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Abstract

Research and development (R&D)-intensive firms have strong incentives to maintain
a smooth path for their R&D investments; otherwise, they will incur high adjustment
costs. Examining data covering 2009 to 2016, we find that Chinese R& D-intensive
firms, especially those with high innovation efficiency, tend to sell operating and
financial assets to protect their value-enhancing R&D investments. However,
financial constraints have adverse impacts on R& D smoothing with asset sales unless
the firms have high innovation efficiency. The results suggest that innovation
efficiency offers R&D-intensive firms, even financially constrained ones, a strong
motivation to covert asset sales proceeds into R&D inputs, as the proceeds from asset
sales provide a less-costly substitute for externa financing. Given the importance of
R&D for economic growth and the limited external financing opportunities in
emerging capital markets like China, our findings reveal new insights regarding R&D
financing.
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The deter minants of R& D smoothing with assets sales. Evidence
from R& D-intensive firmsin China

Abstract
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motivation to covert asset sales proceeds into R&ts, as the proceeds from asset
sales provide a less-costly substitute for extefinahcing. Given the importance of
R&D for economic growth and the limited externahdncing opportunities in
emerging capital markets like China, our findinggaal new insights regarding R&D
financing.

JEL classification: 032; C23: G34
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1. Introduction

It is widely argued in the literature that reseamid development (R&D)-driven
innovation is essential for productivity, econongiowth and job creations (Solow,
1957; Grossman and Helpman, 1991; Coad, 2019). Hewvediscontinued (or
suspended) R&D investments are generally subjeet tariety of adjustment costs,
such as firing or rehiring costs for highly-trainesmployees, sunk costs, and
time-compression diseconomies (Borisova and Bro2@1,3; Brown and Petersen,
2015; Kang et al., 2017). It is thus strategicaiiyportant for R&D-intensive firms to

maintain a smooth path for their R&D investments.

However, R&D activity is susceptible to financiabnstraints owing to high
uncertainty, asymmetric information, and limitedlatral value (David et al., 2000;
Hall, 2002; Brown et al., 2012). On the one hamdiricially constrained firms are
more likely to reject or scale down their innovatiprojects (Campello et al., 2010;
Zhang, 2015), as financial constraints are geneladlieved to have negative effects
on firms’ innovation activities (Howell, 2016; Pegrinoa et al., 2017).As pointed
out by Zhang(2015), for example, that R&D-intensiirens are more inclined to
discontinue or suspend their R&D projects whennmfigdevere financial constraints.

On the other hand, R&D-intensive firms may choose protect their R&D

investments through financing asset sales if threyfimancially constrainetl.The

proceeds from asset sales provide a less-costhtitiutb, especially when alternative
sources of financing are either unavailable or éxpensive (Lang et al., 1995;
Shleifer and Vishny, 1992). In other words, finalgi constrained firms may choose
to transfer cash inflows from financing asset sateprotect their value-enhancing
R&D investment, which would otherwise be lost owitay high financing costs

(Borisova and Brown, 2013; Brown and Petersen, 015

! Several studies, including Bhagat and Welch(198%phen et al.(2003), Hoegl et al.(2008), and Beétlea
and Savona(2017), find that the relationship betwi®ancial constraints and innovation activitiespdnds on
market conditions.
> Arnold et al. (2018) define assets sale for finagcas financing assets sale, while Brown and Pete@@15)
point out that asset sales provide a way of raifimgl to finance new investment opportunities oetguidity
needs. In this study, financing assets sale inslld¢h operating assets sale and financial asslets/xcording to
Chinese Accounting Standards (CASs), operating issetassets such as property and equipment toa@any
uses to produce its goods and services, ratherttieagoods or services that it sells. By contrasgricial assets
mainly include tradable financial assets (shomnterfinancial assets), held-to-maturity investments,
available-for-sale financial assets, and long-teguity investments.

2



In practice, financing asset sales are substa(idmans and Mann, 2019). An
exhaustive survey conducted by Campello et al. @2@hows that most financially
constrained firms in the United States (US), Eur@me Asia engaged in asset sales
to fund their operations during the recent glolxadricial crisis. Similarly, Arnold et
al. (2018) note that the average proceeds of fasskt sales for US manufacturing
firms in COMPUSTAT were about 44% of their net agg amount of newly-issued
equity from 1971 to 2010. Furthermore, Hovakimiad &itman (2006) and Borisova
and Brown(2013) find that the proceeds from asségsssignificantly affect the
investment expenditures of financially constraifieds. In addition, Desai and Gupta
(2019) show that the average value of financing@tesales accounts for 4.5% of total
assets, while that of the financing by securityasxe takes 12.3% of total assets .

Nevertheless, how to convert R&D inputs, includagset sale proceeds, into future
growth and income is a central issue regarding R&idothing with financing asset
sales. A firm’s innovation outcomes are determinet only by its R&D inputs but
also (and more importantly) by its innovation e#frecy (Fu, 2012; Hottenrott and
Peters, 2012).As pointed out by Zhang(2015), R&D investment nikgeaten a
firm’s existence and development if a large praparof the resources it devotes to
innovation projects are unproductive. Thus, R&Demdive firms are more likely to
transfer asset sale proceeds to R&D investmeritseif innovation efficiencies are
high. Innovation efficiency may therefore provide@mpelling motivation for R&D
smoothing through financing asset sales.

While many studies have investigated innovationivaigs, studies on R&D
smoothing with financing asset sales have movedhéo forefront of innovation
management research (e.g., Brown and Petersen(22Q15); Borisova and
Brown(2013)). However, the literature has not yaentified the determinants of
financing asset sales for R&D smoothing. Specifigdiow financial constraints and
innovation efficiency affect the R&D smoothing wifilnancing asset sales among

R&D-intensive firms has not been fully explored.

This study attempts to shed light on these issyeproviding empirical evidence
from R&D-intensive firms listed on China’s stock rkets. This paper differs from
previous studies in that it examines the determgahconverting asset sale proceeds

to R&D investment and the impacts of innovative alafities on investment

* Similarly, Lach and Schankerman (1989) and Kara.¢2017)find that R&D activity is determined jdinby
economic factors and technological capability.
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adjustment and financing decisions. Specificalllyis tstudy contributes to the
literature as follows. First, this appears to be fthst study, to the best of our
knowledge, to consider the interaction effect ofaficial constraints and innovation
efficiency in R&D-asset sale sensitivity compreheely. Second, we consider both
operating assets sale and financial assets sale@ngare their impacts on R&D
protection, since these two types of asset sales Hdferent financing costs due to
asset specificity. Finally, we consider differeswvéls of technological innovation
capabilities and examine the heterogeneous modgragiffects of innovation
efficiency on R&D-asset sale sensitivity. Our stumhnnects asset divesture theories
to R&D investment management from the perspecti@&D smoothing with asset
sales, and helps understand the investment adjostaed financing decision
behavior of R&D-intensive firms in emerging markkke China.

Our exploration of R&D smoothing with financing assales produces four major
findings. First, we reveal that R&D-intensive firrhave incentives to protect their
R&D investments by selling operating and finanaakets. Second, we find that
financial constraints, in sharp contrast to innmratefficiency, have negative
moderating effects on the relationship betweentassies and R&D investments.
Third, the results show that financially constrainBrms with high innovation
efficiency are more inclined to protect their R&Bvestments with financing asset
sales. Finally, the study reveals that innovatifficiency plays a dominant role in
R&D smoothing with financing asset sales, whileafinial constraints may serve as
an alternative motivation for asset sales.

The rest of this paper proceeds as follows. Se@ioaviews the relevant literature.

Section 3 discusses the study’s theoretical framewaod presents the hypotheses.
Section 4 explains the study’s methodology. Sechigmesents the data, indices, and
empirical results. Section 6 conducts a robusthests Finally, Section 7 concludes

the paper.

2. Literaturereview on R&D financing

It is commonly argued that R&D-intensive firms hateong incentives to maintain a
smooth path of R&D investment owing to the multipiges of adjustment costs
involved (Borisova and Brown, 2013; Brown and Psgar 2015; Kang et al., 2017).
First, R&D investments are accompanied by substbexipenses for firing or rehiring



highly-trained scientists, engineers and other igpists, who often require a large
amount of firm-specific training (Lach and Schamkan, 1989; Himmelberg and
Petersen, 1994; Hall, 2002; Peter and Taylor, 20The valuable firm-specific

knowledge embedded in human capital is also lostnwbmployees are released.
Moreover, critical proprietary information will lky be disseminated to competitors,
undermining innovation value. Second, R&D investtrerassociated with high sunk
costs, as it is largely unrecoverable (Manez et 2009). These costs usually
constitute entry and exit barriers for innovatianiaties (Ganter and Hecker, 2013;
Kang et al.,, 2017). Third, innovation project temation may demoralize team
members and raise concerns about job security ¢Batalra et al., 1996). Finally,

R&D investment suffers from time-compression disexuies (Dierickx and Cool,

1989; Sears, 2017; 2018). In other words, it iserefficient for R&D investment to

keep consistency over a long period rather tharbléothe total investment over a
half-time interval.

Although firms try to smooth R&D investment, it dfficult to obtain externally
(especially debt) financing for R&D-driven innowati (Hall, 2002). External
financiers such as equity investors and banksedoetant to invest in R&D projects
because of their unique characteristics. First, R&2stments generally involve high
risk and uncertainty regarding their final outpontiaaconomic return (Hall, 2002; Hall
and Lerner, 2010; Fernandez, 2017). As pointedbguGhosal and Ye (2015) and
Banerjee and Siebert(2017), various kinds of uag®res, such as technological,
demand (Pindyck 1993a, 1993b), and policy uncedresmrn(Wang et al., 2017), arise
throughout different stages of the R&D process.s€hencertainties impede external
financing for such projects, as they frequentlyulesn development failures
(Banerjee and Siebert, 2017).

