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ABSTRACT
Prior literature indicates that the stock market is not simply a
sideshow but also a factor that impacts corporate operations and
decisions. This study examines the effect of a noise factor in the
stock market, investor sentiment, on the relationship between the
firm’s R&D spending and firm performance. Using a sample of
publicly traded firms in the Chinese A-share market between
2006 and 2019, the study demonstrates that R&D spending gen-
erally enhances (reduces) firm performance during optimism (pes-
simism) periods. Concerning the channels through which investor
sentiment impacts the R&D spending-firm performance relation-
ship, market-timing effects indicate that firms that time equity
issuance during optimism periods experience a positive R&D
spending-firm performance relationship, whereas firms that initi-
ate equity repurchase during pessimism periods have a negative
R&D spending-firm performance relationship. For catering effects,
when firms cater to short-horizon investors, R&D spending
reduces firm performance. The results contribute to R&D and
behavioural finance literature.
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1. Introduction

R&D is an effective way to maintain the long-term development of a firm
(Vithessonthi & Racela, 2016). R&D activities, which create new technologies and
improve firms’ productivity, enable firms to maintain competitive advantages and
generate new developments in the long run (Brown & Petersen, 2011). In this way,
R&D enhances firm performance. Conversely, R&D is a long and risky investment
process, which might worsen agency problems and harm the interest of some share-
holders and the value of firms (Alam et al., 2020). In this case, R&D reduces firm
performance. Accordingly, the relationship between R&D and firm performance is
inconclusive, and a comprehensive analysis of situations in which R&D increases
(decreases) firm performance is required.

Investor sentiment is a noise factor in the stock market, which thereby drives stock
mispricing (Danso et al., 2019). Prior studies suggest that stock overpricing reduces
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the cost of issuing stocks and relaxes firms’ financial constraints (Campello &
Graham, 2013). Financial flexibility then prevents underinvestment in value-enhanc-
ing projects and enhances firm performance (Campello & Graham, 2013).
Conversely, firms are encouraged to announce stock repurchases when stocks are
undervalued. Repurchase, which costs considerable financial resources, might crowd
out value-enhancing projects and cause underinvestment in these projects, which con-
sequently reduces firm performance (Muhammad et al., 2018).

R&D decisions are typically driven by firms’ financing conditions (Brown &
Petersen, 2011), since R&D is a long investment process that requires a smooth
financing path. If investor sentiment, which causes stock mispricing, changes firms’
financing conditions, it impacts firms’ R&D and, consequently, firm performance.

Moreover, the value of risky R&D is difficult to estimate. Therefore, investors
(especially optimistic investors) are possible to overestimate R&D values and posi-
tively react to R&D spending, causing stock price run-ups. If managers’ wealth is
positively associated with stock price run-ups, they will have strong incentives to cater
to investors’ preference of R&D and enhance R&D spending. In this scenario, manag-
ers might underestimate R&D risks and invest in R&D to cater to some investors’
preference and maintain stock price increases, which benefit managers’ private wealth.
However, managers’ opportunistic behaviour might incur the aforementioned agency
problem and harm firm performance.

Using a sample of publicly traded firms in the Chinese A-share market between
2006 and 2019, this study investigates the effect of investor sentiment on the R&D
spending-firm performance relationship. The study demonstrates that R&D generally
enhances (reduces) firm performance when investors are optimistic (pessimistic).
Two mechanisms explain these results. The market-timing effect indicates that invest-
ors’ optimism (pessimism) results in stock overpricing (under-pricing), which reduces
issuing (repurchase) costs and encourages managers to time stock issuance (repur-
chase). The result suggests that the timing of stock issuance during optimism periods,
which enables firms to raise low-cost stocks, prevents underinvestment in R&D and
enhances firm performance. Conversely, firms that perform a time-equity repurchase
during a pessimism period might suffer a liquidity shortage. R&D investment follow-
ing repurchase (liquidity shortage), which might crowd out other investments or lead
firms to adopt aggressive financing policies, reduces firm performance. However, if
firms use multiple financing channels to prevent liquidity shortages and to maintain
sufficient cash reserves, R&D after repurchase enhances firm performance. Moreover,
risky R&D, which enhances stock price volatility, is favoured by short-horizon invest-
ors (Alzahrani & Rao, 2014). The catering effect suggests that managers have incen-
tives to cater to investors’ preference of R&D and maintain stock price run-ups,
which benefit managers’ private wealth. In this scenario, managers tend to underesti-
mate R&D risks and overinvest in R&D projects, which harm firm performance and
cause agency problems.

This study contributes to the rapidly growing R&D and behavioural finance litera-
ture. Prior studies have indicated that the stock market is not only a sideshow but
also a factor that impacts corporate policies (Rhodes–Kropf et al., 2005). However, it
is unclear whether noise in the stock market also influences corporate investment
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decisions. The study fills this gap and demonstrates that noise (investor sentiment),
which causes stock mispricing, provides firms with opportunities to time low-cost
stock issuance. Low-cost stock financing serves as a good way of nurturing R&D and
prevents R&D underinvestment, which benefits firm performance. Accordingly, this
study proposes the bright side of stock market noise. That is, although noise results
in stock mispricing, it has a function of changing firms’ negative financing conditions
and mitigating the negative effect of financial constraints on R&D investments and
then firm performance. However, this study also demonstrates the dark side of noise.
That is, an agency problem occurs when managers cater to noise traders who prefer
risky R&D. Specifically, managers tend to underestimate R&D risks and overinvest in
R&D. This decision might harm firm performance but lead noise traders to positively
react to R&D spending. Investors’ positive reaction enhances the stock price and
allows managers to obtain private benefits from stock price increases.

Second, the R&D spending-firm performance relationship remains inconclusive.
On the one hand, R&D improves productivity and enhances firm performance; on
the other hand, risky R&D incurs agency problems and reduces firm performance.
Accordingly, this study focuses on scenarios in which R&D increases (decreases) firm
performance from a new perspective, investor sentiment, and finds that R&D gener-
ally enhances (reduces) firm performance during optimism (pessimism) periods.
Moreover, the study demonstrates an agency problem incurred by R&D spending.
R&D is sometimes considered to contribute to firms’ long-term development, but its
value and risk are difficult to be estimated by external investors. External investors
might show preference for R&D and positively respond to R&D spending when they
overestimate R&D values. If managers cater to investors’ preference, overestimate
R&D values and overinvest in R&D, this behaviour will harm firm performance. This
is an agency problem.

Third, the study demonstrates that R&D spending following equity repurchase
harms firm performance, because R&D might crowd out other value-enhancing
investments when repurchase has consumed firms’ financing resources (Braouezec,
2009). However, when firms access sufficient cash reserves after costly repurchase,
R&D improves firm performance. Accordingly, although equity has an advantage in
nurturing R&D, R&D firms should depend on multiple financing channels, including
internal cash flows and debts. Therefore, other financing resources can serve as com-
pensations for equities.

The rest of this paper is organized as follows. Section 2 provides the literature
review and proposes the hypotheses. Section 3 describes the data and methodology.
Section 4 explains the empirical results. Section 5 makes a conclusion.

2. Theoretical background, literature review and hypothesis development

2.1. Theoretical background

This study contributes to theories about the R&D spending-firm performance rela-
tionship. R&D is a crucial activity in a firm. However, it is inconclusive whether
R&D benefits firm performance or not. On the one hand, R&D is critical in enhanc-
ing firms’ competitive advantages and long-term development. Prior studies indicate
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that R&D, which generates new knowledge and patents, improves firms’ productivity
and performance (Brown & Petersen, 2011). Firms that better utilize R&D resources
generate more R&D products from even low R&D spending, thereby benefitting firm
performance. Vithessonthi and Racela (2016) show that R&D improves long-term
performance when firms combine new knowledge with current technologies. Hence,
R&D has a significant positive relationship with Tobin’s Q.

