benefits of R &D expenditures than those of capital expenditures.

To test the robustness of the relationship between abnormal short interest and
firm investment inefficiency, I use total investment excluding R &D expenditures
(TIW) to construct a measure of investment inefficiency. I run the same models as
in Egs. (1) and (3) but use 7/W as the dependent variable. I define the measures
of investment inefficiency as Inefficiency®” and Inefficiency™" using Biddle et al.
(2009) and McNichols and Stubben (2008), respectively.

Table 8 reports the results. Panel A of Table 8 reports the results of the univari-
ate test. The results show that the means of the measures of investment inefficiency
for the top deciles of abnormal short interest are significantly higher than those of
the low decile groups. The differences between High and Low (H-L) and between
the decile 9 and decile 2 portfolios (Decile 9-Decile 2) are all significantly positive.
Panel B of Table 8 reports the results of the panel regressions. The left columns
report the results using all firms, while the right columns report the results using the
matched sample. When I use all firms, the coefficients of ASI for Inefficiency®” and
Inefficiency™" are 0.004 and 0.003, respectively. Both of them are significant at the
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1% level. When I use the matched sample, the coefficients of DASI for Inefficiency®™
and Inefficiency™" are 0.050 and 0.038, respectively. They are significant above the
5% level. These results suggest that the positive relationship between the abnormal
short interest level and firm investment inefficiency is robust when excluding R &D
expenditures.

I also conduct the economic significance analysis using Inefficiency®” and
InefﬁiciencyMW and report the results in columns (3) and (4) of Table 5. The results
continue to demonstrate significant economic profits from short-selling that utilizes
information about investment inefficiency. The coefficients of Inefficiency®” and
Inefficiency™" on CAR are significantly negative at the 10% level or above.

6 Subsample analysis

In this section, I am presenting the results of subsample analyses to test Hypoth-
esis 2, 3, and 4. Specifically, I am investigating whether the relation between his-
torical abnormal short interest and investment inefficiency is different between over-
investment or underinvestment (Hypothesis 2), the firms with more or less board
independence (Hypothesis 3), and the firms with high or low CEO incentive pay
(Hypothesis 4).

6.1 Overinvestment and underinvestment

First, I test the relationship between historical abnormal short interest and invest-
ment inefficiency for the subsamples of overinvestment firms and underinvestment
firms. Initially, I define overinvestment and underinvestment firms following Chen
et al. (2011a). I sort all firms into two groups each year based on the standardized
residuals (Z’%) from Egs. (1) and (3). Firms in the top group are classified as overin-
vestment ﬁ;ms, and firms in the bottom group are categorized as underinvestment
firms. Then, I run Eq. (7) for both subsamples and present the results in Table 9. The
coefficients of ASI on Inefficiency®, Inefficiency™, Inefficiency®” , and Inefficiency™"”
are 0.006, 0.005, 0.006, and 0.004, respectively, for the overinvestment firms. All of
them are statistically significant at 5% or above. Meanwhile, none of the four coeffi-
cients for the underinvestment firms is significant, except for Inefficiency™. Although
the coefficient of ASI on Inefficiency™ is significant in the subsample of underinvest-
ment firms, the magnitude and the significance level of the coefficient are lower than
those in the subsample of overinvestment firms. The results indicate that the rela-
tionship between historical abnormal short interest and investment inefficiency is
significant for the overinvestment subsample but insignificant for the subsample of
underinvestment firms.

