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This study examines how stock overvaluation changes the relation between CEO business educational
background and R&D investment. CEO business education may improve capital allocation and financing
decisions, but it may also increase caution toward uncertain long-horizon projects such as R&D. Using a
sample of Korean listed firms from 2011 to 2023, we find that business-educated CEOs are associated
with lower R&D investment when firms are not overvalued, whereas they are associated with higher
R&D investment when firms are overvalued. This result supports a reversal hypothesis rather than an
amplification or mitigation hypothesis. The finding is robust to dynamic panel estimation, instrumental
variable estimation, propensity score matching, alternative R&D measures, alternative overvaluation
definitions, positive-R&D sample restrictions, and industry-by-year fixed effects. Mechanism tests show
that the positive association between CEO business education and R&D investment among overvalued
firms is concentrated among firms with short-horizon investors, regardless of financial constraint status.
These findings are difficult to reconcile with a pure equity-financing explanation and are more consistent
with a catering-based interpretation. Further tests show that the reversal pattern does not differ
significantly by CEO ownership status or Chaebol affiliation. Overall, this study shows that CEO
business education does not have a fixed implication for R&D investment. Its effect depends on valuation
conditions, and the evidence suggests that the R&D response of business-educated CEOs under
overvaluation is more consistent with catering incentives than with financing opportunities alone.

Keyword: CEO business educational background, stock overvaluation, R&D investment, equity financing
mechanism, catering mechanism.

|. Introduction Yet such investment is difficult to justify at
the time the decision is made. R&D requires

current resource commitments, while its ex-

Research and development (R&D) invest- pected benefits are uncertain and distant.

ment is a key source of corporate innovation. Unlike many other investments, R&D proj-
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ects often provide limited observable signals
about their economic value before resources
are committed (Chan et al., 2001: Hottenrott
et al., 2016). This creates a difficult mana-
gerial problem. Firms must invest before
they can know whether the underlying tech-
nology will succeed or whether the project
will generate future cash flows. For this rea-
son, R&D investment relies heavily on man-
agerial judgment when project value is diffi-
cult to verify ex ante (Alzahrani and Rao,
2014: Custodio and Metzger, 2014: Czarnitzki
and Toole, 2011).

This reliance on managerial judgment makes
CEO characteristics particularly relevant.
Upper echelons theory suggests that corpo-
rate decisions reflect how top managers in-
terpret the conditions they face (Hambrick,
2007; Hambrick and Mason, 1984). This
perspective is especially relevant for R&D
investment, where decision makers must
evaluate uncertain projects without clear
evidence of future value. Among CEO char-
acteristics, educational background is par-
ticularly important because it shapes how
managers process information and assess in-
vestment opportunities. A business educa-
tional background is especially relevant in
this setting because it can expose managers
to concepts related to financing, capital allo-
cation, and valuation (Gupta, 2022). Such
training may affect how CEOs approach

R&D investment when the economic value of

1968

R&D projects is difficult to verify (Kim,
2025; Miller and Xu, 2019).

A business educational background does
not imply a single direction for R&D
investment. It may help CEOs evaluate in-
vestment opportunities and secure financial
resources for projects whose value is difficult
to verify (Dong et al., 2025: Graham et al.,
2013; Gupta, 2022: Gupta et al., 2021).
R&D often requires sustained funding before
returns become visible. CEOs with business
training may therefore be better positioned
to assess financing conditions and allocate
resources to uncertain projects. At the same
time, business education may increase cau-
tion toward R&D. It may also make CEOs
more attentive to measurable outcomes and
short-term performance pressure (Kim, 2025;
Loukil and Yousfi, 2022: Miller and Xu,
2019). These concerns matter for R&D be-
cause current expenditures are visible, while
future benefits remain uncertain. The rela-
tion between CEO business educational
background and R&D investment is there-
fore theoretically ambiguous.

Stock overvaluation provides a setting in
which this ambiguity becomes especially
important. Overvaluation changes both the
financing conditions and the market in-
centives surrounding R&D investment. When
a firm is overvalued, external equity be-
comes less costly, which can ease financing

constraints and make it easier to fund un-
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certain projects (Baker et al., 2003: McLean
and Zhao, 2014; Stein, 1996). At the same
time, overvaluation may increase managerial
incentives to justify optimistic market ex-
pectations and sustain high stock prices
(Jensen, 2005; Polk and Sapienza, 2009).
R&D investment is particularly relevant un-
der these conditions because investors may
view it as a visible commitment to future
growth. Thus, stock overvaluation may
change how business-educated CEOs apply
their training in financing and capital allo-
cation to R&D decisions.

Prior research has paid limited attention to
whether the effect of CEO business educa-
tional background on R&D investment de-
pends on stock market valuation conditions.
Studies on CEO characteristics show that
managerial traits affect corporate policies
(e.g., Barker and Mueller, 2002: Darmadi,
2013 Graham et al., 2013: Kallias et al.,
2023), but they often estimate average trait
effects. Studies on stock overvaluation show
that misvaluation affects real investment
through financing conditions or managerial
incentives (Baker et al., 2003: Dang and Xu,
2018; Dong et al., 2021: Duong, 2024: Li,
2026 Shen et al., 2021), but they often treat
the managerial response as homogeneous.
This leaves an important gap. Stock over-
valuation may not translate into R&D in-
vestment mechanically. Its effect may de-

pend on who interprets valuation signals and
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how those signals are converted into invest-
ment decisions. This study examines wheth-
er stock overvaluation changes the relation
between CEO business educational back-
ground and R&D investment.

To address this question, we use a sample
of Korean listed firms from 2011 to 2023. The
baseline results reveal a reversal pattern.
Business-educated CEOs are associated with
lower R&D investment when firms are not
overvalued, whereas they are associated
with higher R&D investment than other
CEOs among overvalued firms. The reversal
pattern remains robust in analyses that ac-
count for R&D persistence, mitigate poten-
tial reverse causality concerns, address en-
dogenous CEO appointment, and reduce ob-
servable selection bias. It also holds under
alternative measures of R&D investment, al-
ternative definitions of overvaluation, re-
strictions to firms with positive R&D ex-
penditure, and industry-by-year fixed effects.

We next examine why this reversal occurs.
Stock overvaluation can affect R&D invest-
ment by easing equity financing or by
strengthening incentives to respond to opti-
mistic market expectations. To distinguish
these channels, we examine whether the re-
versal pattern is concentrated among finan-
cially constrained firms or among firms with
short-horizon investors. The positive effect
of business education among overvalued

firms appears only in firms with short-hori-
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zon investors, regardless of financial con-
straint status. The results are more con-
sistent with an interpretation in which in-
vestor horizon shapes the R&D response of
business-educated CEOs under overvaluation,
rather than one in which favorable equity fi-
nancing opportunities are the primary driver.
Taken together, these findings are difficult
to reconcile with a pure equity-financing ex-
planation and are more consistent with a ca-
tering-based interpretation.