However, on the other hand, some studies show a negative relationship between
R&D and firm performance. Firms that waste R&D resources produce less high-qual-
ity innovation outputs and are unable to improve their operating performance
through R&D. Chen et al. (2014) argue that executives who are motivated by execu-
tive stock options are likely to invest in low-quality R&D. Low-quality R&D wastes
resources and creates little value, both of which harm firm performance. Alam et al.
(2020) suggest that intrinsic risks of R&D cause agency problems because R&D
enlarges financial and operating risks, which harm firm performance. Lee (2019) indi-
cates that when firms achieve better performance, the decrease in capitalized R&D
positively impacts the market value.

Concerning the types of innovation, some firms invest in radical innovation proj-
ects, which generate invention patents that significantly contribute to firms’ long-
term developments. However, firms’ short-term performance is reduced because a
risky R&D project requires a great investment of firm resources (Shen & Zhang,
2013). Conversely, some firms invest in incremental innovation projects, which gener-
ate utility and design patents that only improve firms’ short-term performance.

Therefore, prior studies suggest inconclusive R&D spending-firm performance rela-
tionships, which many theories can explain. The corporate governance theory sug-
gests that managers who invest a lot of human resources in a firm are risk-averse and
might not engage in R&D (Chu et al., 2020). Therefore, underinvestment in R&D
occurs when governance mechanisms do not efficiently encourage managers to take
risks and invest in R&D. The R&D underinvestment harms firm performance.
Moreover, although some governance mechanisms, such as executive stock options,
increase managers’ risk-taking incentives, managers might invest in low-quality R&D,
which also reduces performance (Chen et al., 2014).

This paper uses the behavioural finance theory to explain the R&D spending-firm
performance relationship. Different from the Efficient Markets Hypothesis, behav-
ioural finance theories suggest that stock prices might be misvalued because they are
influenced by noise factors related to noise traders and under-developed market
mechanisms. For instance, noise traders who cannot access and process firm-specific
information are unable to value stock prices precisely and, therefore, create noise
components in stock prices (Campello & Graham, 2013). Short-selling restrictions
prevent short sellers from incorporating negative information into stock prices. Stock
prices, therefore, react slowly to negative news and are overvalued (Boulton
et al., 2020).

Investor sentiment is another noise factor that leads stock prices to deviate from
fundamental values. Specifically, optimistic investors are typically overconfident about
firms’ future cash flows. Since stock prices are estimated based on the present value
of future cash flows, overconfidence drives stock prices to be overvalued. Conversely,
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pessimistic investors have pessimistic expectations and tend to underestimate firms’
future cash flows. Stock prices, therefore, are undervalued (Boulton et al., 2020).

Prior studies suggest that firms that announce stock issuance during overpricing
periods raise more funds and pay lower issuing costs (Campello & Graham, 2013).
Therefore, when optimism causes stock overpricing, overpricing facilitates low-cost
stock issuance and relaxes financial constraints (Muhammad et al., 2018). Financial
constraints are the main factors that lead firms to shrink R&D spending below an opti-
mal level, because R&D activities require long-term investments and a smooth financ-
ing path (Brown & Petersen, 2011). However, optimistic sentiment alleviates financial
constraints, thereby, prevents the potential underinvestment in R&D. Conversely, Dou
et al. (2021) suggest that when economic policy uncertainties mitigate the optimistic
sentiment of institutional investors, institutional investors will not promote innovation
investment. As mentioned above, R&D is sometimes crucial in improving firms’ prod-
uctivity, competitiveness and performance. If underinvestment in R&D is mitigated,
firm performance will be enhanced (Campello & Graham, 2013).

Conversely, when pessimism causes stock under-pricing, firms are likely to time
stock repurchase. Repurchase, which costs considerable financial resources, might
result in a liquidity shortage. R&D after liquidity shortage, thereby, might lead firms
to shrink other value-enhancing investments or adopt aggressive financing policies,
which causes underperformance. Although these predictions are reasonable, little
empirical evidence has been provided to support them. This study fills this gap.

2.2. Literature Review and hypothesis development

2.2.1. The market-timing effect
Investor sentiment, which is associated with biased expectations of investors, is a
main noise factor that influences stock prices (Grundy & Li, 2010). Muhammad et al.
(2018) suggest that investors who are optimistic about firms’ prospects cause stock
overpricing, whereas investors’ pessimistic expectations of firms’ future earnings
sometimes result in under-pricing.

If optimism causes stock overpricing, this overpricing offers managers an oppor-
tunity to issue new stocks at low costs and alleviate their financial constraints (Danso
et al., 2019). Boulton et al. (2020) suggest that firms typically announce stock issuance
during overpricing periods, as overvalued stocks enable firms to raise more funds and
pay lower issuing costs.

Financial constraints prevent firms from investing in profitable projects, whereas
overpricing, which helps to ease financial constraints, mitigates underinvestment
problems (Muhammad et al., 2018). Danso et al. (2019) suggest that financial con-
straints force firms to turn down positive NPV projects, whereas stock overpricing,
which offers financial flexibility, eases underinvestment in value-enhancing projects.
Campello and Graham (2013) suggest that stock price run-ups during the bubble
period narrow the ‘investment gap’ between financially constrained and uncon-
strained firms. The relief of underinvestment problems in financially constrained
firms allows them to improve their operating performance. Muhammad et al. (2018)
demonstrate that overpricing, which enables firms to time low-cost stock issuance
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and eases financial constraints, motivates firms to allocate capital towards productive
projects that enhance performance. In this scenario, firms experience better perform-
ance when they issue stocks during overpricing periods.

R&D projects typically suffer severe financial constraint problems because R&D
risks enhance information asymmetry. Firms shrink their R&D spending below the
optimal level (underinvestment in R&D) in response to financial constraints (Brown
& Petersen, 2011). Optimistic sentiment, which causes stock overpricing, plays a role
in mitigating financial constraints, preventing R&D underinvestment, and increasing
firm performance. Accordingly, the hypothesis is proposed as follows

H1a: Optimistic investor sentiment, which facilitates firms issuing low-cost stocks,
prevents underinvestment in R&D and improves firm performance.

Conversely, financial flexibility enables firms to accept negative-NPV projects
(Danso et al., 2019). Danso et al. (2019) indicate that overpricing reduces the cost of
issuing stocks, which turns negative-NPV projects into positive ones. The investment
in negative-NPV projects harms firm performance. Alzahrani and Rao (2014) argue
that overpricing as the result of optimism encourages managers to invest in negative-
NPV projects, which reduce performance.

R&D might enhance firms’ financing and operating risks and incur agency prob-
lems. If managers do not evaluate the risk and value of R&D projects comprehen-
sively, R&D harms firm performance (Alam et al., 2020).

H1b: Optimistic investor sentiment, which facilitates the issuing of low-cost stocks, leads
managers to waste low-cost resources to invest in R&D projects that harm firm
performance.

Unlike optimism, pessimism leads to stock under-pricing. Firms are likely to
announce stock repurchases during under-pricing periods in order to save capital
(Muhammad et al., 2018). Muhammad et al. (2018) demonstrate that rational firms
that tend to change their capital or ownership structures repurchase undervalued rather
than overvalued stocks. However, repurchase costs a lot in firm resources, such as
internal cash. Firms even enhance the financial leverage and bear a high financial bur-
den due to repurchase, which weakens firms’ investment (e.g., R&D investment) incen-
tives (Kusnadi & Wei, 2017). Kusnadi and Wei (2017) argue that undervalued firms
that initiate repurchase are likely to forgo even value-enhancing investments due to a
liquidity shortage, and therefore harm performance. Accordingly, a transient liquidity
shortage caused by repurchase might weaken firms’ R&D incentives, cause underinvest-
ment in R&D, and harm performance. The hypothesis is proposed as follows

H2a: Pessimistic investor sentiment encourages stock repurchase, which crowds out
R&D spending, causes R&D underinvestment, and harms firm performance (a positive
R&D spending-firm performance relationship).