The coefficients of historical abnormal short interest for the subsample of over-
investment firms are also larger than those of the whole sample. For example, the
coefficient of ASI on Inefficiency® is 0.003 (¢t = 3.58) for the whole sample, while
it is 0.006 (¢t = 3.47) for the overinvestment firms. The results using other meas-
ures are similar. Overall, the significantly positive relationship between historical

@ Springer



C.Yu

A12A102dSaI ‘[9A3] %O PUE ‘G ‘T Q) T8 SOUBIYIUTIS AJOUIP 4 PUR ‘4 e "A[OANIOAASAI ‘SAINSBAW ADUSIOYJAUT INOJ Y} SULIY JUSUIISIAUI-IOPUN JO SI[NSaI 3y} 310dax

(8) 03 (6) suwnjoo a[IyM ‘Afpandadsar © | Koudroffour pue © , Kouadroyfour * , Lousroiffou * £ouaidyffouy Julsn SULIY JUSUNSIAUT-IOAO JO SYNSAI oY) 110dor (1) 03 (T) suwnio)
"SJUSIOLJI0D AU} JO SIN[BA-J DY) dIB SIORIQ OY) UL SIOQUINU Y], "z UOISSIZAI Ay} Pue J§ JO SIUSIOLIR00 3y} JO $YMNsal oy 110dox ATuo | “Ayorjdwirs 10 “[oAd] Wiy oy 18
SIOLIS pIepuels 9y} IISN[O PUB S199JJd PaxX Iedk PUB WLIY 90Nponul os[e [ (8§70 ‘T8 19 UY)) UOISSIIZAI PUOIIs € UT d[qeLreA Juapuadap 9y Se S[enpIsal Sulsn usaym SIOLId
pIepue)s pue SJUIOLJI0 Paselq A} ssaIppe o0} sayoeordde o) Jo QU0 SI IT 9SNLOAq SA[QRLIBA 9SAY) PPE IAYIINJ [ “(8007) U2qqmiS pue S[OYIINDOIN Pue (6007) e 12 21ppig
JO S[opOWI ASUSIOLJOUT JUSUIISIAUT SY) UT pasn aIe Jey) so[qerrea juopuadaopur Jo 181y oy 0 s1ojar 1 1e1renb ouo jo Sef © je panseau [[e are YoIym ‘(sjpn.Lody Suipiad()
sren1ode Sunerado pue (YY) s19sse U0 UINAI (28042427 ) 93eIA] ‘(OUVY gJ) ONRI J00Qq-0)-1aNTeW ‘(JaSSY U] PUR AJA W) 9ZIS WY SUIPN[OUT SI[qRLIBA [OIJUOD JO IST|
v 0} s10§01 Iy *KoUSLOLJoUT JUSUIISIAUT JO QINSBW Y} ST "Kouatoyffouy JUoWae)s [BIOUBUY [ENUUER ) JO SSBI[I oY) 210J0q JSAIAUI 1I0YS [BWIOUqe ay) st '~ oy a1oym
T4 41 Ty 4 T gy - 1 4 0 = Mouaroyfour

‘so[duresqns 10q 10J uonenba SuImor[oy oy uni  ‘uay], "(BI [0 T8 12 UayD))

SWLIY JUSUIISIAULIOpUN SB papIedal a1k dnoi3 wo1joq Ay Ul SWIY pue SWLIY JUSWISIAULIOAO st papre3ar are dnoi3 doj oy ur suur “(¢) pue (1) ‘sbg wouy A:U S[enpisal
PZIpIepuE)s ) U0 PIseq Iedk yoed sdnoid om) OJuT SWIY [[e 1I0S ] "JUSUNSIAULIOPUN PUB JUSWISIAULIIAO UO paseq sisATeue ojduwresqns jo synsar oy syrodar 9[qe) sy,

(11§47 o1y orcy orcy 19¢¥ 19¢¥ 19¢¥ 19t SULIY JO ToquInN
T62T°0C T6T°0C T6T°0T 7670 T0€°0C 20€°0T T0€°0T 70€°0C SUOTIEAIOSGQO)
SOA SO S SOA SO SO SO SOA SIOLI? pIepue)s IAsn)
SaX SoX SoX SOX SoX SOX SoX SaX JO9JJ° paxy Jea X
SA SN SO SOA SO SOA SN S 109)J9 PAxXy wLIg
SoX SoX SoX SO SoX SoA SoX SoX w2£ﬁﬁﬁ> ~ObEOU
60t°0 YLYO 6¥°0 S0S°0 87¢°0 60€°0 12€°0 $S€°0 A
t6'0) (9¢'D (€34 (69°0) (24 8+'¢) (10¢) e
1000 1000 #2000 0000 #5000 #9000 #4500°0 #9000 sy

wnfouatofouy walouatoyffour wlouaroyfouy Jlouaronffour anlouaroyfour nalouaroffour wlouaronffouy glouaroffour