This study makes two main contributions.
It shifts the analysis of CEO educational
background from an average-effect per-
spective to a conditional-effect perspective.
CEO business education does not have a uni-
form implication for R&D investment across
valuation environments. Its effect depends
on whether firms are overvalued. This find-
ing helps explain why the same managerial
background can lead to different investment
choices under different market conditions.
The study also adds a managerial-hetero-
geneity perspective to the misvaluation-in-
vestment literature by showing that valu-
ation signals are filtered through CEO
characteristics. Stock overvaluation does not
translate into R&D investment in a uniform
way. Its effect on R&D investment depends
partly on the characteristics of the CEO who
interprets valuation signals and converts
them into investment decisions.

The remainder of this paper is organized as

1970

follows. Section 2 reviews the related liter-
ature and develops the testable hypotheses.
Section 3 describes the data, variables, and
research design. Section 4 presents the em-
pirical results. Section 5 concludes with im-
plications, limitations, and directions for fu-

ture research.

Il. Literature Review and Testable
Hypotheses

2.1 CEO Business Educational Background
and R&D Investment

Upper echelons theory views corporate out—
comes as reflecting the individuals who make
decisions. Firm policies depend on how CEOs
interpret the environment they face (Hambrick,
2007; Hambrick and Mason, 1984). CEOs do
not simply react to external information.
They interpret signals from their own per-
spectives and act accordingly. This explains
why firms facing similar conditions may
adopt different policies (Adner and Helfat,
2003: Bertrand and Schoar, 2003; Driouchi
et al., 2022). This perspective is particularly
relevant for corporate R&D investment.
R&D is among the most uncertain forms of
corporate investment. It requires substantial
upfront commitments and produces outcomes

that are difficult to verify ex ante (Czarnitzki
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and Toole, 2011: Hottenrott et al., 2016).
These features make R&D decisions highly
dependent on managerial judgment (Custodio
and Metzger, 2014: Malmendier and Tate,
2005). As a result, CEO characteristics can
lead to systematic differences in R&D in-
vestment behavior. Firms differ not only in
how much they invest, but also in how they
finance those investments (Benmelech and
Frydman, 2015: Custédio et al., 2019:
Graham et al., 2013). The CEO does not
merely implement a predetermined policy.
The CEO shapes how the firm responds to
external conditions.

Among observable CEO traits, educational
background is particularly relevant because
it reflects how managers are trained to proc-
ess information, evaluate risk, and make re-
source-allocation decisions (Barker and Mueller,
2002: Darmadi, 2013: Gottesman and Morey,
2006: Gounopoulos et al., 2021; Kallias et
al., 2023). A business-related educational
background may support R&D investment
for several reasons. First, business educa-
tion can strengthen managers ability to
evaluate investment opportunities and allo-
cate capital across competing uses. Such ca-
pabilities are particularly relevant for R&D
because the expected returns from R&D
projects are difficult to assess ex ante and of-
ten materialize only over long horizons. CEOs
with stronger training in valuation and capi-

tal allocation may therefore be better equip-
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ped to distinguish promising R&D projects
from less attractive ones and to commit re-
sources despite uncertainty (Dong et al.,
2025; Graham et al., 2013).

Second, business education may facilitate
the financing of R&D investment. R&D proj-
ects typically require sustained resource
commitments before their economic benefits
become observable, making access to and
management of financial resources partic-
ularly important. Prior studies suggest that
CEO educational background is related to
firms financing capacity and investment de-
cisions (Gounopoulos et al., 2021: Gupta,
2022; Gupta et al., 2021). If business- edu-
cated CEOs are better able to secure ex-
ternal capital and manage internal financial
resources, they may be more willing and able
to undertake R&D projects that would oth-
erwise be difficult to finance. Korean evi-
dence also suggests that CEO educational
characteristics are associated with firms’
R&D investment behavior (Ha and Lee,
2014). Taken together, these arguments
provide a theoretical basis for a positive re-
lation between CEO business educational
background and R&D investment: business
education may equip CEOs with the evalua-
tion, resource-allocation, and financing ca-
pabilities needed to undertake uncertain,
long-horizon R&D projects.

However, a business-related educational

background may discourage R&D investment.
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Greater emphasis on measurable perform-
ance and short-term outcomes can reduce will-
ingness to commit resources to projects with
uncertain and delayed returns (Christensen et
al., 2007: Miller and Xu, 2019). Because
R&D outcomes are difficult to evaluate and
may generate short-term earnings pressure,
business-trained CEOs may prefer invest-
ments with clearer and more immediate fi-
nancial payoffs (Kim, 2025).
with this view, Loukil and Yousfi (2022)
find that CEOs with business degrees are

Consistent

less likely to engage in innovative activities.

Taken together, prior studies point to an
ambiguous relation between business-related
educational backgrounds and R&D investment.
CEO business education may improve capital
allocation and access to financing, yet it may
also increase reluctance to invest in un-

certain long-horizon projects.

2.2 Stock Overvaluation and R&D Investment

Prior research shows that stock over-
valuation can influence real corporate deci-
sions, particularly when firms rely on ex—
ternal financing or when managers have in-
centives to respond to firm valuations (Morck
et al., 1990). One prominent explanation is

the equity-financing channel. Overvaluation

lowers the effective cost of external capital
and allows firms to issue equity on favorable
terms. This can enable firms to invest be-
yond what their internal resources would
otherwise permit. Stein (1996) argues that
stock prices can affect investment when fi-
nancing frictions are present. Related stud-
ies show that investment becomes more sen-
sitive to stock prices among equity-depend-
ent firms and during periods of favorable fi-
nancing conditions (Baker et al., 2003:
McLean and Zhao, 2014; Warusawitharana
and Whited, 2016).

A second explanation emphasizes catering
incentives. Elevated valuations may give
managers stronger incentives to justify opti-
mistic market expectations and sustain high
stock prices. Managers may therefore adjust
corporate policies in ways that investors
view favorably, even when such actions are
not fully supported by fundamentals. Jensen
(2005) argues that managers may overinvest
during high-valuation periods. Polk and
Sapienza (2009) show that stock over-
valuation can induce overinvestment when
managers respond to stock prices. Other
studies document that firms are more likely
to undertake valuation-sensitive actions
during periods of overvaluation (Baker and
Wurgler, 2004: Gao, 2010: Jin, 2022)."

1) These two mechanisms are not mutually exclusive. Stock overvaluation may simultaneously relax financing
constraints and strengthen incentives to pursue actions viewed favorably by the market. Prior studies suggest that

1972
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These mechanisms are also relevant to
R&D investment. Easier access to external
capital may support R&D projects that
would otherwise be delayed or underfunded
(Dang and Xu, 2018: Li, 2026). At the same
time, R&D can serve as a visible signal of fu-
ture growth (Platikanova, 2026). Managers
may increase R&D spending when such in-
vestment is likely to be viewed as consistent
with optimistic market expectations (Dong et
al., 2021; Duong, 2024: Shen et al., 2021).
Taken together, prior studies suggest that
stock overvaluation affects both the oppor-
tunity to invest and the incentive to do so.
The net effect on R&D investment depends
on how managers interpret valuation con-
ditions and translate them into investment

decisions.