Conversely, the compulsive R&D investment after repurchase might require firms
to shrink their investment in other positive-NPV projects. That is, R&D after repur-
chase might crowd out some risk-less and value-enhancing projects and decrease firm
performance (Shen & Zhang, 2013). Moreover, firms that try to maintain a stable
path for R&D might adopt aggressive financing policies (overleveraging) to nurture
R&D after repurchase. Firms, therefore, bear a higher financial burden, which harms
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firm performance (Braouezec, 2009). Accordingly, the hypothesis is suggested
as follows:

H2b: Firms experience worse performance if they enhance R&D spending after
announcing stock repurchase during pessimism (a negative R&D spending-firm
performance relationship).

2.2.2. The catering effect
The catering effect also explains the relationship between investor sentiment, R&D
spending and firm performance. Specifically, managers who cater to optimistic invest-
ors might invest in negative-NPV projects whose value is overestimated by optimistic
investors (Grundy & Li, 2010). Alzahrani and Rao (2014) suggest that managers who
cater to optimistic investors are likely to make inefficient R&D decisions because
optimistic investors who overestimate the value of R&D projects even positively react
to low-quality risky R&D. In this scenario, R&D caused by catering effects increases
risks but generates little value, thereby harming performance.

Meanwhile, managers who are keen to curb pessimistic sentiment might invest in
R&D. This is because the R&D value is difficult to estimate, and even pessimistic
investors have a probability of overestimating R&D values and changing pessimistic
expectations about firms’ prospects (Chan et al., 2001). However, if managers, who
are keen to change investors’ pessimistic expectations through R&D, do not evaluate
the risk and value of R&D comprehensively, R&D might reduce firm performance.
Accordingly, another hypothesis is proposed

H3: Managers who cater to investors are likely to invest in R&D projects that reduce
firm performance.

3. Data and methodology

3.1. Sample selection

The study adopts a sample of publicly traded firms in the Chinese A-share market
from 2006 to 2019. The study excludes financial firms due to their special capital struc-
tures. Firms that have at least 2-year deficits (specially treated firms) and that have
missing values for financial data are excluded from the sample. After these cleaning
steps, the final sample includes 3,469 firms and 29,473 observations. The data are
obtained from the China Stock Market & Accounting Research database (CSMAR).

3.2. R&D Spending

This study discusses the effect of investor sentiment, which changes firms’ ability to
access low-cost equity financing, on R&D spending. Accordingly, R&D spending is
measured using two proxies: the R&D spending to total assets ratio (R&D/Total
assets) and the R&D spending to sales ratio (R&D/Sales) (Alam et al., 2020).

3.3. Investor sentiment

Rhodes–Kropf et al. (2005) indicate that Tobin’s Q contains fundamental and non-
fundamental components. Fundamental components indicate shareholders’
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expectations that reflect fundamental information, whereas nonfundamental compo-
nents are driven by noise, such as investor sentiment. This study uses nonfundamen-
tal components to estimate sentiment (Grundy & Li, 2010). Specifically, investor
sentiment (nonfundamental components) at the firm level is defined as the difference
between the market value and the fundamental value of a firm’ s stock, and the posi-
tive (negative) difference indicates that optimism (pessimism) dominates a firm’s
stock price (Rhodes–Kropf et al., 2005). Accordingly, the study introduces the opti-
mistic (pessimistic) dummy variable (Optimism and Pessimism in Table A2).

According to Rhodes–Kropf et al. (2005), the fundamental value of stocks is calcu-
lated as follows

lnðMÞi, t ¼ b1j, t þ b2j, tln Book valueð Þi, t þ b3j, tln jNet incomejð Þi, t
þ b4j, tln jNet incomejð Þi, t � DðNet incomei, t<0Þ þ b5j, tLeveragei, t þ ei, t (1)

where i denotes firms, j indicates industries, and t reflects years. ei, t is an error term.
M is the sum of the market value of equity and the book value of debts. Book value
is the book value of total assets. DðNet incomei, t<0Þ is a dummy variable that equals 1 if
firms earn a negative net income, and 0 otherwise. Leverage is the ratio of total debts
to total assets. The estimation process is repeated based on the industry level for the
entire sample period. Hence, the fundamental value of stocks is calculated asdlnðMÞi, t ¼ bj, t � hi, t, where bj, t is coefficients estimated in Equation (1) and hi, t
indicates independent variables in Equation (1).

Moreover, the fundamental component of Q (Fundamental_Q) is calculated as
ti, t � lnðBook valueÞi, t, where ti, t ¼ bj � hi, t and bj is calculated as the time-level
industry mean of bj, t , which indicates the long-term industry multiples. hi, t is inde-
pendent variables in Equation (1).

3.4. Firm performance

This study uses the EBIT-to-total assets ratio (ROA) and Fundamental_Q to measure
firms’ operating and market performance respectively (Rhodes–Kropf et al., 2005;
Vithessonthi & Racela, 2016). Moreover, as a large R&D investment reduces the
profit of firms in the short run, the study adopts the R&D spending adjusted ROA
(Adjusted_ROA in Table A2) (Shen & Zhang, 2013).

3.5. Empirical model

This study adopts the following empirical model:

Performancei, t ¼ b1 þ
X3
m¼1

beR&Di, t�m þ
X3
m¼1

bf Sentimenti, t�m

þ
X3
m¼1

blðR&D� SentimentÞi, t�m þ
X

bkControli, t�1 þ cj þ dt þ ei, t

(2)
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where i denotes firm, j indicates industry, and t reflects year. cj and dt capture the
industry and year fixed effects. ei, t is an error term. Performance denotes perform-
ance proxies in Section 3.4. R&D represents R&D proxies in Section 3.2. Sentiment
reflects Optimism and Pessimism dummy variables in Section 3.3. Control indicates
control variables suggested by Vithessonthi and Racela (2016), including industry-
level stock returns (Industry_return), firm size (Size), financial leverage (Leverage),
and PPE ratio (PPE). Control variables are defined in Table A2.

Since R&D might not generate R&D products and impact firm performance in the
short run, the study considers the lagging effect of R&D on performance
(Vithessonthi & Racela, 2016). It is difficult to use a statistical method (e.g., AIC in
time series analysis) to determine the lag order of independent variables when dealing
with panel data, therefore, this paper uses 3-year time lags of explanation variables,
and the results hold when adopting 5-, 7-, and 10-year time lags of R&D proxies1.
The baseline models are estimated using the fixed effects regression method. The
study focuses on the coefficient of the interaction (bl), which estimates the effect of
R&D on subsequent performance during optimism (pessimism).

4. Empirical results

4.1. Summary statistics

Table 1 presents the statistics of main variables. Specifically, the sample means of R&D/
Total assets and R&D/Sales are 0.002 and 0.004 respectively, which are lower than 0.015
and 0.012 mentioned by Alam et al. (2020). The sample means of ROA and
Adjusted_ROA are 0.058 and 0.071 respectively, which are higher than 0.030 and 0.051
in Vithessonthi and Racela (2016) and Shen and Zhang (2013). The sample mean of
Fundamental_Q is 0.568, which is higher than 0.480 in Rhodes–Kropf et al. (2005). For
financial variables, the sample means of Size and Leverage are 22.023 and 0.434 respect-
ively, which are higher than 6.510 and 0.208 in Vithessonthi and Racela (2016). The sam-
ple mean of PPE (0.226) is slightly smaller than 0.247 in Vithessonthi and Racela (2016).