JUQUIISQAULIOPU) JUSUSIAULIDAQ

(® 0 () © ) (© @ 4]

JUSWIISOAULIOPUN PUB JUSUWIISIAULIDAO :sisA[eue adwesqng 6 3|qel

pringer

As



Short selling and firm investment efficiency

abnormal short interest and investment inefficiency only exists for the overinvest-
ment firms, supporting Hypothesis 2.

6.2 Board independence

I test the relationship between historical abnormal short interest and investment inef-
ficiency for the subsamples of firms with little board independence and firms with
a high degree of board independence. As an important component of internal gov-
ernance, board independence can mitigate investment inefficiency (Liu et al. 2015),
which makes firms lacking board independence more susceptible to investment inef-
ficiency and more difficult to correct such investment inefficiency.

More importantly, compared with other general governance measures, board
independence is linked with short-selling activities (Rahman et al. 2021). Since a
lack of board independence will damage disclosure quality and increase informa-
tion asymmetry, it will facilitate short-selling activities by enhancing the informa-
tion advantage of short-sellers (Byrd and Hickman 1992; Fama and Jensen 1983;
Beasley 1996; Yekini et al. 2015; Rahman et al. 2021).

First, I sort all firms into two groups each year based on board independence. A
firm with a board that has a fraction of independent directors above the median is
regarded as a firm with high board independence, and a firm with a board that has a
fraction of independent directors below the median is regarded as a firm with little
board independence. Then, I run Eq. (7) for both subsamples and report the results
in Table 10. The results indicate that the relationship between historical abnormal
short interest and investment inefficiency is significant for firms with little board
independence, as shown in columns (1) to (4), but insignificant for firms with a
high degree of independence, as shown in columns (5) to (8). The coefficients of
ASI using Inefficiency®, Inefficiency™, Inefficiency®™ , and Inefficiency™” are 0.006,
0.005, 0.006, and 0.004, respectively, for firms with little board independence. All
of them are significant at 5% or above. Meanwhile, none of the four coefficients for
firms with a high degree of board independence is significant.

The coefficients of historical abnormal short interest for the subsample of firms
with little board independence are also larger than those of the whole sample. For
example, the coefficient of ASI using Inefficiency® is 0.003 (t = 3.58) for the whole
sample, while it is 0.006 (¢ = 3.31) for firms with little board independence. The
results using other measures are similar. Overall, there is only a significantly posi-
tive relationship between historical abnormal short interest and investment ineffi-
ciency for firms with little board independence, which supports Hypothesis 3.

6.3 CEO incentive pay
I will next examine whether the relationship between historical abnormal short

interest and investment inefficiency varies with CEO incentive pay. Linking man-
agers’ compensation to firm performance motivates managers to make more
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value-maximizing decisions (Mehran 1995; Morck et al. 1988; McConnell and Ser-
vaes 1990; Jensen and Murphy 1990; Minnick et al. 2011). Short-sellers’ threats are
significantly lower if a manager’s compensation is closely related to stock perfor-
mance, as managers will be diligent and pay attention to market movements.

To investigate whether the relationship between historical abnormal short interest
and investment inefficiency depends on CEO incentive pay, I will sort all firms into
two groups each year based on CEO incentive pay. CEO incentive pay is calculated
by

Salary;, + Bonus;

CEO_incentive_pay;, = 1 — ’
B _Payi; Total_CEO_compensation;

where Total_CEO_compensation is item TDC1 in the ExecuComp database, which
equals the sum of salary, bonus, other annual, the total value of restricted stock
granted, the total value of stock options granted calculated using the Black—Scholes
option-pricing formula, long-term incentive payouts, and all other totals. A firm
with CEO incentive pay above the median is regarded as having high CEO incentive
pay, and a firm with CEO incentive pay below the median is regarded as having low
CEO incentive pay. Then, Eq. (7) is run for both subsamples. I also introduce firm
and year fixed effects and cluster the standard errors at the firm level.