2.3 Testable Hypotheses

The preceding discussion suggests that
both CEO business educational background
and stock overvaluation shape R&D invest-
ment decisions. CEO business educational
background influences how managers eval-
uate investment opportunities, manage fi-
nancing, and respond to capital market
conditions. Stock overvaluation, in turn,

changes both the resources available for in-

vestment and the incentives that guide man-
agerial behavior. These forces jointly de-
termine how firms adjust R&D investment.

The first possibility is that CEO business
education is positively associated with R&D
investment. As discussed above, business-
educated CEOs may be better equipped to
evaluate uncertain investment opportunities,
allocate financial resources, and obtain fi-
nancing for long-horizon projects. These ca-
pabilities can make R&D investment more
feasible and attractive despite its uncertain
and delayed payoffs. Under this view, busi-
ness—educated CEOs are more willing and
able to commit resources to R&D even in the
absence of stock overvaluation.

Stock overvaluation may reinforce busi-
ness—educated CEOs™ tendency to invest in
R&D. One channel operates through financ-
ing conditions. When firms are overvalued,
access to external equity becomes less costly
and financing opportunities expand (Baker
et al., 2003: McLean and Zhao, 2014).
Business-educated CEOs, who are trained in
valuation and capital allocation, may be
more likely to recognize these opportunities
and channel additional resources into R&D
investment. A second channel reflects mar-
ket responsiveness. Greater attention to

capital markets may lead business-educated

financing motives and catering incentives can jointly shape investment responses to stock prices, especially when firms
face financing frictions and short-horizon shareholder pressure (Alzahrani and Rao, 2014: Baxamusa, 2011: Kusnadi

and Wei, 2017: Mrad et al., 2024).

HYSHHTL A55A M5E 20264 102

1973



Jeongdae Yim

CEOs to align investment decisions with
market expectations (Sun et al., 2021). This
channel can further strengthen their ten-
dency to increase R&D investment. Taken
together, these arguments suggest that stock
overvaluation amplifies the positive relation
between CEO business educational back-

ground and R&D investment.

Stock

overvaluation strengthens the positive rela-

Hypothesis 1 (Amplification).

tion between CEO business educational

background and R&D investment.

Stock overvaluation may also weaken the
conservative tendency toward R&D invest-
ment associated with CEO business educa-
tional background. Under normal conditions,
business-educated CEOs may be reluctant to
invest in R&D because such investment re-
quires large upfront commitments and is dif-
ficult to evaluate ex ante (Czarnitzki and
Toole, 2011 Hottenrott et al., 2016). These
concerns are likely to be more salient for
CEOs who emphasize financial discipline and
short-term accountability (Kim, 2025: Miller
and Xu, 2019). Overvaluation can partially
reduce this reluctance through two channels.
First, by lowering the effective cost of ex-
ternal equity, overvaluation weakens one fi-

nancial reason for avoiding R&D (Baker et

al., 2003: McLean and Zhao, 2014;
Warusawitharana and Whited, 2016).
1974

Second, because R&D can serve as a visible
signal of future growth, an excessively con-
servative R&D policy may become less con-
sistent with valuation-related market ex-
pectations when firms are overvalued (Dong
et al., 2021; Duong, 2024; Shen et al., 2021).
Thus, even if business-educated CEOs re-
main less inclined to invest in R&D, the
negative association between CEO business
educational background and R&D invest-

ment should be weaker under overvaluation.

Hypothesis 2a (Mitigation). Stock over-
valuation weakens the negative relationship
between CEO business educational back-

ground and R&D investment.

This mitigation effect can take a stronger
form. Here, the relevant question is not
whether overvaluation strengthens an al-
ready positive relation, but whether it is
strong enough to overturn an initially neg-
ative relation. Under this scenario, over-
valuation does not merely reduce busi-
ness-educated CEOs’ reluctance toward R&D.
It changes the direction of their R&D
response. Favorable financing conditions
make R&D less costly to undertake, while
valuation-related incentives increase the
payoff to visible investment in future growth.
Prior studies suggest that overvalued firms
face incentives to justify optimistic market

expectations and sustain high valuations
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(Figure 1) Theoretical framework and competing hypotheses

through corporate policies that investors
view favorably (Gao, 2010: Jensen, 2005:
Jin, 2022; Polk and Sapienza, 2009). When
these forces dominate the baseline con-
servative tendency, business-educated CEOs
may move from reduced reluctance to active
R&D investment. Accordingly, stock over-
valuation may reverse the negative relation
between CEO business educational back-
ground and R&D investment.
Hypothesis 2b (Reversal). Stock over-
valuation reverses the negative relationship
between CEO business educational back-
ground and R&D investment, such that
business—educated CEOs exhibit higher R&D
investment than non-business CEOs among

overvalued firms.

AYSIOIT H552 M52 2026 10

Figure 1 summarizes the theoretical frame-
work and the three competing hypotheses
developed above. The upper panel illustrates
how stock overvaluation may modify the re-
lation between CEO business educational
background and R&D investment through
the potential equity-financing and catering
channels, while the lower panel summarizes
the amplification, mitigation, and reversal

hypotheses.

Data and Research Design

3.1 Sample and Data

This study uses a sample of Korean listed
firms from 2011 to 2023. The sample period
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begins in 2011, when Korean listed firms
adopted Korean International Financial
Reporting Standards, which enhances the
comparability of financial statements across
firms. The sample ends in 2023 based on the
availability of financial and firm-level data.
Financial firms (two-digit Korean Standard
Industrial Classification (KSIC) codes 64 - 66)
are excluded because their accounting struc-
tures and regulatory environments differ sub-
stantially from those of non-financial firms.
Information on firms R&D investment,
stock prices, and financial statement variables
is obtained from DataGuide 6. Information on
CEO educational background is hand-col-
lected from firms annual reports filed with
the Financial Supervisory Service and sup-
plemented with data from the TS-2000 data-
base provided by the Korea Listed Companies
Association. When information on CEO edu-
cational background is not available from
these sources, we further supplement it
through searches on major online portals, in-
cluding Naver, Daum, and Google. Observations
with missing values for variables are
removed. The final sample consists of 2,397

unique firms and 21,618 firm-year observations.

3.2 Variables

3.2.1 R&D Investment

R&D investment is proxied by R&D in-

1976

tensity (RDI), which is defined as total R&D
expenditure scaled by total sales. Total R&D
expenditure includes both R&D expenses
recognized in the income statement and
R&D expenditures capitalized as intangible

assets.

3.2.2 CEO Business Educational Background

We construct our measure of CEO business
educational background in two steps. First,
we identify the CEO for each firm-year. In
this study, the CEO is defined as the in-
dividual designated as the representative di-
rector in the annual report (e.g., Ryu and
Kim, 2020: Yim, 2019). When multiple rep-
resentative directors are reported (i.e., co-
CEO structures), the CEO is identified as
the individual whose signature appears first
in the report (Yim and Kang, 2024). In the
Korean institutional setting, the first sig-
nature on the annual report is generally un-
derstood to indicate ultimate responsibility
for the disclosed information. Using this pro-
cedure, we identify 4,975 unique CEOs over
the sample period.