4.2. Basic results

Panel A of Table 2 exhibits the R&D spending-firm performance relationship during
optimism. In column (1), the coefficient of 2-year lagged interaction between R&D

Table 1. Summary statistics.
Variables Obs. Mean Std. Dev. Min Max

R&D/Total assets 29,473 0.002 0.005 0 0.035
R&D/Sales 29,473 0.004 0.013 0 0.095
ROA 29,473 0.058 0.061 �0.208 0.24
Adjusted_ROA 29,473 0.071 0.065 �0.198 0.258
Fundamental_Q 29,473 0.568 0.287 �0.162 1.269
Size 29,473 22.023 1.292 19.528 25.999
Industry_return 29,473 0.314 0.625 �0.617 2.541
Leverage 29,473 0.434 0.211 0.05 0.94
PPE 29,473 0.226 0.169 0.002 0.724
Optimism 29,473 0.562 0.496 0 1
Pessimism 29,473 0.432 0.495 0 1

Source: self-made.
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and Optimism is significantly positive (0.540), indicating that R&D enhances subse-
quent ROA during optimism. This result can be explained by H1a and is consistent
with the argument that overpricing caused by optimism relaxes financial constraints
and contributes to value-enhancing R&D (Muhammad et al., 2018). Economically,
when optimism dominates stock prices, a 1% increase in R&D spending results in an
average 0.540% increase in ROA in the second year after R&D spending. This
increase accounts for more than 9.334% (0.540/5.785) of the sample mean of ROA.
The results in columns (2) and (3) are consistent with those in column (1) when
using Adjusted_ROA and Fundamental_Q respectively. In columns (4) to (6), the
results hold when using R&D/Sales.

Panel B shows the R&D spending-firm performance relationship during pessimism.
In column (1), the coefficient of 2-year lagged interaction is significantly negative
(-0.517), indicating that R&D reduces the subsequent ROA during pessimism. Both
H2b and H3 explain this result. Firms tend to repurchase undervalued stocks during
pessimism, which leads to a temporary liquidity shortage. R&D after liquidity short-
age harms firm performance (Shen & Zhang, 2013). Moreover, managers who curb
pessimism might be keen to invest in R&D that is favoured by pessimistic investors

Table 2. Investor sentiment and the R&D spending-firm performance relationship.
A

R&D/Total assets R&D/Sales

(1) (2) (3) (4) (5) (6)

(R&D�Optimism)i:1-year lag �0.209 �0.333 0.833� �0.099 �0.141 0.104��
(-0.957) (-1.402) (1.735) (-0.975) (-1.259) (2.270)

2-year 0.540��� 0.628��� �0.588 0.054��� 0.089��� 0.053
(2.747) (3.059) (-1.006) (3.310) (4.956) (0.651)

3-year �0.139 �0.093 0.214 �0.064 �0.056 �0.009
(-0.749) (-0.439) (0.392) (-0.794) (-0.603) (-0.074)

Constant 0.050�� 0.021 4.121��� 0.077��� 0.078��� 4.122���
(2.498) (0.952) (66.467) (3.941) (3.285) (66.463)

Industry and year fixed effects, controls,
lagged Optimism and R&D

yes yes yes yes yes yes

R2 0.030 0.037 0.428 0.033 0.034 0.428
Observations 18,051 18,051 18,051 18,051 18,051 18,051

B

R&D/Total assets R&D/Sales

(1) (2) (3) (4) (5) (6)

(R&D�Pessimism)i:1-year lag 0.224 0.260 �4.020�� �0.015 0.025 �0.425��
(0.905) (0.962) (-2.196) (-0.327) (0.308) (-1.975)

2-year �0.517�� �0.682��� 0.346 �0.011� �0.161�� �0.133
(-2.398) (-3.069) (0.610) (-1.849) (-2.326) (-0.942)

3-year 0.076 0.043 0.298 0.023 0.006 0.040
(0.358) (0.183) (0.808) (0.453) (0.085) (0.718)

Constant 0.091��� 0.087��� 4.118��� 0.097��� 0.056��� 4.334���
(4.235) (3.368) (66.097) (7.542) (3.430) (51.293)

Industry and year fixed effects, controls,
lagged Pessimism and R&D

yes yes yes yes yes yes

R2 0.032 0.034 0.428 0.046 0.049 0.395
Observations 18,051 18,051 18,051 18,051 18,051 18,051

Note: This table presents the results of the effect of investor sentiment on the R&D spending-firm performance rela-
tionship. The fixed effects model (FEM) is used. Robust z-statistics are in parentheses.���p< 0.01, ��p< 0.05, �p< 0.1.
Source: self-made.
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but do not fully consider the R&D risk (Chan et al., 2001). Economically, when pes-
simism dominates stock prices, a 1% increase in R&D spending results in an average
0.517% decrease in ROA in the second year after R&D spending, and this decrease
accounts for 8.937% (0.517/5.785) of the sample mean of ROA. In columns (2) and
(3), the results align with those in column (1) when using Adjusted_ROA and
Fundamental_Q respectively. In columns (4) to (6), the results hold when adopting
R&D/Sales.

4.3. IV Regressions

Well-performed firms are likely to use R&D to maintain competitive advantages,
which causes reverse causality problems. This section uses the instrumental variable
(IV) regression method. Specifically, I regress R&D proxies on two excluded IVs and
control variables in Equation (2) in the first step. The first excluded IV is industry
competition estimated as the Herfindahl-Hirschman Index of industry firms’ sales
(
P ðSalesiSalesÞ2), because industry competition has a non-linear relationship with R&D
(Aghion et al., 2005), whereas individual firm performance might not impact industry
competition. The second one is the ratio of government R&D expenditures to GDP.
Prior studies document a complementary (substitution) relationship between govern-
ment and corporate R&D spending (David et al., 2000), whereas government R&D is
not directly associated with individual firm performance. F-statistics of first stage
regressions2 are significant, indicating that estimated IVs are efficient. The second-
step regression results (Table 3) demonstrate the main findings.

4.4. PSM regressions

This section uses the propensity score matching (PSM) method. Specifically, I con-
struct an increased R&D dummy variable that equals 1 when R&D/Total assets
(R&D/Sales) in the financial year is higher than that in the last year (Shen & Zhang,
2013). Then, I estimate the propensity score by regressing the increased R&D dummy
variable on ROA, Adjusted_ROA, Fundamental_Q and control variables in Equation
(2) and select a group of matching firms based on the propensity score. In this case,
matching firms have not increased their R&D compared with last year. However, the
difference in financial characteristics, such as ROA, between matching and treatment
firms are small (Table A1). Hence, the reverse causality effect of financial factors
(e.g., ROA) on R&D is alleviated. The matching (treated) group includes 10,591
(2,347) observations (1:5 nearest neighbor matching). The results in Table 4 demon-
strate the main findings.

4.5. Additional control variables

Some factors impact stock price efficiency, R&D and firm performance simultaneously,
resulting in endogeneity problems. For instance, institutional investors serve to improve
stock price efficiency. Meanwhile, institutional investors govern risk-averse managers to
engage in value-enhancing R&D (Aghion et al., 2013). Ownership concentration is
another corporate governance factor that impacts R&D performance. Meanwhile, the

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 6267



separation between ownership and control enhances information asymmetry, which
causes noise in stock prices. Accordingly, I control proxies concerning the local institu-
tional investors’ ownership (Institution), qualified foreign institutional investors’ (QFIIs)
ownership (QFII_ratio) and ownership concentration (Top5), which are defined in
Table A2.

Moreover, I control variables mentioned by Shen and Zhang (2013), including
industry competition (Competition), advertisement expense (Advertisement), and
cash dividend payment (Cash_dividend). The results in Table 5 support the
main findings.