The results in Table 11 indicate that there is only a significant relationship
between historical abnormal short interest and investment inefficiency for firms with
low CEO incentive pay. For firms with high CEO incentive pay, the relationship
is insignificant. Moreover, the coefficients of AS/ for firms with low CEO incen-
tive pay are larger than those of the whole sample. For example, the coefficient of
ASI using Inefficiency® is 0.003 (r = 3.58) for the whole sample, while it is 0.005
(t =3.09) for firms with low CEO incentive pay. Short-sellers focus more on the
investment inefficiency of firms with low CEO incentive pay when making short
selling decisions. Overall, the results in Table 11 support Hypothesis 4.

7 Conclusion

I have researched whether short-sellers possess information about firm investment
inefficiency before it becomes publicly available. Utilizing the two inefficiency
measures proposed by Biddle et al. (2009) and McNichols and Stubben (2008), as
well as measures considering total investment or investment excluding R &D expen-
ditures, I identify a significant relationship between short-selling and investment
inefficiency. This relationship holds significance not just statistically but also eco-
nomically. Furthermore, I determine that the significant relationship between short-
selling and investment inefficiency is specific to overinvestment firms, firms with
limited board independence, and firms with low CEO incentive pay.

The literature documents that short-sellers can predict downward price move-
ments, but the information advantage they possess remains an empirical question.
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Moreover, the effect of short-selling on corporate investment is controversial. It
raises the question of whether the reduction in investments is attributable to the dis-
ciplinary impact of informed short-sellers or if it arises from the feedback effect of
reduced stock prices manipulated by uninformed short-sellers. These debates render
investment inefficiency unique in comparison with other instances of poor perfor-
mance in firms targeted by short-sellers.

I present, for the first time, evidence indicating that short-sellers possess an infor-
mation advantage concerning investment inefficiency. This insight elucidates the
disciplinary impact of short-sellers on investments that erode value, as illuminated
by Chang et al. (2019). Given their informed perspective on investment inefficiency,
particularly excessive investments, short-sellers exert a disciplinary influence on
firms, discouraging their involvement in such value-destroying investments.

The present study provides insights and implications for policymakers. Although
short-selling activities have increased tremendously in recent years, they are con-
centrated in the US market and underrepresented in the financial markets of devel-
oping countries. While some developing countries have aimed to relax restrictions
on short-selling, the prior research focuses on implications for price efficiency and
stock liquidity (Chang et al. 2014; Li et al. 2018). However, the current study offers
implications from a different perspective. I find that the informativeness of short-
selling activities regarding investment inefficiency centers on firms with overinvest-
ment, limited board independence, and CEO incentive pay. Developing countries
that aspire to ease restrictions on short-selling are grappling with significant over-
investment issues (Shi 2019) due to a higher prevalence of government-controlled
firms and lower levels of board independence (Liu et al. 2015). Consequently, these
nations could potentially benefit more from the disciplinary impact of short-selling
activities. The limited board independence necessitates greater external market dis-
cipline, prompting policymakers in these nations to further advance efforts in pro-
moting short-selling. While the present study focuses on the US context, the sub-
sample analysis of firms experiencing overinvestment, limited board independence,
and CEO incentive pay still offers insights and implications applicable to developing
countries grappling with similar issues.