Second, we manually collect detailed in-
formation on the educational backgrounds of
the identified CEOs, including the level and
field of each reported degree. Degree levels
are classified as bachelor's, master's, and
doctoral degrees. We classify CEOs as having

a business educational background if at least
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one bachelor's, master’'s, or doctoral degree in
a business-related field is identified in the
CEO’s available educational records (e.g.,
Mun and Kim, 2021). Business-related fields
include business administration, manage-
ment, finance, accounting, and closely related
disciplines. MBA degrees are classified as
master’s-level business education; this classi-
fication indicates that an MBA represents
formal business education undertaken at the
master’s level and does not assume that an MBA
is equivalent to an academic masters degree.
Accordingly, BUSINESS is defined as an in-
dicator variable equal to one if the CEO holds
at least one degree in a business-related
field, and zero otherwise. This classification
captures whether the CEO has received for-
mal business education at any stage of higher
education, rather than assigning the CEO to
an educational category based solely on the

field of the highest reported degree.

3.2.3 Stock Overvaluation

We measure stock overvaluation using the
firm-specific misvaluation component based
on the decomposition method of Rhodes-Kropf
et al. (2005). This approach decomposes the
market-to-book ratio into firm-specific, in-

dustry-specific, and long-term components.

We focus on the firm-specific component
(e.g., Alzahrani and Rao, 2014: Jin, 2022:
Mrad et al., 2024), which captures devia-
tions between market value and account-
ing-based fundamentals that are unique to
each firm.

To implement this approach, we estimate
cross—sectional regressions of market value
on accounting fundamentals within each in-
dustry-year: 2
My =000+ Oy by + 0 In(NLT) +
8, I(NL, < 0) « In(NL}) 406, LEV,, +e,

(1)

where i, j, and ¢ denote firm, industry, and
year, respectively. m,, is the logarithm of
the market value of equity, b;, is the loga-
rithm of the book value of equity, Nllj de-

notes the absolute value of net income,
I(NI, <0) is an indicator for negative earn-
ings, and LEV;, denotes leverage. Using the
estimated coefficients, we obtain the pre-
dicted log market value implied by firm
fundamentals. Firm-specific misvaluation is
calculated as the difference between the ob-
served log market value and the predicted
log market value.

To construct a measure of overvaluation,

we classify firm-year observations into ter-

2) In the U.S. setting, prior studies typically estimate Eq. (1) using the Fama-French 12 industry classification.
However, in the Korean context, we employ the two-digit KSIC codes to define industries. Following Kim (2021), we
restrict the estimation to industry-year groups with at least 10 observations to ensure reliable coefficient estimates.
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ciles based on the annual distribution of
firm-specific misvaluation (e.g., Bonaimé et
al., 2014; Mrad et al., 2024). Firms in the
highest tercile are defined as overvalued.
Based on this classification, we construct an
indicator variable, OVER, equal to one if a
firm-year observation falls into the highest

tercile and zero otherwise.

3.2.4 Control Variables

This study includes CEO age (CEOAGE)
and CEO ownership (CEOOWN) to control
for other observable CEO characteristics
that may be associated with both CEO edu-
cational background and R&D investment
decisions (e.g., Mun and Kim, 2021). We
then control for a set of firm characteristics
that may affect R&D investment. Firm size
(FIRMSIZE) accounts for the greater re-
source availability of larger firms, while firm
age (FIRMAGE) captures organizational ma-
turity that may influence innovation behavior.
We include return on assets (ROA) to reflect
internal funding capacity that can support
R&D investment. Leverage (LEV) reflects

financial risk and may constrain discre-

tionary investment. Asset tangibility (TANG)
captures differences in asset structure that
may affect financing conditions for R&D
activities. Cash holdings (CASH) are in-
cluded to capture internal liquidity and fi-
nancial flexibility that may support R&D
investment. Capital expenditure (CAPEX) is
included to control for firms general invest-
ment activity, allowing us to distinguish
R&D investment from broader capital invest-
ment decisions. Sales growth (GROWTH)
captures firms growth opportunities and ex-
pansion prospects.S> Finally, we control for
ownership structure by including foreign
ownership (FOR) and large shareholdings
(LARGE), as these factors may influence
monitoring intensity and managerial deci-
sion-making. Variable definitions are pro-
vided in Table Al in the Appendix.

3.3 Research Design

We estimate the following baseline re-

gression model:

RDIL,,, = a + 3,BUSINESS, , + 3,0 VER, ,

3) As an alternative proxy for growth opportunities, Tobin's Q is commonly used in the literature. However, we use
sales growth instead for two reasons. First, Tobin's Q is closely related to firm valuation (Alzahrani and Rao, 2014:
Baker et al., 2003), and may introduce mechanical overlap with our measure of stock overvaluation. Second, because
the Rhodes-Kropf et al. (2005) decomposition is based on the market-to-book ratio, Tobin's Q is structurally linked
to our measure of misvaluation, which may lead to a high correlation between the two variables. Consistent with this

concern, we find that Tobin's Q is strongly correlated with firm-specific misvaluation in our sample (correlation =

0.65). Using sales growth allows us to capture firms expansion opportunities without conflating growth prospects

with stock misvaluation.
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+ B,( BUSINESS, , < OVER, ) + 7X,,
N e, (2)

RDI denotes R&D investment, BUSINESS
is an indicator variable for CEO business
educational background, and OVER denotes
stock overvaluation. X represents a vector of
control variables. We include firm and year
fixed effects (u; and A,) to control for time-
invariant firm characteristics and time trends.
&,4+1 1S the error term. Standard errors are
clustered at the firm level.

The coefficient of interest is G, which
captures how stock overvaluation modifies the
relation between CEO business educational
background and R&D investment. Specifically,
B reflects the difference in the effect of
BUSINESS between overvalued firms (OVER
= 1) and non-overvalued firms (OVER =
0). The conditional effect of BUSINESS on
RDI is given by 6 when OVER = 0, and by
G+ B when OVER = 1. Thus, 8 represents
how the effect of CEO business educational
background changes when firms are overvalued.

The interpretation of B depends on both
the sign of G and the conditional effect of

CEO business educational background among
overvalued firms, 8, + G5. Under Hypothesis
1 (Amplification), stock overvaluation strength-
ens the positive relation between CEO busi-
background and R&D

investment. This pattern requires both 5

ness educational
and B3 to be positive. Under Hypothesis 2a
(Mitigation), stock overvaluation attenuates,
but does not reverse, the negative relation
between CEO business educational background
and R&D investment. This pattern requires
a negative £, a positive B, and a non-pos-
itive B + 5. Hypothesis 2b (Reversal) rep-
resents a stronger case in which stock over-
valuation reverses the mnegative relation,
such that business-educated CEOs increase
R&D investment when firms are overvalued.
This pattern requires a negative G, a pos-
itive B, and a positive 5 + B.