Second, most R&D investments are intangible assdigh are highly irreversible
and offer very limited collateral value (Almeidada@ampello, 2007; Drivera and
Guedes, 2012). A lesser ability to pledge colldtérereases the cost of external
financing and reduces debt capacity (Benmelech Bedgman, 2009), while
higher-risk firms are generally required to pledglateral for bank loans (Berger
and Udell, 1990). As noted by Hall (2002), banksl ather debt-holders prefer to
lend when the project involves tangible (physiea$ets rather than R&D investments.
Nevertheless, servicing debt usually demands adgteash flow, which in turn

diminishes the cash flow available for future inwesnts (Hall, 2002; Hottenrott and
5



Peters, 2012). The cash flow requirement makesrredtéundraising difficult and
unappealing, as most R&D projects are not immelyigi®ductive.

Finally, R&D investment projects are likely to seifffrom information asymmetry
problems. Innovators generally have informationwhihe probability of technical
success and the profitability of their current imatbon projects that is superior to the
information possessed by potential investors (ldall Lerner, 2010; Drivera and
Guedes, 2012). Firms have incentives to keep sgecegrarding the details of R&D
projects to avoid disseminating valuable informatto competitors (Mohamed and
Schwienbacher, 2016), though it raises their céstapital because of the lemons
premium (Hall, 2002; Balakrishnan et al., 2014)Meanwhile, information
asymmetries are also exacerbated by accounting, rtie absence of organized
innovation markets, and the uniqueness of R&D itnaests (Aboody and Lev, 2000;
Guariglia and Liu, 2014).

Given these financial constraints, R&D-intensiven may use their internal cash
flow or cash holdings for R&D smoothing (Brown amtersen, 2011; He and
Wintoki, 2016; Ahrends et al., 2018; Shao and X2@19)> as external financing is

either unavailable or more expensive than intefinahcing (Bernini and Montagnoli,

2017). However, internal cash holdings are exhblgstand cash flow is naturally
restricted (Hottenrott and Peters, 2012). In tsnario, firms may be forced to sell
non-core assets and utilize the proceeds to maittiair R&D investments (Borisova
and Brown, 2013; Brown and Petersen, 2015). Asdes provide an alternative way
to raise capital in order to finance investmentarfymities or meet liquidity needs
(Edmans and Mann, 2019) when external financirsgasce or costly (Borisova et al.,
2013).

According to Borisova and Brown(2013), the averagset sale increases R&D
intensity by 6.9% of the sample mean, which is atightly less than the amount that
would be generated (8.8%) by stock issues. Meaewltbvakimian and Titman

(2006) find that the sensitivity of investmentsasset sale proceeds is significantly

stronger for financially constrained firms. Furtimere, Brown and Petersen (2015)

* Admittedly, the relationship between a firm's capitost and disclosure quality may dependgoowth rate
thresholds (Dutta and Nezlobin, 2017).
> However, the financing sources for R&D investmegmhain ambiguous. Some researchers, such as Brown et
al.(2012), find that external equity financing ag major role for R&D investments. Contrariwise, Cleal.
(2015)find that firms use internal funds for R&D @stments. Similarly, Sasidharan et al. (2015)faifind any
significant evidence that firms use external eqfity R&D financing or engage in R&D smoothing usingsle
reserves.
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find that financially constrained firms favorabljogate cash holdings to buffer R&D
investments, even taking the extreme step of atiguheir fixed investments to fall.

Although previous studies provide valuable insigd R&D smoothing, most studies
seek to identify financial constraints by contmdi for R&D smoothing (e.qg.,
Hovakimian and Titman(2006); Brown et al.(2012);ttdarott and Peters(2012); He
and Wintoki(2016)) rather than the issper se Only a few recent studies, such as
Brown and Petersen(2011), Borisova and Brown(2018hd Brown and
Petersen(2015), have discussed R&D smoothing watth choldings or asset sale
proceeds. More recently, Kang et al.(2017) haveméxed the impact of
technological capability on the persistence andatidy of R&D investment.
However, these studies have neither addressedetieemdnants of R&D smoothing
with financing asset sales nor examined their inpan the relationship between
asset sales and R&D investment protection. Thidysaitempts to fill these gaps by
examining the heterogeneous effects of financiaktraints and innovation efficiency
on R&D smoothing with financing asset sales.

3. Theory and hypotheses

The literature review shows that R&D smoothing fssmnificant importance for
R&D-intensive firms owing to various adjustment tpsncluding firing or rehiring
costs for highly skilled employees, sunk costs, anw-compression diseconomies
(Borisova and Brown, 2013; Brown and Petersen, 2B&hg et al., 2017). However,
it is difficult for these firms to smooth their R&Mvestments, since R&D activities
are easily subject to financial constraints duehtgh uncertainty, asymmetric
information, and limited collateral value (Davidadt, 2000; Hall, 2002; Brown et al.,
2012). Facing financial constraints, these firmsynwhoose to protect some
value-enhancing investments according to capitgisathent costs while cutting their
investment expenditures. For example, Borisova Brmdvn (2013) show that firms
with limited external financing use the funds ob&l from tangible assets sale for
R&D activities. Similarly, Brown and Petersen (2DHbso point out that fixed asset
investment is reduced more than R&D investment wivams face severe financial
shocks in the financial crisis. Therefore, firme @&nclined to allocate more cash flow
into intangible assets (e.g. R&D investment) ratthem into tangible assets when

selling assets.



As far as asset sales are concerned, financialsasake rather than operating assets
sale plays an important role of financing in cogter financial decisions. Some
studies begin to pay attention to the relationshgiween firm financial asset
allocation and R&D innovation investment (Hahn, 201Compared to operating
assets associated with high asset specificity, lgss costly for firms to raise funds by
selling financial assets, since the latter gengradde at a lower liquidity cost in a
more active trading market. Financial assets wiilh Hiquidity can be used as
precautionary savings for R&D investment and al&vithe negative effects of
financial constraints on R&D activities. In thisgeed, financial assets sale is
beneficial to R&D investment. Apart from financirgcility, however, the excess
returns of arbitrage also provide firm a specu&ativtivation to allocate the proceeds
from financial assets sale (Orhangazi, 2008; Der2@09). As pointed out by
Orhangazi (2008) and Demir (2009), the allocatibfirancial assets has a "crowding
out effect” on other types of investment. In otkards, financial assets sale may
have adverse impact on R&D investment.

As the particular impact of financial assets saleR&D protection remains unclear,
R&D-intensive firms in China provide a unique expent for studying this issue. In
recent years, many China’s non-financial firms hbeen distracted from their main
business and involved in financial and real esti#ddls. These firms allocate
excessive investment in financial assets to obkagmer returns than their main
business, so that the investment income of findsisets have gradually become an
important part of profits (Zhang and Zhang 2016)adwhile, the proportion of
corporate financial asset investment has also asex greatly, especially after 2012
when the China Securities Regulatory Commissionedsthe Guidelines for the
Supervision and Administration on Listed Companids.2-Supervisionand
Administration Requirements for Listed Companieshen Management and Use of
Raised FundsThe guidelines allow listed firms to use idle emiSunds to purchase
investment products with high security and gooditigy. As a result, the average
holdings of financial assets by non-financial listirms have increased greatly in
China, which is presented in Figure A.1 in Appendix

Overall, operating assets sale and financial asség¢smay have heterogeneous effects
on R&D protection, since these two types of asaktsshave different liquidity costs.
For the comparison purpose, this study considetis bperating assets and financial

assets sales and proposes the general hypothdsikmas.
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H1. Research anddevelopment-intensive firms have incentives to eototheir
value-enhancing R&D investments by selling assétis melatively low adjustment
costs, such as operating assets and financial asset

However, R&D-intensive firms may face a R&D protentdilemma when they are
financially constrained. On the one hand, finarigiabnstrained firms may tend to
protect their R&D investments by selling non-cosseds, as this provides alternative
funds when external financing is especially scaceostly (Borisova and Brown,
2013). On the other hand, financially constrainetis may be forced to reduce their
R&D investments, as they typically use the procefeds asset sales to meet debt
obligations (Shleifer and Vishny, 1992) rather thatain the sale proceeds within the

firm (Lang et al., 1995). Therefore, the competiypotheses below are proposed:

H2a. Financially constrained firms are more inclined forotect their R&D

investments with financing asset sales.

H2b. Financially constrained firms are forced to redubeir R&D investments when
they raise capital through financing asset sales.

Nevertheless, how to efficiently convert the praterom asset sales into innovation
outputs is a fundamental issue for firms engagedR&D smoothing through
financing asset sales. The conversion process dspéeavily on innovation
efficiency, which directly determines the innovatioutputs achieved from a given set
of innovation inputs (Fu, 2012; Guan and Chen, 2042 dedicating more innovation
inputs cannot, alone, guarantee innovation outc@hesg 2015). As pointed out by
Cruz-Cazares et al.(2013), the key to increasing fierformance is technological
innovation efficiency. Gao and Chou (2015) find ttlianovation efficiency can
improve the value of multinational firms. Similarigirshleifer et al. (2013)find that
innovative efficiency contributes to operating jpemance and firm value. Firms with
higher innovation efficiency are more likely to aare innovation outputs, and thus
have a strong incentive to protect their ongoingCR@grojects. This leads to the final
hypothesis:

H3. Research and development-intensive firms with higivevation efficiency are
more likely to sell assets to protect their R&Déariments.