4.6. The market-timing effect

This section tests firms’ market-timing behaviour. I construct the issuance (repurchase)
timing dummy variable that equals 1 if firms announce equity issuance (repurchase)
during optimism (pessimism) (Timeop and Timepe in Table 2) (Alzahrani & Rao,
2014), and introduce an interaction between Timeop (Timepe) and R&D.

Table 3. IV regressions.
A

R&D/Total assets R&D/Sales

(1) (2) (3) (4) (5) (6)

(R&D�Optimism)i:1-year lag �71.000 39.725 20.755� 20.784 38.955 �13.904
(-1.001) (0.750) (1.850) (1.064) (1.622) (-1.031)

2-year 34.673�� 22.263� �32.542 7.239�� 4.428� �30.020
(2.181) (1.656) (-1.451) (1.967) (1.788) (-1.584)

3-year 35.939 20.016 10.095 11.407 7.004 32.852�
(0.702) (0.563) (0.396) (0.725) (0.349) (1.858)

Constant �0.106��� �0.113��� 3.297��� �0.026 �0.038 3.275���
(-3.014) (-4.540) (105.539) (-1.082) (-1.288) (68.344)

Industry and year fixed effects,
controls, lagged Optimism and R&D

yes yes yes yes yes yes

Wald chi2 604.40��� 2584.92��� 39210.37��� 894.73��� 5536.37��� 20903.40���
Observations 17,892 17,892 17,892 17,892 17,892 17,892

B

R&D/Total assets R&D/Sales

(1) (2) (3) (4) (5) (6)

(R&D�Pessimism)i:1-year lag �8.587 �7.143 �55.166� �1.914 �3.013 �148.156��
(-0.300) (-0.226) (-1.748) (-0.631) (-0.647) (-2.024)

2-year �52.118� �61.332� 67.307 �11.102� �8.722� 9.065
(-1.824) (-1.953) (1.640) (-1.885) (-1.672) (1.065)

3-year 25.270 25.178 �20.513 6.117 4.181 3.567
(1.543) (1.409) (-1.163) (1.459) (0.656) (0.360)

Constant �0.126��� �0.165��� 3.307��� �0.024 �0.121��� 4.328���
(-4.087) (-4.876) (76.033) (-1.355) (-4.036) (58.399)

Industry and year fixed effects,
controls, lagged Pessimism and R&D

yes yes yes yes yes Yes

Wald chi2 823.10��� 1420.80��� 29048.73��� 1590.11��� 2237.48��� 28364.35���
Observations 17,892 17,892 17,892 17,892 17,892 17,892

Note: This table presents the results of IV regressions. Columns (1) to (3) ((4) to (6)) adopt ROA, Adjusted_ROA and
Fundamental_Q respectively. Robust Z-statistics are in parentheses.���p< 0.01, ��p< 0.05, �p< 0.1.
Source: self-made.
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Table 6 presents the results. In column (1) of Panel A, the coefficient of 2-year
lagged interaction between R&D/Total assets and Timeop is significantly positive
(0.262), indicating that R&D improves subsequent ROA when firms time equity issuance
during optimism. This result further demonstrates H1a. The results hold when using
alternative performance (columns (2) and (3)) and R&D proxies (Columns (4) to (6)).

In column (1) of Panel B, coefficients of 2- and 3-year lagged interactions between
R&D and Timepe are significantly negative (-4.954 and �5.322), indicating that R&D
exhibits a continuous negative effect on subsequent ROA when firms repurchase
stocks during pessimism. This result further supports H2b. The results hold when
using alternative performance (columns (2) and (3)) and R&D proxies (Columns (4)
to (6)).

4.7. Cash-rich firms

This section tests whether having sufficient cash reserves mitigates the negative R&D
spending-firm performance relationship when firms have initiated costly repurchase. I
build a cash-rich dummy variable (Cash_rich in Table 2) (Brown & Petersen, 2011),

Table 4. PSM regressions.
A

R&D/Total assets R&D/Sales

(1) (2) (3) (4) (5) (6)

(R&D�Optimism)i:1-year lag �0.001 0.001 0.008 �0.009 �0.006 0.013�
(-0.187) (0.138) (1.065) (-1.625) (-1.524) (1.666)

2-year 0.008�� 0.008� 0.000 0.006 0.007� �0.009
(1.979) (1.959) (0.009) (1.058) (1.661) (-0.902)

3-year �0.001 �0.000 �0.002 �0.000 �0.001 0.000
(-0.318) (-0.038) (-0.308) (-0.016) (-0.208) (0.025)

Constant �0.005 �0.047 3.332��� 0.585��� 0.450��� 4.117���
(-0.139) (-1.325) (56.176) (4.858) (4.044) (44.011)

Industry and year fixed effects, controls,
lagged Optimism and R&D

yes yes yes yes yes yes

R2 0.036 0.015 0.348 0.080 0.056 0.365
Observations 3,924 3,924 3,924 3,805 3,805 3,805

B

R&D/Total assets R&D/Sales

(1) (2) (3) (4) (5) (6)

(R&D�Pessimism)i:1-year lag 0.001 �0.001 �0.008 0.009 0.006 �0.014�
(0.155) (-0.160) (-1.131) (1.561) (1.511) (-1.671)

2-year �0.008� �0.008� �0.000 �0.006 �0.007� 0.010
(-1.835) (-1.858) (-0.059) (-1.027) (-1.659) (1.039)

3-year 0.002 0.001 0.002 0.001 0.001 �0.001
(0.398) (0.136) (0.233) (0.092) (0.260) (-0.104)

Constant 0.008 �0.035 3.344��� 0.599��� 0.454��� 4.122���
(0.234) (-0.977) (56.183) (5.143) (4.088) (42.871)

Industry and year fixed effects, controls,
lagged Pessimism and R&D

yes yes yes yes yes yes

R2 0.036 0.015 0.348 0.081 0.056 0.365
Observations 3,924 3,924 3,924 3,805 3,805 3,805

Note: This table exhibits the results of PSM regressions. Columns (1) to (3) ((4) to (6)) adopt ROA, Adjusted_ROA and
Fundamental_Q respectively. FEM is used. Robust Z-statistics are in parentheses.���p< 0.01, ��p< 0.05, �p< 0.1.
Source: self-made.
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and include an interaction between R&D, Timepe and Cash_rich into Equation (2).
The interaction estimates the effect of sufficient cash reserves on the R&D spending-
firm performance relationship when firms time repurchase during pessimism.

Table 7 presents the results. In column (1), the coefficient of 2-year lagged inter-
action between R&D/Total assets, Timepe and Cash_rich is significantly positive
(0.641), indicating that R&D in cash-rich firms improves subsequent performance
even if firms time repurchase during pessimism. This result demonstrates the argu-
ment that firms with sufficient internal cash do not need to shrink other investments
or adopt aggressive financing policies to support R&D after repurchase. Therefore,
R&D after repurchase does not harm performance. The results hold when using alter-
native performance (columns (2) and (3)) and R&D proxies (columns (4) to (6)).