Table 1 summarizes how the estimated co-
efficients correspond to the testable hypotheses.
All three hypotheses can involve a positive
interaction coefficient, but they differ in the
baseline relation between CEO business ed-
ucational background and R&D investment

and in the conditional relation among over—

(Table 1) Testable hypotheses and expected coefficient patterns

Hypotheses Effect of CEOs’ business educational background Expected
Non-overvalued firms Overvalued firms coefficient pattern
Amplification Positive More positive 520, 670
Mitigation Negative Less negative 50, B0, 6 +8<0
Reversal Negative Positive G6<0, 370, 6+ 60
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valued firms. Thus, the empirical separation
between Hypothesis 2a and Hypothesis 2b
requires testing whether £ + 55 is statisti-

cally greater than zero.

3.4 Summary Statistics

Table 2 presents the distribution of CEO

business education and the descriptive sta-
tistics for the variables used in the main
analysis. Panel A shows that, among the 4,975
CEOs identified in our sample, 2,178 have
at least one business-related degree. Of these
CEOs, 1,590 hold a business-related bach-
elor's degree, 1,685 hold a business-related

master's degree, and 29 hold a business-related

(Table 2) Distribution of CEO business education and descriptive statistics

Panel A reports the distribution of CEOs with business educational backgrounds by degree level. The
degree-level categories are not mutually exclusive because a CEO may hold business-related degrees
at multiple levels. Degree-level counts are based on degrees identified in the available educational
records and do not imply that an unreported degree was not obtained. Panel B reports summary
statistics for the variables used in the baseline regressions. All continuous variables are winsorized at
the 1st and 99th percentiles. Variable definitions are provided in Table Al.

Panel A. Distribution of CEO business education

Business education No. of CEOs
All CEOs 4,975
Business-educated CEOs 2,178
Business-related bachelor’s degree 1,590
Business-related master’s degree 1,685
Business-related doctoral degree 29
Panel B. Descriptive statistics
Variables Mean Std. Dev. Min Median Max
RDI 0.033 0.079 0.000 0.010 0.374
BUSINESS 0.443 0.497 0.000 0.000 1.000
OVER 0.333 0.471 0.000 0.000 1.000
CEOAGE 4.020 0.142 3.638 4.043 4.317
CEOOWN 0.125 0.138 0.000 0.053 0.545
FIRMSIZE 26.117 1.476 23.474 25.845 31.080
FIRMAGE 3.241 0.614 1.386 3.219 4.344
ROA 0.025 0.085 —0.315 0.032 0.228
LEV 0.420 0.204 0.054 0.416 0.887
TANG 0.293 0.185 0.004 0.283 0.747
CASH 0.110 0.101 0.002 0.080 0.527
CAPEX 0.042 0.049 0.000 0.025 0.254
GROWTH 0.120 0.448 —0.641 0.049 1.903
FOR 0.063 0.098 0.000 0.022 0.517
LARGE 0.398 0.166 0.007 0.391 0.790
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doctoral degree. These degree-level catego-
ries are not mutually exclusive because a
CEO may hold business-related degrees at
more than one level.

Panel B presents the summary statistics
for the variables used in the main analysis.
The mean value of RDI is 0.033, indicating
that, on average, R&D expenditure accounts
for 3.3% of total sales. The mean value of
BUSINESS is 0.443, indicating that 44.3%
of firm-year observations are led by CEOs
with business educational backgrounds. The
mean value of OVER is 0.333, which is con-
sistent with the classification of overvalued
firms based on the top tercile of firm-specif-
ic misvaluation.” The average of the natural
logarithm of CEO age (CEOAGE) is 4.020,
and the average CEO ownership (CEOOWN)
is 2.5%. Regarding firm characteristics, the
mean values of FIRMSIZE and FIRMAGE,
both measured in natural logarithms, are
26.117 and 3.241, respectively. The mean
values of return on assets (ROA), leverage
(LEV), cash holdings (CASH), capital ex-
penditure (CAPEX), and sales growth
(GROWTH) are 0.025, 0.420, 0.110, 0.042,
and 0.120, respectively. The average foreign
ownership (FOR) is 6.3%, while the average
ownership by large shareholders (LARGE) is

39.8%.°

IV. Empirical Results

4.1 Baseline Regressions

Table 3 reports the baseline regression
results. In the regression analyses, RDI is
multiplied by 100 for ease of interpretation.
Column (1) includes only the main variables,
column (2) adds CEO characteristics (CEO
age (CEOAGE) and CEO ownership (CEOOWN)),
and column (3) includes the full set of control
variables. Across all specifications, the co-
efficient on BUSINESS is negative and stat-
istically significant.

In column (3), the coefficient on BUSINESS
is —0.469 and significant at the 5% level,
indicating that business-educated CEOs are
associated with R&D intensity that is 0.469
percentage points lower among non-over-
valued firms. This finding is consistent with
the view that business-educated CEOs may
be more cautious about R&D investment
(Miller and Xu, 2019), especially when firms
are not overvalued and R&D involves un-

certain outcomes and short-term performance

4) The mean and median values of firm-specific misvaluation are 0.003 and —0.012, respectively.
5) In untabulated analyses, pairwise correlations among the explanatory variables do not indicate serious multicollinearity
concerns. Consistent with this, all variance inflation factor (VIF) values are below 5, suggesting that multicollinearity

is not a serious concern in our regression models.
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(Table 3) Baseline regressions

This table reports the baseline regression results. Definitions of the remaining variables are provided
in Table Al. Values in parentheses are t-statistics based on standard errors clustered at the firm
level. The row "B + 3 reports the estimated sum of the coefficients on BUSINESS and BUSINESS x
OVER. The value in parentheses for this row is the t-statistic from testing the null hypothesis that G
+ B =0.% ", and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively.

Dependent variable = RDI+1 (%)

(1) 2) (3)

—0.625 " —0.557 —0.469 "
2.693 1.303 0.987
OVER 2 (8.45) (5.25) (4.53)
1.376 0.913 0.775
BUSINESS » OVER s (5.42) (3.59) (3.15)
—0.428 —0.430
0.210 0.208
CEOOWN ¥ (2.30) (2.17)
FIRMSIZE ¥3 0(75 5251)
FIRMAGE Vi 2'7276%)
9.144™
ROA & (9.80)
. o
CASH ¥ ?12733)
CAPEX % f?)g%%)
GROWTH ¥i0 0(37 %‘?)
FOR Y1 (11' 53333)
LARGE ¥io (f? 5156)
Constant . —1.243" -0.4117 —0.344"
(—5.23) (—3.46) (—2.76)
Firm FE Yes Yes Yes
Year FE Yes Yes Yes
Observations 21,018 21,618 21,618
Within R” 0.085_ 0.130_ 0.254
G+ 5 0.751 0.356 0.306
(t-statistics) (4.40) (2.59) (2.50)

1982
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pressure. The coefficient on BUSINESS x
OVER is 0.775 and significant at the 1%
level. This estimate indicates that the asso-
ciation between CEO business educational
background and R&D intensity is 0.775 per-
higher
firms than among non-overvalued firms.

To assess the effect of CEO business edu-

cational background among overvalued firms,

centage points among overvalued

we report the linear combination (8 + ) of
the coefficients on BUSINESS and BUSINESS
x OVER at the bottom of the table. The line-
ar combination is positive and statistically
significant in all specifications. In Column
(3), the linear combination is 0.306 and sig-
nificant at the 5% level. This finding in-
dicates that, among overvalued firms, busi-
ness-educated CEOs are associated with a
0.310 percentage point higher R&D intensity
than non-business CEOs. Thus, the negative
relation between CEO business educational
background and R&D investment is not
merely attenuated under overvaluation. It
becomes positive.”