4. Methodology

4.1 Baseline model of R&D smoothing

Inspired by the seminal work of Brown et al. (2048) Brown and Petersen(2011),
this study constructs dynamic R&D models with fio@h variables to examine the
R&D smoothing with financing asset sales. These etwa@re based on an Euler
equation proposed by Bond and Meghir (1994) unberassumption of quadratic
adjustment costs for productive assets. The Eulgateon is a structural model
created through derivation from the dynamic optatian "Euler condition for
imperfect competition. It captures the impact ofrrent expectations of future
profitability on current decisions (Bond et al.,03) Brown et al., 2009; Whited and
Wu, 2006).

Incorporating asset sale proceedsalg) for R&D smoothing, the Euler equation
leads to the following empirical specification:

Rd;; = ayASale;; + aylE; 4 + azFCit_y + ayRd; ¢, + a5RdZt_1 + agGrowth;, +

a;Cfis + agDebt; + agStk; +ai0Size;, + u; + v + &4 D
ASale = OP, or Inv

where Rd;,_, reflects the R&D spending of firnd at periodt — 1, while Rd?,_,
denotes the quadratic adjustment costs of R&D imvest. ASale represents the
proceed from each type of assets sales, namelsatopge assets sal@#) or financial
assets saldr(v). Innovation efficiencyI) and financial constrain¥() are two main
explanatory variables. Following Borisova and BrowW2013), this study also
considers financial variables at the firm levelgtsias cash flowdf), net debt issues
(Debt), and net stock issuestk). Meanwhile, investment opportuniti@s-owth) and
firm size @ize) are also included to control for investment dedhalig. (1) also
incorporates firm-fixed effect ;) and time-specific effect{) to control for
unobserved, time-invariant factors, and aggregasmges respectively. Finally , is
the idiosyncratic error term. The constant termgha regression models are omitted
for the sake of brevity. All financial variableme scaled by total assets at the
beginning of the period. A detailed explanatiorttedse variables is provided in Table
A.1l in Appendix.

The parameters in Equation (1) can be interpretddractions of those in the original
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optimization problem of the Euler equations (Brogtnal., 2009; Guariglia and Liu,

2014). Under the assumption of quadratic adjustroesis in the Euler condition, the
expected coefficient on lagged R&D should be pesieind that on the quadratic term
should be negative. As aforementioned, the coefiisi onopP and Inv should be

positive for firms that choose to protect their R&estments by selling assets.

Meanwhile, the coefficients obebt and FC are predicted to be negati¥eFirms
with high debt ratios are more likely to reduceiti&D expenditures because R&D
investments may evaporate in times of financiatreés (Bhagat and Welch, 1995).
Moreover, cash flowdf) and stock issuestf) should share a positive relation with
R&D, while a similar pattern is expected to emdrgthe relationships between R&D
and investment opportunitiesrowth), firm size §ize), and innovation efficiencyk).

4.2 Moderating effect of financial constraints

Since the seminal work of Fazzari et al.(1988)xrgd body of literature has focused
on the identification of financial constraints (e.@rown et al.(2012); Chen and
Chen(2012); Foley-Fisher el al.(2016); Moshiriarakef2017)). However, there is no
consensus on how to measure financial constranafgepy, and a diverse range of
approaches has been applied (Erel et al., 2015 €hal., 2017). The main measures
include the Kaplan—Zingales (KZ) index (Kaplan afidgales, 1997), the Whited—
Wu (WW) index (Whited and Wu, 2006), and the inwemtt-cash flow sensitivity
(ICFS) method (Fazzari et al., 1988As pointed out by Erel et al.(2015), each
measure has limitations while also providing valaaimsight into how to assess
financial constraints.

As an alternative, the Euler equation approachrapgsed by Howell(2016). This
approach, based on the Euler equation, has seaerantages over the other
measures(Howell 2016). First, this approach addeesise critique of Kaplan and
Zingales (1997) that ICFS is not a reliable measidrgnancial constraints, as their
claim has not been substantiated in the dynamidipeniod setting of the Euler
equation. Second, this approach requires no furthiermation regarding firms’

® The literature does not provide a clear determimatf the relationship between R&D investment anbtde
Some studies, such as Bhagat and Welch (1995) amgj(@@l7), find that R&D investments are negatively
associated with indebtedness. By contrast, Gunal €017)argue that firms may use credit linefirtance their
R&D investments. Mann (2018) finds that patentintnpanies conduct significant debt financing for iaibon.
” The readers are referred to Khatami et al. (201b)dnlier et al. (2016)for excellent literature rewis on
financial constraints.
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market value or dividends, and the assumptionsimegdjuto estimate the Euler
equation are less restrictive. Finally, this applo&ontrols for all expectations of
future influences on current investment decisions.

Incorporating a set of firm characteristics to es@nt financial constraints, the Euler
equation is specified as follows:

Lig = malieq + poSalesye g + Q% Cfjrq + 1+ 85 (2)
with
0 =v,Size; + v,Age; + v3Lev;, + vicash;, 3

wherer;, is the investment expenditure of firmin period ¢, Sales;,_, the net
revenue generated from the selling of productsdgaand services in the previous
year, Cf;,_,the net cash flow received from operating actigiiie the previous period,
Size;, the firm size measured by the firm’s total assdig; . firm age, Lev;, the
ratio of long-term liabilities to total assets, ang#;, the cash holding.

Firm size, age, cash flow, and leverage are gdpebalieved to capture a firm’s
financial constraints well (e.g., Rauh(2006); Hattland Pierce(2010); Mulier et al.
(2016)and Howell(2016)). Firm size and age aremiost important factors in any
measure of financial constraints (Beck et al., 200€e et al., 2009; Hadlock and
Pierce, 2010). A firm’'s age is closely associatéith ws informational opacity, which
affects its creditworthiness and capital costs tlmeinformation asymmetry and
adverse selection (Hyytinen and Pajarinen, 200Bin Bize also matters for credit
extension, which involves overcoming problems ofoimation asymmetry and
insufficient collateral (Bernanke et al., 1996). &ler firms tend to face more severe
financial constraints because they are more likellyave volatile growth patterns and
earnings (Howell 2016) and less of a proven traekord(Schiantarelli 1996).
Meanwhile, cash flow is crucial for repaying dehtidherefore determines the firm’s
debt capacity (Mulier et al., 2016). Finally, ldesered firms are more likely to be
financially unconstrained because they are stafdepaofitable (Strebulaev and Yang,
2013), and thus have lower solvency risk (Muliealet2016F Unlike Howell(2016),
this study does not include other variables, sushexport and subsidy variables,

® Admittedly, there is a controversy regarding thiatienship between financial constraints andebtedness. As
pointed out by Bessler et al.(2013), for examplestnaero-leverage (i.e., extreme debt-conservafivels are
financially constrained because they have inseffitidebt capacity, while only a small number offinially
unconstrained firms with high profitability and diend payment may deliberately choose a zero-lgeepalicy
by avoiding debt financing. Readers are referre@édssler et al. (2013)and Dang(2013) for detailegtdiure
reviews.
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owing to data unavailability issues.

The estimated coefficients for thésin Equation (3) are used to calculate the
firm-specific financial constraint score, whichbased on the firm’s characteristics.
Although the estimated coefficients remain constamdr the full sample period, the

degree of a firm’s financial constraints is timeyag because its features change
over time. The firm-level financial constraint seat, ¢ is obtained as follows:

Fi = v,Size;; + v,Age; + v3lev;, + vycash;, (4)

A firm is considered to be financially constraingd;, > 0, while a higher score

indicates more severe financial constraints. Fa@eeaf interpretation, a dummy
variable FC is set equal to one if, > 0 and zero otherwise. In other words, firms
are sorted into financially constrained and unaams¢d groups according to their
financial constraint scores.

The dummy variablerc is introduced to examine the moderating effeclirdncial
constraints on the relationship between asset aalgf&D protection. Incorporating
the interaction term of financial constraint andgqaeds from asset sales, Equation (1)
is reformulated as follows:

Rd;; = y,ASale;; + v, Asaleys X FCiy_q +y3FCip_q + V4lE; ;1 +ysRd;r 4 + VéRdiz,t—1 +
y7Growth; . + ygCfi s + voDebt;; + y19Stkis+y11Size; s + u; + vp + & %)

ASale = OP, or Inv

where coefficienty, represents the magnitude of the moderating effeéinancial
constraints on financing asset sales (operatingt@ass financial assets). A positive
coefficient y, represents that financially constrained firms mpmbtéheir R&D
investments with the proceeds from asset salesrwibe, the firms reduce their R&D
investments when raising capital through assetsale

4.3 Moderating effect of innovation efficiency

A firm’s innovation efficiency is generally undessd as its capacity to generate
innovation outputs per unit of innovation inputg, (R009; Hirshleifer et al., 2013;
Gao and Chou, 2015; Knut et al., 2017). Numeroudias have adopted a wide range
of indicators for innovation inputs, such as innosa expenditure (Fu, 2012; Knut et
al., 2017), R&D capital (Hirshleifer et al., 201Gyriffin et al., 2018), and R&D

manpower (Wang and Huang, 2007; Fu, 2012). Sondiestihave also proposed a
13



variety of innovation output indicators, includipatents and patent citations (Seru,
2014; Gao and Chou, 2015), innovative sales(Fu R042d product innovation
(Cruz-Cazares et al., 2013). Unfortunately, thered widely accepted measurement,
as the mixed use of different types of indicatoraynbead to ambiguous results
(Cruz-Cazares et al., 2013).