As mentioned earlier, the information advantage of short-sellers falls into two
broad categories: either from public information or from private information (Engel-
berg et al. 2012; Boehmer et al. 2020). If the advantage comes from public informa-
tion, it implies that short-sellers have better analytical skills than the general pub-
lic. If the advantage comes from private information, it is evident since the general
public does not possess such private information. However, I have not distinguished
between these two channels in the present paper. It is expected that there will be
some future research in this area regarding whether the information advantage of
short-sellers over investment inefficiency arises from their superior analytical skills
or their unique information that the general public does not possess.
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Appendix: Definitions of the Variables

Variables

Definition

Inefficiency®

Inefficiency
Inefficiency®"
Inefficiency”V
SI

ASI

DASI

CAR

TI

TIW

SG

AG

CF

QRT2
QRT3
QRT4

Sizey,,

Investment inefficiency measure calculated using the model of Biddle et al. (2009)

Investment inefficiency measure calculated using the model of McNichols and
Stubben (2008)

Investment inefficiency measure calculated using the model of Biddle et al. (2009)
with the total investment excluding R &D as the dependent variable

Investment inefficiency measure calculated using the model of McNichols and
Stubben (2008) with the total investment excluding R &D as the dependent
variable

Short interest level

Abnormal short interest, which is defined as the difference between the short inter-
est and expected short interest calculated using the model proposed in Karpoff
and Lou (2010)

A dummy variable equal to one if abnormal short interest is in the top quintile and
zero otherwise

Cumulative abnormal returns relative to size, MB ratio, and momentum bench-
mark portfolio over a period of 6 months after the release of the annual report

Total investment, calculated as the sum of capital expenditures (Compustat data
item 128), R &D expenditures (Compustat data item 46) and acquisitions (Com-
pustat data item 129) minus the sale of property, plant and equipment (Compus-
tat data item 107), scaled by total book value of assets (Compustat data item 6)
at the beginning of the fiscal year

Total investment excluding R &D expenditures. It equals the sum of capital
expenditures (Compustat data item 128) and acquisitions (Compustat data item
129) minus the sale of property, plant and equipment (Compustat data item 107),
scaled by total book value of assets (Compustat data item 6) at the beginning of
the fiscal year

Sales growth, which equals sales at the end of current year minus sales at the end
of previous year, divided by sales at the end of previous year

Assets growth, equal to the natural log of total book value of assets (Compustat
data item 6) at the end of current year divided by total book value of assets at the
end of previous year

Operating cash flow, equal to net cash flow from operating activities (Compustat
data item 308) divided by total book value of assets (Compustat data item 6) at
the beginning of the fiscal year

Tobin’s Q, equal to (MV + AT — CEQ)/AT, where MV is the market value of
equity (Compustat data item 25 x Compustat data item 199), AT is the total book
value of assets (Compustat data item 6), and CEQ is the book value of common
equity (Compustat data item 60)

An indicator variable that equals 1 if Q;,_, is in the second quartile of its industry-
year distribution and zero otherwise

An indicator variable that equals 1if Q;,_; is in the third quartile of its industry-
year distribution and zero otherwise

An indicator variable that equals 1 if Q;,_, is in the fourth quartile of its industry-
year distribution and zero otherwise

Dummy variable that indicates whether a firm is sorted into the lowest size port-
folio in month ¢. Firms are ranked into three size-groups, lowest, medium and
highest, using their market values
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Variables

Definition

Size,

medium

MB low

MB

medium

Momentum,,,,,

Momentum,,,, gim

MB Ratio

Leverage

ROA

Ln_MV
Ln_Assets

Operating Accruals

Board independ-
ence

CEO_incentive_pay

Dividend Cut

Dummy variable that indicates whether a firm is sorted into the medium size
portfolio in month ¢. Firms are ranked into three size-groups, lowest, medium,
and highest, using their market values

Dummy variable that indicates whether a firm is sorted into the lowest market-to-
book ratio portfolio in month 7. Firms are ranked into three market-to-book ratio
groups, lowest, medium, and highest, using their ratios of market value of equity
over book value of equity

Dummy variable that indicates whether a firm is sorted into the medium market-
to-book ratio portfolio in month z. Firms are ranked into three market-to-book
ratio groups, lowest, medium, and highest, using their ratios of market value of
equity over book value of equity