Taken together, the baseline results sup-
port Hypothesis 2b. Business-educated CEOs
are associated with lower R&D investment
when firms are not overvalued, but the asso-
ciation becomes positive among overvalued

firms.

4.2 Endogeneity

4.2.1 R&D Persistence and Reverse Causality

Although the baseline results are consistent
with the reversal hypothesis, several endoge-
neity concerns may affect the interpretation
of the findings. The first concern relates to
the persistence of R&D investment and po-
tential reverse causality. R&D investment is
likely to be persistent because firms current
R&D decisions depend on accumulated tech-
nological capabilities and prior investment
commitments (e.g., Yim and Kang, 2024). If
firms" prior R&D trajectories are correlated
with CEO educational background or valu-
ation conditions, the baseline estimates may
partly reflect persistent R&D patterns rather
than the effect of CEO business education
under overvaluation. In addition, firms with
high levels of past R&D investment may re-
ceive higher market valuations (Li, 2026),
raising concerns that stock overvaluation re-
flects market expectations about future R&D.

To mitigate this concern, we estimate a dy-
namic panel model using the two-step system
generalized method of moments (GMM) esti-
mator (Arellano and Bover, 1995: Roodman,
2009). We include the lagged dependent var-

iable as an additional regressor to account

6) As a supplementary check, Table A2 in the Appendix reports subsample regressions by valuation status. The coefficient
on BUSINESS changes from negative in the undervalued and fairly valued subsamples to positive in the
overvalued subsample, consistent with the reversal hypothesis.
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(Table 4) Endogeneity checks (1) system GMM

This table reports the system GMM estimation results. Definitions of the remaining variables are
provided in Table Al. Values in parentheses are t-statistics based on Windmeijer-corrected robust
standard errors with finite-sample adjustment. The row "B + B reports the estimated sum of the
coefficients on BUSINESS and BUSINESS x OVER. The value in parentheses for this row is the
t-statistic from testing the null hypothesis that & + B = 0. * ** and ™" indicate statistical
significance at the 10%, 5%, and 1% levels, respectively.

Dependent variable = RDI;+1 (%)

0.317
kDI p (8.20)
BUSINESS B (- Pﬁgg)
, 8
2.175°

BUSINESS x OVER B (9.50)
CEOAGE 4 (9 2?38)
CEOOWN ) (()119507)
FIRMSIZE V3 0(41%%)
FIRMAGE % )
ROA % 090
LEV 5 =
TANG ¥ 0.05)
CASH s (294
CAPEX ¥ 2599
GROWTH Y10 (2232%)
FOR Y11 (01 81530)
e
Constant a (1048292)
Year FE Yes
Observations 21,618
Diagnostic test

AR(1) test (p-value) 0.000
AR(2) test (p-value) 0.275
Hansen J test (p-value) 0.539
LB+ B 1.298"
(t-statistics) (2.10)
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for the persistence of R&D investment. By
using internal instruments based on lagged
values of the variables, system GMM helps
mitigate biases arising from unobserved firm-
specific effects, the inclusion of the lagged
dependent variable, and the potential endo-
geneity of BUSINESS and BUSINESS x
OVER. This approach allows us to test
whether the baseline reversal pattern re-
mains robust in a dynamic panel setting.”
Table 4 reports the results. The diagnostic
tests support the validity of the system
GMM specification. The AR (1) test is sig-
nificant, while the AR (2) test is insignif-
icant, indicating no evidence of second-order
serial correlation. The Hansen J test is also
insignificant, suggesting no evidence against
the validity of the instruments. The co-
efficient on RDI is positive and statistically
significant, confirming the persistence of
R&D investment. More importantly, the co-
efficient on BUSINESS remains negative,
whereas the coefficient on BUSINESS x
OVER remains
significant. The linear combination of the co—
efficients on BUSINESS and BUSINESS x
OVER is also positive and statistically sig-

positive and statistically

nificant, indicating that business-educated

CEOs are associated with higher R&D in-
vestment than non-business CEOs among
overvalued firms. These results suggest that
the reversal pattern documented in the base-
line regressions persists after accounting for
R&D persistence and addressing concerns

about potential reverse causality.

4.2.2 Endogenous CEO Appointments

The second concern relates to the endoge-
nous appointment of CEOs with business ed-
ucational backgrounds. Firms with different
innovation environments may appoint CEOs
with different educational backgrounds. For
instance, He and Hirshleifer (2022) note
that CEOs with Ph.D. degrees are con-
centrated in innovative industries, suggesting
that CEO educational background may be
systematically related to firms innovation
environments. If unobserved firm character-
istics affect both the appointment of busi-
ness—educated CEOs and subsequent R&D
investment, the estimated relation between
CEO business educational background and
R&D investment may be biased.

To address this concern, we employ an in-

strumental variable (IV) approach. Following

7) In the estimation, we treat BUSINESS and BUSINESS x OVER as endogenous variables. This accounts for the
possibility that CEO educational background is related to unobserved firm characteristics that also affect R&D
investment. OVER is treated as an observed valuation condition rather than as the primary endogenous treatment
variable, because the analysis focuses on whether the effect of BUSINESS differs across valuation conditions. As a
robustness check, we also treat OVER as predetermined, allowing it to reflect past firm conditions but not

contemporaneous shocks to R&D investment.

HYSHHTL A55A M5E 20264 102

19856



Jeongdae Yim

(Table 5) Endogeneity checks (2) IV estimation for endogenous CEO appointment

This table reports the instrumental variable estimation results. Columns (1) and (2) report the first-stage
regressions for BUSINESS and BUSINESS x OVER, respectively. Column (3) reports the second-stage
regression results. BUSINESS is instrumented by BUS IND, and BUSINESS x OVER is instrumented by
BUS _IND x OVER. Definitions of the remaining variables are provided in Table Al. Values in parentheses
are t-statistics for the first-stage regressions and z-statistics for the second-stage regression, based on robust
standard errors. The row ‘B + 3 reports the estimated sum of the coefficients on BUSINESS and
BUSINESS x OVER. The value in parentheses for this row is the z-statistic from testing the null hypothesis
that B + B = 0. *, ™, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively.