Following Hirshleifer et al. (2013)and Griffin ek @018), this study uses the share of
a firm’s number of patent filings scaled by its R&penditures as the measure of
innovation efficiency. This measure indicates tlmn’s capability to transform
innovation input (i.e., R&D expenditures) into inative output (i.e., patents).
Although patent citations provide valuable inforioat regarding the quality of
innovative output (Gao and Chou, 2015), this stddgs not include these data, as

they are unavailable in China.

Instead, this study considers three types of pat@nChina, namely, invention, utility

model, and design. These three types of patentsctethe technological and

economic significance of patents as they help risish between breakthrough
innovations and less-innovative or superficial rtee’® To provide the broadest

coverage, this study constructs three indicatorsnobvation efficiency using the

shares of the firm’'s patent application filings fmventions, utility models, and

designs divided by its R&D expenditures respecyivEhese indicators of innovation

efficiency, denoted by’ IE”, and IE" correspondingly, capture innovation qualities
well. It is worth noting that this study mainly fages on inventions and utility models,
as they both involve "new technical solutionshich is not involved in desigrs.

The innovation efficiency indicatotE (IE',IE"and IE") is included to examine the
moderating effect of innovation efficiency on tledationship between asset sales and
R&D protection. Incorporating the interaction terofi innovation efficiency and

proceeds from asset sales, Equation (1) is ref@tedlas follows:

Rdi,t = 61Asalei‘t + 62Asalei‘t X IEi,t—l + 631Ei,t—1 + 64FCi,t—1 + 65Rdi,t—1 + 66Rdi2,t—1 +

° Although patents, like other indicators, are subjeccriticism, they are one of the most readilyitable and
reliable measures of innovation output (Li, 2009p@&nd Chou, 2015).
' According to China’s patent system, patent qualifsies across three categories (Li, 2009). Invenpiatents
represent the most valuable and technologicallyhistipated innovation outputs. Utility models aresd
significant than inventions in terms of technol@jicnovation but are more innovative than designsother
words, designs contain less technological innowatind indicate superficial novelty. China’s "invemtipatents”
are equivalent to US "utility patents”, while "dgsipatents” in China are similar to their US coyvaets.
However, China’s "utility models" have no US equérdl (Christodoulou et al., 2018). Readers are rafau¢he
Patent Law of the People’s Republic of Chiaadefinitions of inventions, utility models, amigsigns.
"' Invention patents in China are relatively sparsepaned to utility model and designs patents.
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6,Growth; + 6gCf; + 69Debt; ; + 619Stk;+611Size; + pu; + v + &t (6)
ASale = OP, or Inv,and IE = IE | IE or IE"

where coefficients, represents the magnitude of the moderating effectnovation
efficiency on asset sales, amg is the residual. The coefficier®, is expected to be
positive if firms with high innovation efficiencyr@ more likely to protect their R&D
investments by financing asset sales.

This study examines the combined impact of findncanstraints and innovation
efficiency by incorporating the interaction term fofancial constraint and proceeds
from asset sales and a triple interaction term rofovation efficiency, financial
constraints, and asset sale proceeds into Equ@)oand reformulates it as follows:
Rd;; = t,ASale;; + 1,Asale;y X FCip_q X IE; 1 + 13Asale; s X FCir_q + T4Asale;; X

IE;¢— 1 + T5FCir—q + T6lE;r—1 + T;Rd; 14 + TgRAF,_y + ToGrowth;, + T1oCfiy +

T11Debt; ¢ + TStk +113Size; e+ + v + & @)
ASale = OP,or Inv,and IE = IE | IE or IE"

where coefficientr, represents the extent to which financial constsaiahd
innovation efficiency jointly impact the moderatitretween asset sales and R&D
investment. The coefficient,is predicted to be positive if financially constred
firms with high innovation efficiency sell assetsgrotect their R&D investments.

5. Empirical analysis

5.1 Indices and data description

This study selects Chinese A-share listed companiih significant R&D
investments from 2009 to 2016 to examine their Rémoothing with financing asset
salest? These companies are listed on Chinese exchangesriamarily available for
domestic investors. Most of these firms are in nebdbgy-intensive industrial sectors,
including the chemical material industry, pharmaical industry, general equipment
industry, specialized equipment industry, autonetndustry, computer industry, and
software and information technology services ingust In order to select firms with

2 The Chinese government implemented tdew Accounting Standardm 2007 to regulate information

disclosure with respect to investment accountss Biiidy does not include the data before 2009 tadathe

distortions caused by accounting standards chaargethe global financial crisis in 2008.

B According to theStatistics Catalogue of Higtechnology Industry Classificationissued by the National

Bureau of Statistics of China in 2002, China’s tecbgglintensive industrial sectors are concentrated i

electronics and communications equipment manufegtur electronic computer and office equipment
15



substantial R&D expenditure, this study excludey &mm without at least four
positive R&D observations in the sample period (50% during the period}. In so
doing, there are at least five listed companiehiwieach sectorn addition, this
paper also eliminates the ST and *ST firms. A tofa2142 observations remain to be
analyzed after preliminary screening. These dataseiet the sample requirement as
all firm-level datasets should be standardizedHgyrhean and standard deviation of
their industries.

Firms’ financial data are retrieved from the Winthdncial Database, which the
literature has often used (e.g., Zheng et al.(20dBng and Yuan(2018)), while
patent information is collected from the officialebsite of the State Intellectual
Property Office of China (SIPOC). Operating assats is calculated according to the
cash received from the sale of fixed assets, inbdagssets and other long-term
assets, while financial assets sale is the cagivezt from the investment recovery in
the cash flow statement of the fifth All continuous variables are winsorized at the
1% and 99" percentiles to mitigate the impact of possibleliers. The detailed
information on the variables is presented in Tablé in Appendix, and summary

descriptive statistics for the firms’ financial dadre displayed in Table 1.

Table 1. Descriptive statistics for financial variables

Full sample  Financially unconstrainedFinancially constrained Mean difference

(N=2142) (N=388) (N=1754) between two groups
Variable Mean Dsé?/?adts)rﬁ Mean gé?/?;;gg Mean Dsé?/?;gg t-statistic Z-statistic
Rd;;  0.0279  0.0238 0.0223 0.0197 0.0291 0.0249 -0.4884 .0330
OP,;,  0.0028  0.0107 0.0004 0.0010 0.0033 0.0141 -15081-3.196
Inv;;  0.0554  0.3594 0.0415 0.1392 0.0801 0.3511 -0.7993-2.487
Cfis 0.0393  0.0605 0.0412 0.0687 0.0407 0.0602 -1.02921.5013
Growth;, 0.3094  3.2748 0.2569 0.1472 0.4004 3.9077 -0.1797.003%
Stk;;  0.0968  0.2806 0.0436 0.1739 0.1234 0.2682 -2.0850-2.632"
Debt;;  0.0429  0.0983 0.0412 0.0927 0.0509 0.1012 -0.0994-1.010
Size;;,  21.8869  1.1704 22.0122 1.2003 20.9353 0.9987 -8.027 -2.501
Lev;;  0.3072  0.2001 0.2002 0.1731 0.3790 0.1934  -8.02118.9750"
IE;;—,  0.4022  0.9980 0.3410 0.4879 0.3994 0.8011 -0.1610.0328

manufacturing, pharmaceutical manufacturing, andicaé equipment manufacturing.
" The results in general are robust and consistefgrumore restrictive conditions.
> According to CASs, cash received from investmenovery refers to the cash received by the compamm fr
the sale, transfer or maturity of transactionaktsg$other than cash equivalents), held-to-matuniestments,
available-for-sale financial assets, long-term ggmvestments, and investment real estate.
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Notes: In this tabld\ stands for the number of observations. The meffereinces between financially
constrained and unconstrained groups are obtaisied the t-test and the Wilcoxon (Mann—Whitney)
rank-sum test respectively. *** ** and * denotégsificance at the 1%, 5%, and 10% levels
respectively. Definitions of variables are provided able A.1 in Appendix.

As shown in Table 1, the average R&D intensiy)(is 2.79%, while the mean of the
operating assets sales rat@P) is 0.28% and that of financial assets salas)(is
5.54%. Financial assets sales are more salientineSe R&D-intensive firms than
operating assets sales and are nearly double R&sity. In other words, not all
proceeds from asset sales are put into R&D invastni@érms with financial assets
sales may have certain motivation for speculatinadifs. For example, the average
holdings of financial assets by Chinese non-finaintisted firms have increased
significantly according to the secular trend ofaficial asset allocation presented in
Figure A.1 in Appendix. The share of cash flow fraperating activities df) is
3.93%, which is almost equivalent to that of dedstues (4.29%) and is half that of
stock issues (9.68%). Nevertheless, asset salgaplanportant role in raising funds,

accounting for nearly 32.5% of total fundraising

Table 1 also shows that most R&D-intensive firms @iina are financially
constrained, even though they are listed firms bim€se stock markets. This result is
consistent with the results of previous studiesareing the characteristics of R&D
investments. The mean differences between findgaahstrained and unconstrained
groups show that these two groups are statistisadlyificant with respect to net stock
issues {tk), and leverageLév). Financially constrained firms generally haveaiee
leverage, and stock issues. However, there is gufisiant difference between the
two groups in terms of other firm features, suchcash flow €f), innovation
efficiency (E), and R&D investmentr{d). These findings somewhat alleviate the
endogeneity concern regarding firm performancepwation efficiency, and R&D
investment because, intuitively, they affect eattteo Moreover, the two groups are
barely significant in terms of firm sizeaige) and net debt issueBdpt).