4.8. The catering effect

This section investigates the effect of catering on the R&D spending-firm perform-
ance relationship. Following Alzahrani and Rao (2014), I introduce a high turnover
ratio dummy variable (Cater in Table 2) and construct an interaction between Cater

Table 5. Additional controls.
A

R&D/Total assets R&D/Sales

(1) (2) (3) (4) (5) (6)

(R&D�Optimism)i:1-year lag �0.220 �0.343 0.829� �0.102 �0.143 0.095��
(-1.032) (-1.489) (1.691) (-1.005) (-1.330) (2.253)

2-year 0.494�� 0.574��� �0.556 0.163� 0.219�� �0.082
(2.566) (2.867) (-0.915) (1.883) (2.514) (-0.316)

3-year �0.070 �0.032 0.338 �0.060 �0.058 0.086
(-0.398) (-0.154) (0.602) (-0.843) (-0.669) (0.357)

Constant 0.099��� 0.056��� 4.384��� 0.098��� 0.055��� 4.383���
(5.575) (2.870) (52.910) (5.542) (2.784) (52.905)

Industry and year fixed effects,
controls, lagged Optimism and R&D

yes yes yes yes yes yes

R2 0.075 0.084 0.400 0.075 0.084 0.400
Observations 18,051 18,051 18,051 18,051 18,051 18,051

B

R&D/Total assets R&D/Sales

(1) (2) (3) (4) (5) (6)

(R&D�Pessimism)i:1-year lag 0.213 0.235 �0.829� 0.005 0.093 �0.386�
(0.885) (0.894) (-1.673) (0.080) (0.755) (-1.751)

2-year �0.453�� �0.616��� 0.344 �0.015�� �0.218�� �0.044
(-2.126) (-2.822) (0.585) (-2.458) (-2.244) (-1.215)

3-year 0.039 0.000 �0.144 0.028 0.005 0.095
(0.198) (0.000) (-0.257) (0.461) (0.048) (0.873)

Constant 0.122��� 0.100��� 4.386��� 0.120��� 0.098��� 4.522���
(6.542) (4.621) (61.896) (8.842) (4.545) (48.794)

Industry and year fixed effects, controls,
lagged Pessimism and R&D

yes yes yes yes yes yes

R2 0.076 0.084 0.424 0.096 0.083 0.380
Observations 18,051 18,051 18,051 18,051 18,051 18,051

Note: This table includes additional control variables. Columns (1) to (3) ((4) to (6)) adopt ROA, Adjusted_ROA and
Fundamental_Q. FEM is used. Robust Z-statistics are in parentheses.���p< 0.01, ��p< 0.05, �p< 0.1.
Source: self-made.
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and R&D. The high turnover ratio of stocks indicates that the stock price is domi-
nated by short-horizon investors. Short-horizon investors who hold stocks for only a
short period care more about stock price changes rather than firms’ prospects. They
typically prefer firm decisions that incur large stock price volatility. Risky R&D is
positively associated with stock price volatility (Chen et al., 2014); thus, R&D is typic-
ally favoured by short-horizon investors, even if R&D enhances firms’ financial and
operation risks. Managers that cater to short-horizon investors might consequently
underestimate R&D risks and overinvest in R&D projects, which harm performance.

Table 8 presents the results. In columns (1) and (2), coefficients of 1-year lagged
interaction are significantly negative (-1.228 and �0.787), indicating that R&D harms
performance when firms cater to short-horizon shareholders. This result supports H3.
The results hold when using R&D/Sales in columns (4) to (6).

4.9. The ownership structure

According to prior studies, the information disclosure mechanism in Chinese state-
owned enterprises (SOEs) is weaker than that in non-SOEs, and external investors

Table 6. Market-timing.
A

R&D/Total assets R&D/Sales

(1) (2) (3) (4) (5) (6)

(R&D�Timeop)i:1-year lag �2.836 �3.616 20.319��� �0.001 0.045 10.135��
(-0.680) (-1.127) (2.798) (-0.023) (0.558) (2.476)

2-year 0.262� �0.075 �2.494 0.074� 0.067� 1.537
(1.701) (-0.524) (-0.338) (1.727) (1.782) (0.366)

3-year 2.352 0.319 4.825 �0.013 0.060 1.568
(0.354) (0.095) (0.815) (-0.268) (1.130) (0.422)

Constant �0.019 0.026 4.138��� �0.022 �0.034 3.292���
(-0.587) (1.165) (66.583) (-0.706) (-0.931) (58.844)

Industry and year fixed effects,
controls and lagged R&D and Timeop

yes yes yes yes yes yes

R2 0.044 0.037 0.433 0.045 0.024 0.392
Observations 18,051 18,051 18,051 18,051 18,051 18,051

B

R&D/Total assets R&D/Sales

(1) (2) (3) (4) (5) (6)

(R&D�Timepe)i:1-year lag 0.296 0.238 1.691 �0.023 0.950 �0.281
(0.166) (0.115) (0.292) (-0.028) (0.661) (-0.110)

2-year �4.954� �6.025�� �5.201 �2.796�� �3.580� �2.048
(-1.943) (-2.272) (-0.646) (-2.356) (-1.752) (-0.599)

3-year �5.322� �3.497 �21.876�� �0.015 0.031 �9.166��
(-1.945) (-1.185) (-2.242) (-0.134) (0.128) (-2.173)

Constant 0.071��� 0.055��� 4.346��� 0.070��� 0.024 4.037���
(4.818) (3.343) (60.677) (4.792) (1.100) (69.273)

Industry and year fixed effects,
controls and lagged R&D and Timepe

yes yes yes yes yes yes

R2 0.039 0.050 0.418 0.040 0.038 0.424
Observations 18,051 18,051 18,051 18,051 18,051 18,051

Note: This table presents the results of the market-timing effect. Columns (1) to (3) ((4) to (6)) adopt ROA,
Adjusted_ROA and Fundamental_Q. FEM is used. Robust Z-statistics are in parentheses.���p< 0.01, ��p< 0.05, �p< 0.1.
Source: self-made.
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(e.g., institutional investors) are hard to access private information (Choi et al., 2010).
Moreover, SOEs are often used as a tool for implementing government economic pol-
icies. Therefore, investment and operating information related to strategic policies
might not be disclosed to the external market. Insufficient information disclosures
reduce external investors’ ability of estimating stock prices based on firm-related
information, and stock prices tend to be driven by noise factors such as investor sen-
timent, which results in stock mispricing. Therefore, SOEs are more likely to take
advantage of stock overpricing (under-pricing) and issue low-cost stocks
(announce repurchase).

Since SOEs might not suffer financial constraints and have sufficient resources to
support R&D, they typically do not experience underinvestment in R&D. Therefore,
if SOEs have opportunities to issue additional low-cost stocks, they are likely to waste
low-cost stock financing to invest in value-decreasing R&D (optimism periods).
Meanwhile, SOEs, which have financing advantages, maintain R&D without crowding
out other value-enhancing investments, even if they announce repurchase during pes-
simism. That is, the positive (negative) effect of optimism (pessimism) on the R&D
spending-firm performance relationship is mitigated for SOEs.

Moreover, managers in SOEs make decisions based on government policies and
controlling state shareholders’ interests rather than on external investors’ expectations
(Choi et al., 2010). Therefore, the catering effect of managers on external investors is
weaker. Managers might not change R&D spending, even if external shareholders are
pessimistic (optimistic). Therefore, the impact of sentiment on the R&D spending-
firm performance relationship is mitigated.

In Table 9, the coefficients of interaction between R&D, Optimism (Pessimism)
and state dummy variable (State in Table A2) are significantly negative (positive) in
the second year, indicating that the aforementioned positive (negative) effect of opti-
mism (pessimism) on the R&D spending-firm performance relationship is mitigated
in SOEs.