First stage Second stage
(1) (2) (3
B(O]%I(])\(])ESS BUSINngZOX OVER RDI+1 (%)
BUS IND (12.76) (1.88),
BUS IND x OVER 0(31%55) 0(52 %97)
BUSINESS (instrumented) B - = 1'2313 )
OVER 5 1(42.%?)
BUSINESS x OVER (instrumented) [ %2628)
—-0.044"" 0.001 —0.325 "
CEOAGE n (_249%) (0.50) (—2.60)
0.080 0.040 0.027
CEOOWN e (1.98) (0.75), (1.40)
0.007 0.010 0.411
FIRMSIZE ¥ (3.92) (2.89) (4.19)
0.097 0.018 —0.227
FIRMAGE ¥ (8.99). (2.95) (=2.15)
0.162 0.187 1.677
koA % (3.21) (2.69) (3.81)
—0.055 —0.010 —5.550
LEV Y6 (~0.70) (~1.03) (~8.04)
0.211 0.098 0.711
TANG 1 (2,99*)** (4.22) (0.22)
0.150 —0.020 2.097
CASH s (4_50*)** (—0.90) (0.49)”
0.197 —0.035 —4.318
CAPEX b (3.15) (-0.73) (=2.10)
—0.011 —0.003 1.205
GROWTH ¥10 (—2.10) (—1.80) (1.74)
0.049 0.044 1.762
FOR s (2.99) (1.12) (0.39)
0.111 -0.015 —1.097
LARGE Y2 (7.15) (—0.70) (—3.28)
Firm FE Yes Yes Yes
Year FE Yes Yes Yes
Observations 21,618 21,618 21,618
Diagnostic test
Sanderson-Windmeijer F statistic 21.86 24.13
Kleibergen-Paap rk F statistic 19.31
L+ B 0.396
(z-statistics) (2.49)
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the intuition of Mun and Kim (2021), we use
the industry-level proportion of business-
educated CEOs (BUS_IND), excluding the fo-
cal firm, as an IV for CEO business educa-
tional background. Industries are defined
based on two-digit KSIC codes. The rele-
vance of this instrument rests on the idea
that firms are more likely to appoint busi-
ness-educated CEOs when such CEOs are
more prevalent in the same industry. This
industry-level prevalence reflects the mana-
gerial labor market and CEO appointment
patterns within the industry (Kallias et al.,
2023). The exclusion restriction rests on the
assumption that, conditional on firm charac-
teristics, firm fixed effects, and year fixed ef-
fects, the industry-level prevalence of business-
educated CEOs affects subsequent R&D invest-
ment mainly through the appointment of a busi-
ness-educated CEO (Mun and Kim, 2021).
Because CEO business educational back-
ground enters the model both directly and
through its interaction with stock over-
valuation, we treat both BUSINESS and
BUSINESS x OVER as endogenous regressors.
BUSINESS is instrumented by BUS IND,
and BUSINESS x OVER is instrumented by
the interaction between BUS IND and OVER.

This approach follows the standard IV princi-
ple that when an endogenous variable is in-
teracted with an observed conditioning varia-
ble, the interaction term should also be in-
strumented (e.g., Balli and Sgrensen, 2013:
Bun and Harrison, 2019).%

Table 5 reports the IV estimation results.
Columns (1) and (2) present the first-stage
regressions for BUSINESS and BUSINESS *
OVER, respectively, and column (3) presents
the second-stage results. The first-stage re-
sults show that BUS IND is positively and
significantly associated with BUSINESS, and
BUS IND x OVER 1is positively and sig-
nificantly associated with BUSINESS x OVER.
The Sanderson-Windmeijer F statistics are
21.86 and 24.13 for the two endogenous re-
gressors, respectively, and the Kleibergen-
Paap rk F statistic is 19.31. These statistics
suggest that weak instrument concerns are
unlikely to drive the results.”

The second-stage results are consistent
with the baseline findings. The coefficient on
BUSINESS is negative and statistically sig-
nificant, while the coefficient on BUSINESS *
OVER is positive and statistically significant.
More importantly, the linear combination of
the coefficients on BUSINESS and BUSINESS

8) In this IV specification, OVER is treated as an observed valuation condition rather than as the primary endogenous
treatment variable. Our objective is not to estimate the standalone causal effect of stock overvaluation, but to
examine whether the effect of CEO business educational background differs across valuation conditions.

9) The model is exactly identified because the two endogenous regressors, BUSINESS and BUSINESS x OVER, are
instrumented by two excluded instruments, BUS IND and BUS IND x OVER. Therefore, overidentification tests
such as the Sargan or Hansen J test are not available. We instead report the Sanderson-Windmeijer F' statistics
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x OVER is positive and statistically significant.
These results indicate that, even after ad-
dressing concerns about endogenous CEO ap-
pointment, business-educated CEOs are as-
sociated with higher R&D investment than
non-business CEOs among overvalued firms.
Thus, the IV results continue to support the

reversal hypothesis.

4.2.3 Observable Selection Bias

The third concern relates to observable se-
lection bias. Firms led by business—educated
CEOs may differ from firms led by non-busi-
ness CEOs in observable characteristics (Dong
et al., 2025). Similarly, overvalued firms
may differ from non-overvalued firms in fi-
nancial conditions or investment capacity
(Mrad et al., 2024; Yim, 2025). These dif-
ferences may affect subsequent R&D invest-
independently of CEO

background or valuation status. If firms with

ment educational
certain observable characteristics are more
likely to appoint business-educated CEOs or
to be classified as overvalued, the estimated
interaction effect may partly reflect differ-
ences in firm composition rather than the ef-
fect of CEO business educational background

among overvalued firms.

To address this concern, we employ propen-—
sity score matching (PSM) to construct more
comparable samples. We conduct two sepa-
rate matching procedures. First, the treat-
ment group consists of firm-year observations
led by CEOs with business educational back-
grounds (BUSINESS = 1),
group consists of firm-year observations led by
CEOs without such backgrounds (BUSINESS
= (). We refer to this sample as the busi-

and the control

ness—matched sample. Second, the treatment
group consists of overvalued firm-year ob-
servations (OVER = 1), and the control group
of non-overvalued firm-year ob-
servations (OVER = 0). We refer to this

sample as the overvaluation-matched sample.

consists

The propensity scores are estimated using
the full set of control variables included in
the baseline regression model. We perform
one-to-one nearest—neighbor matching with
replacement under a common-support re-
striction and then re-estimate the baseline
model using each matched sample. Table A3
in the Appendix reports covariate balance
tests, showing that the matching procedure
substantially reduces observable differences
between treated and control observations.
Table 6 reports the regression results using

propensity score-matched samples. Column

and the Kleibergen-Paap rk F' statistic. The Sanderson-Windmeijer F statistics are appropriate because the model
includes multiple endogenous regressors and they assess the conditional relevance of the excluded instruments for
each endogenous regressor (Sanderson and Windmeijer, 2016). The Kleibergen-Paap rk F statistic is appropriate
under heteroskedasticity-robust inference (Kleibergen and Paap, 2006).

1988
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(Table 6) Endogeneity checks (3) propensity score matching

This table reports regression results using propensity score-matched samples. Column (1) reports the
results based on the business-matched sample, where firms led by CEOs with business educational
backgrounds are matched with firms led by CEOs without such backgrounds. Column (2) reports the
results based on the overvaluation-matched sample, where overvalued firms are matched with
non-overvalued firms. Definitions of the remaining variables are provided in Table Al. Values in
parentheses are t-statistics based on standard errors clustered at the firm level. The row ‘8 + 5
reports the estimated sum of the coefficients on BUSINESS and BUSINESS x OVER. The value in
parentheses for this row is the t-statistic from testing the null hypothesis that 8 + & = 0. *, **,
and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively.