Dummy variable that indicates whether a firm’s momentum is sorted into the low-
est portfolio in month z. Firms are ranked into three momentum groups, lowest,
medium, and highest, using their returns in month ¢ — 1

Dummy variable that indicates whether a firm’s momentum is sorted into the
medium portfolio in month ¢. Firms are ranked into three momentum groups,
lowest, medium, and highest, using their returns in month z — 1

Firm’s market-to-book ratio in the quarter prior to end of fiscal year, calculated as
market value of equity divided by book value of equity (Compustat data item 59)

Firm’s leverage in the quarter prior to the end of fiscal year, calculated as
(DLTTQ + DLCQ)/(DLTTQ + DLCQ + SEQQ), where DLTTQ and DLCQ are
the long-term debt (Compustat data item 51) and short-term debt (Compustat
data item 45) of a firm, respectively. SEQQ is the total shareholders’ equity
(Compustat data item 60)

Firm’s return on assets in the quarter prior to the end of fiscal year, calculated
as OIBDPQ/ATQ, where OIBDPQ is the income before depreciation and
amortization (Compustat data item 21) and ATQ is the total book value of assets
(Compustat data item 44)

The natural logarithm of firm’s market value in the quarter prior to the end of
fiscal year

The natural logarithm of firm’s total book value of assets (item 44) in the quarter
prior to the end of fiscal year

Operating accruals in the quarter prior to the end of fiscal year, calculated as
IBCY-(OANCFY-XIDOCY), where IBCY is the income before extraordinary
items (Compustat data item 76). OANCFY is the net cash flow from operating
activities (Compustat data item 108). XIDOCY is the cash flow from extraordi-
nary items and discontinued operations (Compustat data item 78). All variables
are standardized by the average total book value of assets (Compustat data item
44), which is the average between the total book value of assets in the current
quarter and that in the previous quarter

Number of independent directors divided by total number of directors on the board

Salary,; ,+Bonus;,

CEO_incentive_pay;, = 1 where

Total_CEO_compensation is item TDCI in the ExecuComp database, which

is the sum of the salary, bonus, other annual, the total value of restricted stock
granted, the total value of stock options granted calculated using the Black—
Scholes option-pricing formula, long-term incentive payouts, and all other totals

Dummy variable that indicates whether a firm’s dividend has decreased compared
to the previous year
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Variables Definition

HHI Competition is measured by the Herfindahl-Hirschman Index. The Herfindahl
Index is defined as the sum of squared market shares: HHI;, = Zf\il Siﬁ ,» Where
S, is the market share of firm 7 in industry j in year ¢, N, is the number of firms
in industry j in year ¢, and HHI;, is the Herfindahl Index of industry j in year
t. The market share of an individual firm is calculated by using the firm’s net
sales divided by the total sales value of the entire industry (Gu 2016; Giroud and
Mueller 2010)

Restatement Dummy variable that indicates whether a material inadvertent (unintentional) or
fraudulent (intentional) error exists in a firm’s financial statements. The informa-
tion is sourced from the Audit Analytics (AA) database. Material restatements
are identified based on the filing of Form 8-K Item 4.02, beginning on August
23, 2004 (Bartov et al. 2021)

Momentum Cumulative monthly stock return over the past 12 months

Appendix: Baseline regression result with additional control

variables

@ (@)
Ineﬁ?ciency? Ineﬁ?ciencyf"
ASI,_, 0.004%** 0.003***
(3.76) (3.40)
MB Ratio,_; 0.002%** 0.002*
(1.98) (1.68)
Leverage,_, 0.182%%% 0.195%#%
(6.58) (7.65)
ROA,_, — 0.008*** 0.001
(—4.96) 0.37)
Ln_MV,_, 0.051%** —0.020
(5.45) (—1.64)
Ln_Assets,_, 0.010 0.111%%*
0.69) (7.14)
Operating Accruals,_, —0.068 — 0.133%*
(- 1.18) (—2.05)
Dividend Cut, 0.051%** 0.050%**
(5.11) (4.62)
HHI, 0.047 0.034
0.63) (0.45)
Momentum, 0.0427%** 0.063***
(7.17) (6.34)
Restatement, 0.010 —0.027
0.34) (—0.85)
SG,_, 0.000
(1.29)