Table 7. Cash-rich firm.
R&D/Total assets R&D/Sales

(1) (2) (3) (4) (5) (6)

(R&D�Timepe�Cash_rich)i:1-year lag �0.121 0.087 0.495 �0.230 0.022 0.148
(-0.260) (0.191) (0.470) (-0.912) (0.183) (0.339)

2-year 0.641� 0.702� �1.029 0.454�� 0.173� 0.163
(1.773) (1.698) (-0.733) (2.096) (1.869) (0.267)

3-year �0.476 �0.838 2.537� �0.308 �0.171 1.132��
(-0.809) (-1.484) (1.664) (-1.025) (-1.053) (1.966)

Constant 0.061��� 0.054�� 3.262��� 0.059��� 0.092��� 3.259���
(3.134) (2.015) (20.858) (3.066) (5.430) (20.845)

Industry and year fixed effects, controls and l
agged R&D, Timepe, Cash_rich, (Timepe�Cash_rich),
(R&D�Timepe) and (R&D�Cash_rich)

yes yes yes yes yes yes

R2 0.036 0.040 0.426 0.038 0.052 0.427
Observations 18,051 18,051 18,051 18,051 18,051 18,051

Note: This table presents the results of the market-timing effect in cash-rich firms. Columns (1) to (3) ((4) to (6))
adopt ROA, Adjusted_ROA and Fundamental_Q. FEM is used. Robust Z-statistics are in parentheses.���p< 0.01, ��p< 0.05, �p< 0.1.
Source: self-made.
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Moreover, foreign institutional investors are more sophisticated in accessing
and trading on information, reducing the noise in stock prices (Kim & Yi, 2015).
In this scenario, the effect of investor sentiment on stock prices and stock mispric-
ing are weaker. Therefore, the effect of sentiment on the R&D spending-firm per-
formance relationship is mitigated. In Table 10, the coefficients of interaction
between R&D, Optimism (Pessimism), and QFII dummy variable (QFII in Table
A2) are significantly negative (positive) in the first and second years, indicating
that the aforementioned positive (negative) effect of optimism (pessimism) on the
R&D spending-firm performance relationship is mitigated when QFIIs hold a large
stake in a firm.

5. Conclusion

Investor sentiment changes the condition of equity financing, which impacts firms’
R&D incentives and therefore firm performance. This study discusses the effect of
R&D on firm performance when investor sentiment impacts stock prices. The study
demonstrates that R&D generally improves (reduces) firm performance during opti-
mism (pessimism) periods. For market-timing effects, firms that time their stock issu-
ance during optimism experience a positive R&D spending-firm performance
relationship, whereas pessimism, which encourages costly equity repurchase, results in
a negative R&D spending-firm performance relationship. For catering effects, the
results indicate that when firms cater to short-horizon shareholders, R&D reduces
firm performance.

The study has theoretical contributions. First, the study adds to behavioural finance
theories. Behavioural finance theories indicate that stock prices are driven by noise fac-
tors, resulting in stock mispricing. Mispricing enables firms to time stock issuance and
repurchase. However, it is unclear whether the timing of stock issuance and repurchase
affects firms’ investment decisions and performance. The study suggests that sentiment
plays a critical role in determining firms’ financing conditions. Firms that time stock

Table 8. Catering.
R&D/Total assets R&D/Sales

(1) (2) (3) (4) (5) (6)

(R&D�Cater)i:1-year lag �1.228�� �0.787�� 0.331 �0.302�� �0.307�� 0.070
(-2.185) (-2.197) (1.357) (-2.038) (-1.986) (0.852)

2-year 0.497 0.468 0.683 0.022 0.154 0.040
(1.003) (1.532) (1.207) (0.162) (1.139) (0.132)

3-year �0.218 �0.107 �0.130 �0.084 0.022 0.044
(-0.509) (-0.323) (-0.211) (-0.653) (0.157) (0.155)

Constant �0.012 0.024 3.151��� 0.051��� 0.024 4.285���
(-0.384) (1.102) (49.389) (2.594) (1.106) (53.059)

Industry and year fixed effects,
controls and lagged R&D and Cater

yes yes yes yes yes yes

R2 0.044 0.037 0.379 0.028 0.036 0.405
Observations 18,051 18,051 18,051 18,051 18,051 18,051

Note: This table exhibits the results of the catering effect. Columns (1) to (3) ((4) to (6)) adopt ROA, Adjusted_ROA
and Fundamental_Q. FEM is used. Robust Z-statistics are in parentheses.���p< 0.01, ��p< 0.05, �p< 0.1.
Source: self-made.
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issuance (repurchase) during optimism (pessimism) experience less underinvestment
(more overinvestment) in R&D, which enhances (reduces) firm performance.

Second, QFIIs, who have sophisticated analysis techniques, improve stock price
efficiency and prevent stock mispricing. Therefore, the impact of sentiment (mispric-
ing) on the R&D spending-firm performance relationship is mitigated. This study
demonstrates the importance of QFIIs in improving price efficiency and finds that

Table 9. SOEs, investor sentiment and the R&D spending-firm performance relationship.
A

R&D/Total assets R&D/Sales

(1) (2) (3) (4) (5) (6)

(R&D�Optimism�State)i:1-year lag 0.090 0.128 0.285 0.006 �0.142 0.023
(0.711) (0.477) (0.366) (0.073) (-1.210) (0.052)

2-year �0.079 �0.334� �1.229� �0.023 �0.082 �0.618��
(-1.355) (-1.680) (-1.746) (-0.246) (-0.816) (-1.982)

3-year 0.069 0.789 0.524 0.139 0.065 0.019
(0.636) (1.616) (0.587) (1.530) (0.560) (0.048)

(R&D�Optimism)i:1-year lag �0.022 �0.336 �0.010 �0.023��� 0.045 �0.036
(-0.308) (-1.057) (-0.023) (-2.955) (0.882) (-0.195)

2-year 0.136�� 0.873��� 0.118 0.062 0.160��� 0.129
(1.986) (3.635) (0.224) (1.569) (3.416) (0.610)

3-year �0.029 �1.294 �0.145 �0.095�� �0.016 0.075
(-0.373) (-1.258) (-0.258) (-2.001) (-0.337) (0.330)

Constant 0.030��� �0.141��� 3.273��� 0.073��� 0.040��� 3.888���
(3.968) (-4.368) (59.262) (8.133) (2.632) (68.576)

Industry and year fixed effects, controls
and lagged R&D, Optimism, State,
(R&D�State) and (Optimism�State)

yes yes yes yes yes yes

R2 0.597 0.406 0.388 0.106 0.059 0.411
Observations 18,051 18,051 18,051 18,051 18,051 18,051

B

R&D/Total assets R&D/Sales

(1) (2) (3) (4) (5) (6)

(R&D�Pessimism�State)i:1-year lag 0.327� �0.058 0.144 0.155� 0.060 �0.201
(1.652) (-0.177) (0.175) (1.672) (0.486) (-0.516)

2-year �0.012 0.093 0.733�� 0.011 0.035 0.204�
(-0.157) (1.048) (2.007) (0.378) (0.631) (1.905)

3-year �0.039 �0.112 �0.372 0.016 �0.157 �0.021
(-0.163) (-1.031) (-0.716) (0.159) (-1.213) (-0.049)

(R&D�Pessimism)i:1-year lag �0.376 0.188 0.058 �0.042 0.101 0.162
(-0.890) (1.305) (0.137) (-0.886) (1.643) (0.881)

2-year �0.604 �0.424��� �0.300 �0.290 �0.128�� �0.181
(-1.447) (-3.102) (-0.570) (-1.248) (-2.140) (-0.814)

3-year 0.066 0.543 �0.121 0.015 0.031 �0.050
(0.556) (1.004) (-0.214) (0.326) (0.561) (-0.225)

Constant 0.020�� 0.057��� 3.895��� �0.001 0.076��� 3.872���
(2.077) (3.728) (68.362) (-0.072) (4.091) (67.292)

Industry and year fixed effects, controls
and lagged R&D, Pessimism, State,
(R&D� State) and (Pessimism� State)

yes yes yes yes yes yes

R2 0.102 0.052 0.410 0.060 0.134 0.428
Observations 18,051 18,051 18,051 18,051 18,051 18,051

Note: This table presents the results of the effect of SOEs and investor sentiment on the R&D spending-firm perform-
ance relationship. Columns (1) to (3) ((4) to (6)) adopt ROA, Adjusted_ROA and Fundamental_Q. FEM is used. Robust
Z-statistics are in parentheses.���p< 0.01, ��p< 0.05, �p< 0.1.
Source: self-made.
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the positive (negative) effect of optimism (pessimism) on the R&D spending-firm
performance relationship is reduced when QFIIs hold a large share in the firm.