5.2 Generalized method of moments estimation results

Dynamic panel data models may suffer from endoggnitiough some variables are
uncorrelated. This study employs the system gemethimethod of moments (GMM)
estimator developed by Arellano and Bover (199%) Richard and Bond (1998) to
address the potential endogeneity of the regressimiables® The system-GMM

' The GMM model can also address temporal specifitiadividual effects (Bandyopadhyay and Barua, 2016)
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estimator regards all variables, including differett and lagged variables, as
potentially valid instruments if they are uncortethwith the error term (Guney et al.,
2017). The GMM model controls for endogeneity vadadtransformation (Ullah et al.,
2018), which includes first-difference transforroati (one-step GMM) and
second-order transformation (two-step GMM). To dvootential data loss associated
with the one-step GMM (Ullah et al., 2018), thisidst uses the two-step GMM
method to estimates the regressions with lagge@rikmt variables up to period
t — 4 as instrument$” The downward-biased standard errors of the twop-&5M
for small samples are also calibrated via Windm'sij@005) finite-sample correction.
The two-step GMM estimators are reported in TaBlasd 3 respectively.

This study also uses the Sargan test of over-iyargi restrictions to assess
instrument validity and the Arellano—Bond test xamine autocorrelation in residuals
(Ullah et al., 2018). According to the Sargan télsg instruments included in the
econometric models are exogenous if the test mmh$o be statistically insignificant.
For the Arellano-Bond test, the GMM estimator ididsaf a first-order serial
correlation (i.e., ml) is observed and there isecond-order serial correlation (i.e.,
m2) in the residuals. The results of the SarganAmetlano—Bond tests are reported
in Tables 2 and 3 respectively. The results shaat the GMM estimators in this
study pass the diagnostic tests and are therefdiat v

5.3 R&D protection via asset sales

This section uses the two-step GMM to estimaterdgessions and analyzes the
impacts of financial constraints and innovationogihcy on R&D protection by asset
sales. Tables 2 and 3 report the GMM estimators respect to R&D protection with
proceeds from operating assets sale and finarssatssale respectively.

As shown in Tables 2 and 3, the coefficients ogé¢agR&D are significantly positive
at the 1% level, while those on their quadraticneiare significantly negative. This
finding is consistent with the expectation thatréhare quadratic adjustment costs in
R&D investment. Meanwhile, the coefficients asstemawith innovation efficiency
(IE), investment opportunitieg{owth), and cash flowdf) are significantly positive,
while that of net debt issuesdpt) and financially constraint=C) are significantly

as well as the dynamic panel bias arising from dberelation between firm-specific fixed effects alagiged

dependent variables (Guney et al., 2017).

Y This study also tried the one-step GMM and fourad the model could hardly pass the over-identifizatest.
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negative. These findings imply that R&D investmiesndietermined not only by firms’
financial conditions but also by their previous R&IDvestments, innovation
efficiency, and market conditions.

More interestingly, R&D protections with operatiagsets sales and financial assets
sales are generally salient after controlling fdheo financial variables. The
coefficients associated with asset sale proceexnts @perating asset®K) and from
financial assetsigv) in Eqg. (1) are significantly positive at the 1&vél, except the
coefficient ofInv for design case, which is only significant at #@% level. These
results support Hypothesis 1 that firms are gehemtlined to protect their R&D
investments by selling their operating assets anan€ial assets. The results also
support previous studies suggesting that R&D-intenfirms tend to use available
internal financing, rather than external financifgg,their R&D investments.

Tables 2 and 3 also show that the coefficientsheninteraction terms of financial
constraints and operating assets sales are semifycnegative for both invention and
utility model in Eqg. (5) (at level of 1% and 10%spectively). However, their
counterparts are negative but insignificant at emtional levels in the design case.
These findings reject Hypothesis 2a and therefappart Hypothesis 2b, implying
that financial constraints have a negative modagagiffect on R&D protection with
financing asset sales, especially for firms witliting-edge innovation. These firms
may face more uncertainty and higher risk of R&Duf&, and therefore, the negative
effects of financial constraints are more promin@tamien and Schwartz, 1978).
This finding is consistent with Campello et al. 18) and Zhang (2015) that
financially constrained firms are more likely tauee, rather than protect, their R&D
investments, even if they choose to raise capjaddiling assets. This finding also
supports the view of Borisova and Brown (2013) thhe R&D financing
consideration is not the primary motivation foretsdivestitures.

Tables 2 and 3 further show that most of the caeffits on the interaction terms of
IE and oP (or Inv) are statistically significant for the three inaton types. The
positive coefficients in Table 2 suggest that imtamn efficiency has significantly
positive moderating effects on R&D protection byemgiing assets sales, supporting
Hypothesis 3. By contrast, the coefficients on iteraction terms of innovation
efficiency and financial assets sale in Table 3sgggificantly positive for the cases of
innovative patents (invention and utility model)hilg the one in the case of
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superficial novelty (design) is insignificant. THieding suggests that only firms with
high innovation efficiency in core patents are imetl to protect their R&D
investments with financial assets sale, partiallgporting Hypothesis 3. This finding
implies that firms with high efficiency in superifat innovation have less incentive to
protect their R&D investments by selling financassets, even though the financing
cost of financial assets sale is lower than thatpafrating assets sale. The comparison
results between two types of asset sales shovR&Bt smoothing with asset sales is

partially influenced by innovation types.

The coefficients on the triple interaction termsTables 2 and 3 reflect the joint
impact of financial constraints and innovation @éncy on R&D protection with
asset sale proceeds. Tables 2 shows that the @eefté are significantly positive at
the 1% level in the three innovation cases. Sityildhe coefficients on the triple
interaction terms in Table 3 are significantly piesi at the 1% level for invention and
utility cases, while the coefficient for design eas insignificant. These findings
suggest that financially constrained firms with Hignnovation efficiency are
generally inclined to increase their R&D investmeith proceeds from asset sales.
In other words, innovation efficiencies in thesersrios (except the design case with
financial assets sale) are large enough to offsetadverse impacts of financial
constraints on R&D protection, so that financiatlynstrained firms with innovative

patents are willing to protect their R&D investmeniith asset sales.

In general, both operating assets sales and fiabassets sales have positive impacts
on R&D investment. However, R&D protection with ogéng assets sale is more
salient than the one with financial assets sale.sh@wn by Tables 2 and 3, for
example, the coefficients avperating assets sale and its interaction termsnare
significant and larger than those coefficients oraricial assets sale. This finding
suggest that operating assets sale is mainly $e fands for R&D protection while
financial assets sale has some arbitrage motigtiotmer than financing facility, to
be satisfied (Orhangazi, 2008; Demir, 2009). R&DMaficing consideration is
probably a primary motivation for operating asssae rather than financial assets
sale. Given that operating assets sale has avediahigher liquidity cost due to asset
specificity, these findings also indicate that otriyly innovative firms would like to
adopt the R&D smoothing strategy with operatingetssales at higher financing
Ccosts.
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Table 2.

Financial constraintsvs. innovation efficiency on R& D protection with proceeds from oper ating assets sales

Invention (E = IE")

Utility model (E = IE")

Design (E = IE")