@ Springer



Short selling and firm investment efficiency

M @)
Ineﬁ‘iciencyfg Ineﬁ‘iciencyﬁu

AG,_; —0.035*
(- L.79)

0., — 0.110%**
(— 6.68)

QO = ORT2,_, 0.113%%:k%
(11.03)

Q = ORT3,_, 0.161%%*
(12.75)

Q = ORT4,_, 0.1597%#%*
(11.05)

CF, — 0.003***
(—5.54)

TI,_, 0.003%%*%*
9.17)

R? 0.267 0.235

Firm fixed effect Yes Yes

Year fixed effect Yes Yes

Cluster standard errors Yes Yes

Observations 40,594 40,594

Number of firms 4919 4919

This table reports the panel regression results for the relation between historical abnormal short interest
and investment inefficiency. I run the following panel regressions using all data,

Inefficiency,, = a+ p, -ASL;,  +X;, 1 -n+Y;, v +e,

where AS7,,_, is the abnormal short interest before the release of the annual financial
statement. The abnormal short interest is measured on the 15th of each month or
the preceding business day if the 15th is not a business day. The lag between the
date of abnormal short interest and the date of annual release of the financial report
should not exceed one month. Inefficiency;, is the measure of investment inefficiency.
X;,_, refers to a list of control variables included in Table 4. I have also included
dividend cut (Dividend Cut), competition (HHI), momentum (Momentum), and material
restatement (Restatement) as control variables. Detailed explanations for these addi-
tional control variables are provided in Appendix: Definition of the Variables. v;,_,
refers to the list of independent variables that are used in the investment inefficiency
models of Biddle et al. (2009) and McNichols and Stubben (2008). I consider both
firm and year fixed effects and cluster the standard errors at the firm level. Columns
(1) and (2) report the results of Inefficiency® and Inefficiency”, respectively. ***, ** and
* denote significance at the 1, 5, and 10% levels, respectively
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Appendix: Alternative explanation-financial misstatement

1 )
Inefﬁciencyfi Ineﬁﬁciencyf’l
ASI,_, X Restatement, — — 0.006 —0.002
(- 0.74) (- 0.34)
ASI,_, 0.004#** 0.0027%#%%*
(3.66) (3.41)
Restatement, 0.015 —0.028
0.47) (-0.87)
R? 0.265 0.235
Control variables Yes Yes
Firm fixed effect Yes Yes
Year fixed effect Yes Yes
Cluster standard errors ~ Yes Yes
Observations 40,594 40,594
Number of firms 4919 4919

This table examines whether the relationship between short-selling activities before the financial report
release and investment inefficiency will be affected by a significant financial misstatement in the financial
report. I have executed the following model:

Inefficiency;, = a + p, - ASI;,_, X Restatement;, + f, - ASI;,_| + f5 - Restatement ;, + X;,_; -n+ Y, -v + €,

where ASI;,_, is the abnormal short interest before the release of the annual finan-
cial statement. Restatement;, is a dummy variable that indicates whether a material
inadvertent (unintentional) or fraudulent (intentional) error exists in a firm’s finan-
cial statements. ASI;,_, X Restatement ;, is the interaction term between ASI;,_, and
Restatement ;. Inefficiency,, is the measure of investment inefficiency. X;,_, refers to a list
of control variables included in Table 4. v, _, refers to the list of independent vari-
ables that are used in the investment inefficiency models of Biddle et al. (2009) and
McNichols and Stubben (2008). I consider both firm and year fixed effects and clus-
ter the standard errors at the firm level. Columns (1) and (2) report the results of
Inefficiency® and Inefficiency, respectively. *** ** and * denote significance at the 1,
5, and 10% levels, respectively
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