The study also has practical contributions. First, R&D requires a smooth financing
path, and factors that ease financial constraints motivate R&D spending. The study
indicates that optimism relaxes financial constraints, mitigates underinvestment in
R&D and enhances performance. Second, risky R&D might cause agency problems.
For instance, the study suggests that managers who cater to short-horizon

Table 10. QFIIs, investor sentiment and the R&D spending-firm performance relationship.
A

R&D/Total assets R&D/Sales

(1) (2) (3) (4) (5) (6)

(R&D�Optimism�QFII)i:1-year lag �0.014 �0.396� 0.859 0.209 0.069 0.781
(-0.058) (-1.927) (0.801) (0.964) (0.209) (0.955)

2-year �0.609�� 0.156 �0.023 �0.427� 0.002 �0.796��
(-2.161) (0.435) (-0.031) (-1.647) (0.010) (-2.021)

3-year �0.493 0.080 0.255 0.100 0.004 �0.561
(-1.121) (0.211) (0.328) (0.277) (0.007) (-0.655)

(R&D�Optimism)i:1-year lag �0.821 0.257��� 0.760 �0.858 �0.169 0.273
(-1.012) (5.860) (1.558) (-1.573) (-1.471) (1.160)

2-year 0.463�� 0.301��� �0.471 0.255� 0.235�� �0.095
(2.135) (3.083) (-0.773) (1.689) (2.519) (-0.343)

3-year 0.033 0.004 0.314 0.013 �0.088 0.090
(0.474) (0.044) (0.547) (0.135) (-0.971) (0.373)

Constant �0.073��� 0.023�� 4.347��� �0.083��� 0.025 3.978���
(-2.713) (2.052) (51.887) (-2.610) (1.136) (62.191)

Industry and year fixed effects, controls
and lagged R&D, Optimism, QFII,
(R&D�QFII) and (Optimism�QFII)

yes yes yes yes yes yes

R2 0.177 0.173 0.394 0.019 0.037 0.426
Observations 18,051 18,051 18,051 18,051 18,051 18,051

B

R&D/Total assets R&D/Sales

(1) (2) (3) (4) (5) (6)

(R&D�Pessimism�QFII)i:1-year lag �0.760 0.273 �0.883 �0.467 0.059 �0.364
(-1.191) (0.620) (-0.499) (-1.584) (0.337) (-0.451)

2-year 0.439� 0.276 0.836�� 0.190� 0.136 0.360��
(1.778) (1.017) (2.030) (1.651) (0.947) (1.969)

3-year �0.309 �0.600 �1.099 �0.188 �0.175 �0.393
(-0.466) (-0.847) (-0.841) (-0.636) (-0.574) (-0.643)

(R&D�Pessimism)i:1-year lag 1.300 0.789 �0.663 0.211 0.367 �0.314
(1.095) (0.635) (-1.371) (1.055) (0.537) (-1.410)

2-year �0.632� �0.792�� �0.114 �1.240�� �0.286�� �0.052
(-1.864) (-2.567) (-0.448) (-1.983) (-2.152) (-1.302)

3-year �0.007 0.649 0.090 0.359 0.196 �0.008
(-0.023) (0.546) (0.161) (0.662) (0.315) (-0.034)

Constant �0.018 �0.071�� 3.977��� �0.019 �0.071�� 3.976���
(-0.568) (-2.062) (61.765) (-0.601) (-2.060) (61.808)

Industry and year fixed effects, controls
and lagged R&D, Pessimism, QFII,
(R&D�QFII) and (Pessimism�QFII)

yes yes yes yes yes yes

R2 0.010 0.030 0.426 0.011 0.030 0.426
Observations 18,051 18,051 18,051 18,051 18,051 18,051

Note: This table presents the results of the effect of QFIIs and investor sentiment on the R&D spending-firm perform-
ance relationship. Columns (1) to (3) ((4) to (6)) adopt ROA, Adjusted_ROA and Fundamental_Q. EFM is used. Robust
Z-statistics are in parentheses.���p< 0.01, ��p< 0.05, �p< 0.1.
Source: self-made.

ECONOMIC RESEARCH-EKONOMSKA ISTRAŽIVANJA 6275



shareholders might overlook the R&D risk and overestimate the R&D value. In this
scenario, developed governance mechanisms are necessary to restrict managers’ ineffi-
cient R&D decisions (Alam et al., 2020).

The study also has some limitations. First, a pure experiment, such as an exogen-
ous shock, is useful in investigating the causality between dependent and independent
variables. However, the A-share market is generally affected by noise (investor senti-
ment), and it is hard to find an exogenous shock (e.g., passing a law) that completely
changes this reality. Second, the study only investigates the relationship between R&D
and firms’ operating performance when investor sentiment affects stock prices. Firms’
R&D performance (quality of R&D outputs) requires further analysis.

Notes

1. The regression results are not presented due to the word limit.
2. The regression results are not presented due to the word limit.

Disclosure statement

The author reports there are no competing interests to declare.
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Appendix

Table A1. PSM results.
Treated mean Control mean T-C

ROA 0.053 0.054 �0.001
Adjusted_ROA 0.072 0.070 0.002
Fundamental_Q 0.578 0.572 0.006
Size 22.220 22.179 0.041
Leverage 0.420 0.427 �0.007
Industry_return 0.223 0.242 �0.019
PPE 0.185 0.198 �0.013���
Note: ��� p< 0.01, �� p< 0.05, � p< 0.1.
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Table A2. Variable definitions.
Variables Definitions

R&D/Total assets The ratio of R&D spending-to-total assets
R&D/ Sales The ratio of R&D spending-to-sales
Optimism A dummy variable that equals 1 if optimism dominates the stock price,

0 otherwise.
Pessimism A dummy variable that equals 1 if pessimism dominates the stock price,

0 otherwise.
ROA The EBIT-to-total assets ratio
Fundamental_Q The fundamental part of Tobin’s Q
Adjusted_ROA AdjustedROA ¼ ROAþ 1� Total income tax

Income before tax

� �
� R&D spending

Total assets , where ROA is
calculated as the ratio of EBIT-to-total assets.

Industry_return The median of industry firms’ annual dividend reinvested stock returns
Size The natural logarithm of total assets
Leverage The ratio of total debts-to-total assets
PPE The net value of property, plant and equipment scaled by total assets
Competition The number of firms that are operated in an industry
Advertisement The ratio of advertisement expense-to-sales
Cash_dividend The cash dividend payment per share
Institution The ratio of shares held by institutional investors to total shares
QFII_ratio The ratio of shares held by QFIIs to total shares
Top5 The proportion of stocks held by the top five shareholders
Timeop A dummy variable that equals 1 if firms announce equity issuance when

optimism causes stock overpricing, 0 otherwise.
Timepe A dummy variable that equals 1 if firms announce equity repurchase when

pessimism causes stock under-pricing, 0 otherwise.
Cash_rich A dummy variable that equals 1 if cash reserves are above the sample median, 0

otherwise. Cash reserves are the sum of cash and short-term investments
Cater A dummy variable that equals 1 if the share turnover ratio is beyond the sample

median, 0 otherwise.
State A dummy variable that equals 1 when shares owned by central and local

governments in a firm are higher than the sample median, 0 otherwise.
QFII A dummy variable that equals 1 if shares owned by QFIIs in a firm are higher

than the sample median, 0 otherwise.
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