Variable Eq. (D Eqg. (5) Eq. (6) Eq. (7) Eqg. (1) Eqg. (5) Eq. (6) EQ). Eqg. (1) Eqg. (5) Eq. (6) Eq. (7)
Rd. 0.576" 0.488" 0.492" 0.531" 0.511" 0.492” 0.479" 0.519" 0.417" 0.423" 0.486" 0.505"
it-1 (92.18) (101.10) (93.74) (107.22)  (112.70)  (86.17) (94.12) (80.12) (121.16)  (106.23)  (103.12) (72.13)
Rd? -0.047" -0.038" -0.033" -0.049" -0.042" -0.050"  -0.044" -0.039" -0.043" -0.040™ -0.035" -0.042"
Lt-1 (-20.19)  (-13.14)  (-20.44)  (-17.52)  (-21.13)  (-16.00)  (-19.27)  (-17.33)  (-15.09)  (-16.62)  (-19.92)  (-15.78)
OP. 0.033" 0.018 0.315" 0.043 0.047" 0.055 0.083 0.244 0.041" 0.318 0.072 0.015
it (12.26) (2.39) (7.76) (0.88) (8.65) (1.26) (4.45) (0.69) (9.17) (2.79) (0.33) (1.29)
OP.. X FC. -0.31C” -0.008” -0.03C -0.015 -0.(45 -0.31¢€
it it-1 (-5.32) (-3.54) (-1.22) (-6.00) (-131) (-0.33)
OP:. % IE. 0.11¢ 0.55% 0.00€
it it-1 (7.74) (14.22) (8.10)
03157 0.09C” 0.1117
OPyy X FCyy_y X IEj;_4 (6.31) (841) (3.35)
e, -0.11€~ -0.052" -0.10€ -0.08¢ -0.1007  -0.08¢"  -0.104” -0.077 -0.075" -0.08C” -0.05€¢" -0.041
it-1 (-12.35) (-17.02) (-13.34) (-15.16) (-17.31) (-12.90) (-15.77) (-14.46) (-16.29 (-12.72) (-10.35) (-13.05)
IE. 0.401 0.34€ 0.329 0.28¢ 0.31¢€ 0.272 0.209 0.278 0.323 0.30C 0.25¢ 0.302
it-1 (17.19) (20.13) (20.53) (19.80 (1842) (14.25) (15.11) (18.40) (19.21) (15.37) (11.15) (1257)
Growth: 0.050 0.041 0.31¢ 0.C307 0.33 0.C33 0.03¢ 0.03] 0.€39 0.310 0.C18 0.31%
owthi e (11.22) (1025) (17.31) (13.12) (8.31) (9.31 (10.32) (8.65 (10.00! (6.11) (7.06) (8.97
cf 0.200™ 0.209™ 0.235" 0.117" 0.097" 0.131" 0.084" 0.107" 0.177" 0.182" 0.203" 0.194™
it (25.41) (22.72) (21.84) (19.70) (17.32) (19.45) (18.32) (17.17) (15.04) (16.55) (15.01) (16.10)
Debt: -0.0347 -0.056™ -0.337 -0.0677 -0.0627  -0.387  -0.¢497 -0.c717 -0.31€” -0.C34™ -0.31¢™ -0.021™
it (-11.66) (-12.15) (-17.20) (-15.23 (-13.70) (-16.C7) (-11.22) (-7.20) (-14.41 (-13.77) (-12.55, (-13.50)
Stk 0.00¢ 0.00¢ 0.003 -0.004 0.03( 0.C31 0.008 0.019 0.009 0.001 0.005 0.011
it (1.29 (1.73 (0.54' (-0.73 (4.39) (0.26. (5.42 (4.23 (12.31 (1155 (4.65) (2.46)
Size: -0.C1C -0.01% 0.110 -0.01€” -0.017 -0.047 -0.050" -0.01¢" 0.C15 0.02C 0.008 -0.02¢
Z€it (-0.84 (-0.05) (0.24) (-2.61) (-2.51) (-1.65) (-2.24 (-2.20° (7.34 (2.78 (4.86' (-0.52)
c -0.044”  -0.1057  -0.014"  -0.101" 0.072" -0.163 0.075 0.060" -0.134 -0.027"  -0.109" 0.039”
ons (-10.20)  (-13.18)  (-15.41)  (-11.18) (5.04) (-0.93) (1.82) (6.44) (-1.00) (-6.10) (-11.24) (7.77)
Firm contro contro contro contro contro contro contro contro contro contro contro contro
Year control control control control control control dool control control control control control
Sample siz 214z 214 214z 214z 214z 214z 2142 214z 214 214 2142 214
Arellanc-Bond test (m1 0.00( 0.00( 0.00( 0.00( 0.00( 0.00( 0.00( 0.00( 0.00( 0.00( 0.00( 0.00(
Arellano-Bond test (m2) 0.551 0.516 0.480 0.422 99.3 0.544 0.489 0.422 0.524 0.408 0.387 0.460
Sargan te: 0.804 0.75( 0.79¢ 0.82¢ 0.711 0.81( 0.8¢1 0.80¢ 0.65¢ 0.67C 0.75¢ 0.801

Notes: This table reports the two-step GMM estioratiesults using unbalanced panel data. The depemdgable is R&D investmeniR{d), while Consrepresents the constant. Values in
parentheses are standard errors corrected by Wijgdr(®005). ***, ** and * denote significance #te 1%, 5%, and 10% levels, respectively.
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Table 3.

Financial constraintsvs. innovation efficiency on R& D protection with proceeds from financial assets sales

Invention (E = IE)

Utility model (E = IE")

Design (E = IE")

Variable Eq. (D Eq. (5) Eq. (6) Eq. (7) Eq. (1) Eq. (5) Eq. (6) Q. Eq. () Eq. (5) Eq. (6) Eq. (7)
Rd. 0.584" 0.602" 0.499" 0.510" 0.572" 0.561" 0.471" 0.501" 0.572" 0.569" 0.505" 0.543"
it-1 (92.33) (110.21) (82.89) (103.06) (78.86) (79.99) (84.39) (80.06) (90.12) (82.12) (87.30) (99.06)
Rd? -0.054" -0.048" -0.051" -0.045" -0.062" -0.039" -0.022" -0.051"  -0.019"  -0.022" -0.012" -0.034"
Lt-1 (-11.35) (-17.33) (-18.02) (-14.35) (-13.33) (-9.44) (-8.35) (-15.02) (-12.88) (-10.02) (-8.33) (-10.01)
v 0.01¢™ 0.37 0.027" -0.071 0.C337 0.04 0.C15™ -0.022 0.002 -0.C72 0.055 0.C11
it (4.53 (0.42) (1.99) (-0.95) (3.81) (1.45) (4.12) (-1.34) (1.44) (-0.33) (1.48) (0.15)
Invs. X FC. -0.C11 0.047 -0.c7¢ 0.077 -0.053 -0.002
it it-1 (-6.03) (0.40) (-2.41) - (0.60) (-0.16) (-3.88)
nvs X IE. 0.048 0.102 -0.117
it it-1 (5.17) (2.76) (-0.84)
. 0.097” 0.08™ 02717
Invit X FCyr_q X IE; 14 (4.50 (3.99) (0.343
FC. -0.095” -0.084" -0.077" -0.065™ -0.07€” -0.07¢” -0.061” -0.074~ -0.065" -0.091” -0.08¢™ -0.05¢”
(2216 (1917 (1659 (1675 (1633 (1439 (1377 (1239 (137 (1459 (1279  (13.09
IE. 0.282 0.31C 0.244 0.27% 0.441 0.39¢ 0.402 0.45¢ 0.20¢€ 0.297 0.302 0.311
it-1 (12.7Q) (14.6€) (13.4) (19.06) (11.3) (18.29) (16.79) (10.25) (16.1Q) (13.17) (14.32) (15.99
Growth: 0.C32 0.10C 0.044 0.05€ 0.071 0.C79 0.065 0.051 0.049 0.050 0.081 0.062
oWthi (12.11) (9.34) (8.20) (9.77) (13.11) (12.21) (8.11) (8.10) (9.12) (7.06) (8.12) (7.29)
Cf 0.202™ 0.21€™ 0.199™ 0.202" 0.207" 0.161™ 02117 0.23C" 017" 0.185™ 0.2(6™ 0.20C™"
fie (34.15) (30.11) (27.92) (24.33) (21.86) (20.08) (22.18) (21.10) (20.28) (18.71) (16.67) (14.32)
Debt: -0.090™ -0.c777 -0.057" -0.627 -0.c767  -0.07C" -0.049™ -0.053" -0.81" -0.c86™ -0.045™ -0.051™
it (-9.16) (-10.09) (-9.0¢) (-10.19) (-6.12) (-11.46 (-10.2) (-9.20) (-10.05) (-7.84) (-8.19) (-7.06)
Stk 0.044 0.051 0.034 0.028 0.124 0.101 0.022 0.031 0.111 0.050 0.045 0.060
it (5.01) (4.10) (2.55) (3.16) (1.95) (3.69) (5.04) (1.99) (0.56) (3.98) (3.36) (5.16)
Size: -0.C07" -0.01€ -0.025~ -0.0437 -0.0297 -0.0337 0.C28 0.046° -0.033 0.c41 0.054 0.101
1ZCi¢ (-2.78) (-1.52) (1.97 (-1.99 (-3.36) (-2.83) (0.56) (1.43) (-1.35) (1.82) (1.35) (0.56)
c 0.013" 0.088" -0.042"  -0.036" 0.120™ -0.050™ -0.122 -0.105” 0.220” -0.076"  -0.107" 0.050”
ons (5.42) (7.41) (-5.50) (-5.07) (8.11) (-3.22) (-1.43) (-3.12) (3.49) (-10.11) (-7.22) (4.77)
Firm control control control control control control control control control control control control
Year control control control control control control control control control control control control
Sample size 2142 2142 2142 2142 2142 2142 2142 2142 2142 2142 1422 2142
Arellanc-Bond test (m1 0.00( 0.00( 0.00( 0.00( 0.00( 0.00( 0.00( 0.00( 0.00( 0.00( 0.00( 0.00(
Arellanc-Bond test (mz 0.487 0.392 0.37¢ 0.50¢ 045z 0.511 0.382 0.473 0.512 0.504 0.401 0.288
Sargan te: 0.76¢ 0.651 0.70z 0.81C 0.741 0.69¢ 0617 0.792 0.65% 0.677 0.76E 0.82C

Notes: This table reports the two-step GMM estioratiesults using unbalanced panel data. The depemdgable is R&D investmenR{), while Cons represents the constant. Values in

parentheses are standard errors corrected by Wijgr(®005). ***, ** and * denote significance 486, 5%, and 10% levels respectively.
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5.4 Robustness test

For prudence sake, this section replaces the fialoonstraints index, proposed by
Howell(2016), with the well-knownkZ index (Kaplan and Zingales, 1997) to
recheck the robustness of the findings. The rokesstriest results are reported in
Tables A.2 and A.3 in the Appendix. The resultsgaeerally consistent with the main

findings aforementioned.

As shown by Tables A.2 and A.3, R&D-intensive firnmsgeneral are inclined to
protect their R&D investments by selling operatasgets and financial assets, except
the case of design patent with financial assess&&D protection with asset sale is
more pronounced for firms with high innovation eiincy, especially in the case of
operating assets sales. Meanwhile, innovation ieffcy has positive moderating
effects on the R&D protection with asset sales affithancial constraint negatively
moderates the relationship between R&D investmedt asset sales in the cases of
invention and utility model. Furthermore, finicallgonstrained firms with high
innovation efficiency in utility model patent areuind to protect their R&D
investment with operating assets sale, and thosie mgh innovation efficiency in

invention patent and utility model patent.

Tables A.2 and A.3 also indicate some anomaliesded by the incorporation atz
index. The coefficients on the interaction termgimdéncial constraint and asset sales
(namely, KZ x OP, KZ x Inv) in Equation (5) are both significantly positive tine
case of design patent. Similarly, the coefficiemtsfinancial constraintkz) and its
interaction terms with asset sale® (and Inv) in Equation (7) are positive for the
case of design patent, while the coefficients imeotcases are significantly negative.
These anomalies suggest that financially constdaifivens would like to increase
rather than reduce R&D investment in the desigemgatase, which is contrary to the
findings in other cases with innovative patents.

However, these anomalies are against the ratighatdirms are less likely to protect
superficial innovation rather than breakthroughowation with asset sales, especially
when they are financially constrained. It is wonibting that these anomalies should
not affect the main findings of this paper, sintenainly focuses on cutting-edge
innovations, namely innovation and utility modeltgrds, rather than design patent

with superficial novelty.
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6. Conclusion

This study explores the determinants of R&D smawhaith financing asset sales
from the perspectives of financial constraints ambvation efficiency. Specifically,
this study examines the countervailing effectsiéricial constraints and innovation
efficiency on R&D smoothing with financing asselesausing evidence from China’s
R&D-intensive firms spanning 2009 to 2016. The gtubnsiders three types of
innovation efficiencies and two financial consttaimdicators to ensure the broadest
possible coverage. The empirical results obtaingdhb two-step GMM estimation
are generally consistent and offer interesting ifigd regarding R&D investment

activities.

R&D-intensive firms in China are generally foundpmtect their R&D investments
by selling operating assets and financial assetanwhile, financial constraints are
found to have negative moderating effects on thiatiomship between R&D
investments and financing asset sales, while inmmvaefficiency is found to
positively moderate the latter. More interestindlpancially constrained firms with
high innovation efficiency are found to increaseeithR&D investments with
financing asset sales. These findings show thaasfiwith high innovation efficiency
are more likely to increase their R&D investmenyssblling assets, while those with
high financial constraints are inclined to redukeirt R&D investments unless they
have high innovation efficiency. These findings arere pronounced for operating
assets sales than for financial asset sales. Thevioe of selling asset to protect R&D
is more pronounced in firms with high efficiency oore innovation, namely,
invention patents and utility model patents. Thésdings suggest that financially
constrained firms do not adopt the R&D smoothimgtegyy with financing asset sales
unless they possess high innovation efficiency.séiegms are largely driven by the
financing motivation to sell assets to satisfy rseswre urgent than that of protecting
R&D investments. By contrast, firms with high inmbwon efficiency, even when
financially constrained, are mainly motivated by tfficiency incentive to increase
their R&D investments with financing asset saless A result, prior R&D
performance is a major driver for R&D smoothing lwjiroceeds from asset sales,
though financial constraints are an alternativeivatibn for financing through assets

sales.
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Overall, these findings further our understandifghe practice of R&D smoothing
with financing asset sales by clarifying the radésnnovation efficiency and financial
constraints. For one thing, the findings complenmetiious studies regarding R&D
persistence, such as Ganter and Hecker (2013), Ktaiad(2017) as well as Coad
(2019), by highlighting the opposite effects of awation efficiency and financial
constraints in R&D smoothing. For another, the ifngd provide new insights into
asset divesture theory, including Arnold et al.1@@nd Edmans and Mann (2019),
by identifying two under-researched motivations fioancing asset sales. This study
is expected to build a bridge between R&D investmeranagement and asset

divesture from the perspective of R&D smoothingwihancing asset sales.

Our findings also have the following policy implicans. Firstly, R&D-intensive
firms should preserve financial flexibility in carte liquidity management, since
they are easily subject to financial constrainisakcial flexibility enables the firms
to alleviate financial distress at a low cost wii@cing negative shocks. Financially
flexible firms can keep their R&D expenditures telaly smooth, and therefore,
avoid the very large adjustment costs of discomtihor suspended R&D investments.
Secondly, R&D-intensive firms should consider th&Rsmoothing strategy with
financing asset sales if they are financially caaieed. Asset sales are an alternative
financing source for R&D investments in emergingrkets with limited external
financing opportunities like China. Although theopeeds may be limited, they are
especially valuable as a way for R&D-intensive rto protect their value-enhancing
R&D investments without having to resort to morstgoexternal financing. Finally,
R&D-intensive firms should pay attention to themnovation efficiency when
smoothing their R&D investments through financisget sales. Innovation efficiency
not only provides a strong motivation to sell asser R&D smoothing, but also
determines the innovation outcomes obtained fraarR&D smoothing strategy. To a
large extent, the performance of the R&D smoothsitrgtegy with financing asset
sales would depend on the firms’ innovation efficies, especially for those who are

financially constrained.

A limitation of this study may arise from its focos the listed R&D-intensive firms
in China, since other firms may also take part 8DRinvestments and asset sales.
The primary reason is that the R&D-intensive firhese a more pronounced R&D
orientation and a stronger incentive to smoothrtR&D investments. Even though

these firms publicly listed, they are easily susibdp to financial constraints due to
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the unique characteristics of R&D investments, esflg in a typical emerging
market like China. Financing asset sales provitlesd firms an alternative to protect
their R&D investment if they are financially coratred. The research findings are
expected to be further verified in more comprehenstudies. Moreover, the impact
of R&D smoothing strategy with financing asset sada firm performance deserves
further study, which is beyond the scope this paper
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Appendix
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Figure A.1 Financial asset investment of firmsin China

Notes: This figure shows the secular trend of the proportion of financedteito total assets held
non-financial A-share listed companies in China from 2009 to 2019.
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TableA.l. Variable definitions and description

Variable Definition Description Variable Definition Description
. . . . Natural logarithm of the years between establishrdate
Rd R&D intensity R&D spending/Total assets Age Firm age (or merger date) and the sample period
2 Quadratic adjustment costs . . . ) . . FC = 1 if the value of F in Model 5 is positive; othése,
Rdi_4 of R&D investment Squared value of lagged R&D intensity FC Dummy variable of financial constraints FC=0.
. . Net cash from disposing of fixed assets, intangible ' 4 . . . _— . . .
OP Operating assetsles ratio assets, and other long-term assets/Total assets IE Innovation efficiency of invention Application offents for invention /R&D spending
Inv financial assets sale ratio Net cash from dlsposellggec;;lnvestment assets /Total IE" Innovation efficiency of utility model Applicatioof patents of utility model /R&D spending
Cf Cash flow ratio Net cash flow from operating adtes /Total assets IE" Innovation efficiency of design Application of pate of designs/R&D spending
Absolute difference between the actual R&D investme
- R&D smoothing degree by current of the firm and its theoretical value obtained guBtion
Growth Investment opportunities Average sales growth siflaree years o operating assets sales (1), scaled by the standard deviation of thoséén t
industry.
Absolute difference between the actual R&D investime
Stk Net sock issue ratio (Seasoned equity offerings + Rationed shares 9’ R&D smoothing degree by financial  of the firm and its theoretical value obtained guBtion
[Total assets assets sales (2), scaled by the standard deviation of thosdén t
industry.
. . . Sum of operating assets sale ratio and financstasale
Debt Net debt issue ratio (Current debt - Lagged debtTotal assets ASale Asset sales ratio ratio
Size Firm size Natural logarithm of total assets Lev Level of debt Total debt/Total assets
. Cash paid to purchase fixed assets, intangiblésasse N . .
1 Investment spending and other long-term investments Sales Operating income Sales from operating activitiewTassets
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Table A.2. Financial constraints (KZ) vs. innovation efficiency on R& D protection with proceeds from operating assets sales

Invention (E = IE) Utility model (E = IE") Design(E = IE")
Variable Eq. (D Eq.(5) Eq.(6) Eq.(7) Eq.(1) Eq.(5) Eq.(6) Eq.(7) N(=2) Eq.(5) Eq.(6) Eq.(7)
Rd. 0.046" 0.002" 0.597" 0.599" 0.013" 0.029" 0.008" 0.595" 0.566 0.547" 0.573" 0.068"
it-1 (95.33) (94.20)  (108.32)  (99.25)  (110.41)  (97.32)  (108.05)  (89.39) (82.46) (79.05) (88.72) (75.30)
Rd? -0.061"  -0.055°  -0.064"  -0.059°  -0.066°  -0.050°  -0.051"  -0.048"  -0.052"  -0.044"  -0.039°  -0.042"
-1 (-17.33)  (-18.19)  (-18.11)  (-19.54)  (-23.33)  (-18.26)  (-21.44)  (-18.15)  (-10.33)  (-13.59)  (-12.35)  (-14.33)
OP. 0.040™ 0.04€ 0.c39” 0.(57 0.29” 0.042 0.127 -0.C117 0.07” 0.011 0.05€ -0.045
Lt (7.25) (1.73) (2.44) (1.33) (6.40) (1.32) (0.55) (-2.€2) (5.08) (1.95) (2.33) (-1.96)
OP.. x KZ. -0.077 -0.133 -0.034" -0.107 0.086" 0.003”
it it-1 (-2.94) (-0.28) (-4.05) (-2.04) (5.79) (2.91)
0.305” 0.42€" 0.078”
OP;¢ X IE; 14 (4.97) (10.36) (3.84) )
OP;y XKZjy_q X IE;¢_4 ((2)',4311‘; 0('91.82‘0) ?ffé)
K7, -0.045 -0.085 -0.032 -0.065°  -0.009” -0.010  -0.018" -0.026 -0.012 0.092 -0.025 0.059
it-1 (-2.01)  (-0.17) (-1.59) (-2.35)  (-4.30) (-1.33) (-3.79) (-2.36) (-1.75) (0.56) (-2.01) (1.47)
IE. 0.2377 0.227" 0.165™ 0.17¢C” 0.3577  0.30€7  0.5(87 03927 0.092" 0.1177 0.127" 025"
Le-1 (13.31 (12.80) (10.24 (9.05) (9.48) (8.33, (11.12) (8.30) (5.29) (9.53) (12.54) (9.79)
Growth: 0.035” 0.104” 0.077" 0.073 0.044" 0.081" 0.028" 0.056" 0.040" 0.100" 0.075" 0.036"
Lt (6.35) (7.35) (8.94) (15.86) (14.67)  (22.18)  (15.32) (8.04) (6.35) (7.02) (8.94) (13.28)
cf. 0.237" 0.173" 0.062" 0.061" 0.049" 0.138" 0.085" 0.028" 0.049" 0.029" 0.032” 0.038"
Lt (13.31) (9.04) (4.67) (8.24) (5.55) (7.43) (9.11) (14.78) (5.55) (6.77) (7.93) (7.23)
Debt: 00277 00227  -003%°  -00267 00207  -0031"  -00287  -001¢”  -001€"  -002€7 00227  -0031"
Lt (-19.20)  (-25.75 (-14.27  (-26.03°  (-21.06  (-20.75.  (-13.05  (-1850)  (-21.06,  (-22.78 (-22.22  (-18.06
Stk 0.083" 0.077" 0.079" 0.065" 0.022 0.302 0.096 0.061" 0.076 0.036° 0.063 0.051
Lt (25.53) (26.86) (28.43) (21.73) (1.93) (0.37) (0.33) (5.85) (1.79) (2.47) (1.99) (0.47)
Size: -0.07¢7  -0.07¢ -0.07€ -0.05: -0.07¢7  -0.09C"  -0.045"  -0049"  -0.108  -0.087"  -0.07€ 0.88C"
Lt (-3.25 (-2.13 (-1.15 (-0.36 (-9.21 (-8.43 (-5.11) (-6.59 (-10.44 (-7.50 (-8.47 (21.92
Cons 0.039" 0.036° -0.018 -0.023 0.021" -0.025  -0.020"  -0.031" 0.095" -0.109"  0.056" -0.062
(8.10) (2.64) (-1.21) (-1.07) (6.62) (-1.63)  (-5.08) (-8.61) (4.11) (-6.59) (8.11) (-1.18)
Firm contro contro contro contro contro contro contro contro contro contro contro contro
Year contro contro contro contro contro contro contro contro contro contro contro contro
Sample size 214; 193¢ 2142 193¢ 2142 193¢ 2142 193¢ 2142 193¢ 214; 193¢
Arellanc-Bond tes (m1) 0.00( 0.00( 0.00( 0.00( 0.00( 0.00( 0.00( 0.00( 0.00( 0.00( 0.00( 0.00¢
Arellanc-Bond tes (m2) 0.30¢ 0.29€ 0.288 0.305 0.287 0.301 0.208 0.29¢ 0.33: 0.351 029t 0.344
Sargal tes 0.06 0.70¢ 0.79€ 0.74€ 0.90: 0.04¢ 0.89¢ 0.612 0.541 0477 0.001 0581

Notes: This table reports the two-step GMM estioratiesults using unbalanced panel data. The depewndgable is R&D investmenR{d), while KZstands for financial
constraints. Values in parentheses are the staredand corrected by Windmeijer (2005). ***, **, drf denote significance at 1%, 5%, and 10% levetpectively.
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Table A.3. Financial constraints (KZ) vs. innovation efficiency on R& D protection with the proceeds from financial asset sales

Invention (E = IE)

Utility model (E = IE")

Design(E = IE")

Variables Eq. (D Eq.(5) Eq.(6) Eq.(7) Eq.(2) Eq.(5) Eq.(6) Eq.(7) (=201 Eq.(5) Eq.(6) Eq.(7)
Rd. 0.055" 0.588" 0.549" 0.582" 0.559" 0.572” 0.570" 0.040” 0.023" 0.578" 0.021" 0.019”
it-1 (98.07) (86.97) (74.39) (69.82) (83.45)  (93.58)  (82.30)  (105.10)  (87.90) (74.38)  (110.34)  (73.66)
Rd? -0.039"  -0.036°  -0.018"  -0.023"  -0.02I"  -0.025  -0.049°  -0.056  -0.055 -0.057°  -0.058"  -0.061"
Lt-1 (-15.10)  (-12.64) (-12.21)  (-16.07)  (-11.62) (-17.63) (-14.06)  (-14.51)  (-18.02)  (-14.00) (-21.57)  (-18.31)
Inv: 0.036” 0.122 0.051 -0.11C° 0.018™ -0.025° 0.034 -0.027 0.206 0.01¢” 0.02C -0.c41°
Lt (3.73, (1.48 (1.68) (-1.36. (4.53 (-1.71 (1.07 (-1.16) (0.49 (2.94 (2.27) (-1.59
v X KZ, -0.082"" -0.052” -0.112 -0.048 0.25¢ 0.05¢
Lt -1 (-3.02) (-4.10) (-2.23) (-2.71, (1.37 (1.80
0.208" 0.059" 0.263"
[nvie X 1Ei - (4.93) (4.16) (2.02)
0022 0.1617 0.120
Ivie X KZip-1 X 1Bi—1 ) ) ) (4.07 ) (2.32) ) (039
K7 -0.032 -0.16 -0.053 -0.c36™ -0.022 0.00: -0.09¢ 051 -0.045 -0.C3¢ -0.041 0.c7¢
Lt-1 (-2.39) (-155) (-1.99 (-5.47 (-1.93 (0.37 (-0.33 (0.85) (279 (-10.19 (-5.54 (1.26)
IE: 0.3(1 0.15¢ 0.17% 0.067" 0.361" 0.04¢™ 0.208 0.385" 0.028 0.057 0.146" 0.17¢
it-1 (26.15) (10.19) (9.04. (4.67 (8.24 (5.55 (7.43 (11.11 (14.78 (11.48 (6.06 (9.04.
Growth: 0.c78 0.(59 0.(57" 0.03™ 0.07%4™ 0.052"" 0.0e1™ 0.(55 0.049 0.02¢ 0.037” 0.077”
it (10.02) (8.90) (7.51 (12.10) (13.20 (9.00 (13.58 (8.56 (1201) (11.00 (10.29 (18.25
cf 0.1%6 0.116 0.164 0.12¢ 0.220 0.121" 0.111 0.233" 0.228 0.012 0.0€2 0.052
L (21.84 (11.00 (20.29 (12.22) (12.24 (1343 (1451 (13.29 (15.42) (11.18 (9.31, (3.60°
Debt. -0.23¢€” -0.1507 -0.22¢7 -0.132 0207 0117 <0237 019" 0137 0047  -0100° 0059
Lt (2497 (-20.55 (-3123)  (-1872)  (-16.10]  (-27.55)  (-21.06]  (-3049)  (-15.00 (-16.06,  (-11.24 (12.72
Stk 0.12¢ 0.03: 0.11¢ 0.98 0.c81 0.07¢ 0.065" 0.08: 0.13¢ 0.204 0.10¢ 0.169
Lt (5.43 (3.42 (2.41 (2.75) (1.04 (2.07, (5.82 (1.34 (0.57) (0.46) (1.24 (2.72
Size. -0.12¢ -0.051" 0.12¢ -0.75 -0.00€" -0.09€ -0.047" 0.010° 0.104" -0.231 -0.152" 0.23¢
Lt (-1.59 (-2.50 (1.52 (-0.28, (-4.07) (-1.41 (-2.55 (1.06 (2.49, (-0.30) (-2.13) (1.16
Cons -0.066 0.113 -0.075 -0.004 0.164" 0.057 -0.050"  0.019” -0.141 0.023" 0157"  0.224"
(-2.63) (1.05) (-0.33)  (-0.35) (11.92) (.97 (-8.43) (5.43) (-1.59) (3.27) (-7.18) (4.79)
Firm contro contro contro contro contro contro contro contro contro contro contro contro
Year contro contro contro contro contro contro contro contro contro contro contro contro
Sample siz 2142 193¢ 2142 193¢ 214; 193¢ 2142 193¢ 2142 193¢ 2142 193¢
Arellanc-Bond tes (m1) 0.00¢ 0.00( 0.00( 0.00( 0.00( 0.00( 0.00( 0.00( 0.00( 0.00( 0.00( 0.00(
Arellanc-Bond tes (m2) 0.384 0.297 0.42C 0.28€ 0.34€ 0.40t 0.291 0.29¢ 0.39¢ 0.30¢ 0.33¢ 0.38t
Sargaites 0.681 0.5%4 0.868 0611 0.07¢ 0.€10 0.€85 0.S0€ 0617 0.692 0.528 0.604

Notes: This table reports the two-step GMM estioratiesults using unbalanced panel data. The dependgable is R&D investmenR{d), while KZstands for financial
constraints. Values in parentheses are the stamdens corrected by Windmeijer (2005). ***, ** drf denote significance at 1%, 5%, and 10% levetpectively.
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Highlights

*  We examine the determinants of R& D smoothing with financing asset sales

* R&D intensive firms are found to protect their R& D investments by selling assets
* Financial constraints prohibit firms from adopting the R& D smoothing strategy

* Firmswith high innovation efficiency are more inclined to adopt the strategy

* Innovation efficiency is regarded as the major incentive for adopting the strategy
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