Dependent variable = RDI+1 (%)
1) (2)

Business-matched sample Overvaluation-matched sample

—0.393" —0.443"
BUSINESS B (~2.30) (—2.35)
1.003 0.920
OVER 5 (4.29) (3.88)
BUSINESS x OVER B3 0(3751%) 0(3772%)
~0.390" —-0.463
CEOAGE yi (~1.79) (~1.91)
0.230 0.225
CEOOWN ¥ (2_43*)** (2,20*)“
FIRMSIZE el O(g%) 0(66%%)
—-1.466" -0.953"
FIRMAGE Y4 (—=7.50) (=5.61)
8.940" 8.755
ROA ¥ (8.90) (8.30)
-6.711 —7.081
LEV ¥ (=17.90) (~8.65)
0.133 0.176
TANG ¥i (0.59) (1.30).
1.200 2.601
CASH ¥ (1.49) (2.30)
—4.977 —4.333
CAPEX ¥9 (73_0*3“) (*2.34}*)
0.780 0.549
GROWTH Y10 (3.30) (2.13)
1.160 1.313
FOR Y11 (0.97) (1.52)
—4 433 —4.580
LARGE Y12 (—6.70) (—6.46)
-0.423" -0.370°
Constant a (—2.99) (—1.89)
Firm FE Yes Yes
Year FE Yes Yes
Observations 19,120 14,370
Within R? 0.233 0.229
L+ B 0.365 0.333
(t-statistics) (2.80) (2.17)
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(1) presents the results based on the busi-
ness-matched sample, and Column (2) pres-
ents the results based on the overvaluation-
matched sample. In both columns, the co-
efficient on BUSINESS remains negative,
whereas the coefficient on BUSINESS * OVER
remains positive and statistically significant.
The sum of the coefficients, G + B, is pos-
itive and statistically significant. These find-
ings indicate that the reversal pattern re-
mains after reducing observable differences
related to the two components of the inter-
action term, CEO business educational back-

ground and stock overvaluation status.'”

4.3 Robustness Checks

We conduct several robustness checks to
examine whether the baseline reversal pat-
tern is sensitive to alternative variable defi-
nitions, sample restrictions, and fixed-effect
structures. Table 7 reports the results. Columns
(1) and (2) examine whether the baseline re-
sults are sensitive to the measurement of
R&D investment. In Column (1), we use RDA
(%), measured as R&D expenditure scaled
by lagged total assets and multiplied by 100.
In Column (2),
the natural logarithm of R&D expenditure.

we use LnRD, measured as

In both specifications, BUSINESS remains
negative, BUSINESS x OVER remains pos-
itive and statistically significant, and the
linear combination of the two coefficients re-
mains positive and statistically significant.
These results indicate that the reversal pat-
tern is not driven by the choice of sales-
scaled R&D intensity as the baseline de-
pendent variable.

Column (3) restricts the sample to firms
with positive R&D expenditure. This test ad-
dresses the possibility that the baseline re-
sults are driven by firms that report zero
R&D expenditure. The results remain con-
sistent with the baseline findings. The co-
efficient on BUSINESS is negative and stat-
istically significant, the coefficient on BUSINESS
x OVER is positive and statistically sig-
nificant, and the linear combination, 5 + £
3, 1s positive and statistically significant.
This finding suggests that the reversal pat-
tern also holds among firms that engage in
R&D investment.

Column (4) redefines OVER using the high-
est quintile of firm-specific misvaluation,
providing a more restrictive definition of
overvaluation (e.g., Alzahrani and Rao, 2014).
The results remain unchanged. BUSINESS is
negative and statistically significant, BUSINESS

10) Although PSM helps mitigate observable selection bias, it does not directly eliminate the potential endogeneity of
the interaction term itself. Because the main coefficient of interest is BUSINESS x OVER, the matching analyses
should be interpreted as complementary evidence that reduces observable differences in the two components of the
interaction term, CEO business educational background and stock overvaluation status.

1990
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(Table 7) Robustness checks

This table reports robustness check results. The dependent variables in Columns (1) and (2) are RDA
(%) and LnRD, respectively. In Columns (3) to (6), the dependent variable is RDI (%). Column (3)
restricts the sample to firms with positive R&D expenditure. In Column (4), OVER is redefined as an
indicator equal to one for firm-year observations in the highest quintile of firm-specific misvaluation
(FSE). Column (5) replaces the indicator measure of overvaluation with the continuous FSE component
derived from the Rhodes-Kropf et al. (2005) decomposition and includes its interaction with
BUSINESS. Column (6) includes industry-by-year fixed effects. Definitions of the remaining variables
are provided in Table Al. Values in parentheses are t-statistics based on standard errors clustered at
the firm level. Within R? is reported for Columns (1) to (5), and adjusted R* is reported for Column
(6). The row "B + B3 reports the estimated sum of the coefficients on BUSINESS and BUSINESS x
OVER. The value in parentheses for this row is the t-statistic from testing the null hypothesis that &
+ B = 0. % * and *" indicate statistical significance at the 10%, 5%, and 1% levels, respectively.

(1) (2) Positive OVER based .
RDA (%) LnRD R&D sample on top quin- Comlél uous I%%git?ﬁx
only tile of FSE

—-0.361" —0.060 -0.477" -0.379 —0.404" -0.125"
BUSINESS B (23 93) (—1.79) (—2.13) (—1.83) (~2.05) (—2.11)

0.835" 0.293" 1.225" 1.295" 0.997™"
OVER B (543) (4.67) 6.37) (6.50) (3.69)
BUSINESS * 0.606" 0.1217 0.655 " 0.813" 0.414"
OVER (2.80) (2.32) (2.73) (2.99) (2.38)
L o
BUSINESS 0.098""
FSE 5 (4.70)
gl(gsltml varia~ Yes Yes Yes Yes Yes Yes
Constant Yes Yes Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes Yes No
Year FE Yes Yes Yes Yes Yes No
%i?slg%' . No No No No No Yes
Observations 21,618 21,618 13,109 21,618 21,618 21,618
R 0.209 0.172. 0.195 0.221 0.151 0.189.
B+ G 0.245 0.061 0.178 0.434 B 0.289
(t-statistics) (1.93) (2.01) (2.00) (3.49) (2.30)

x OVER 1is positive and statistically sig- Column (5) replaces the indicator measure

nificant, and the linear combination is pos-
itive and significant at the 1% level. This re-
sult indicates that the baseline conclusion is
not sensitive to the tercile cutoff used to de-

fine overvalued firms.
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of overvaluation with the continuous firm-
specific misvaluation component (FSE). The
coefficient on BUSINESS remains negative,
while the coefficient on BUSINESS x FSE is

positive and statistically significant. Thus,
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the relation between CEO business education
and R&D becomes more positive as FSE in-
creases, indicating that the baseline inter-
action result is not driven by the discrete
cutoff used to define overvalued firms.'"
Column (6) includes industry-by-year fixed
effects. This specification absorbs time-vary-
ing industry-level shocks that may affect
firms within the same industry-year. The co-
efficient on BUSINESS remains negative,
whereas the coefficient on BUSINESS x OVER
remains positive and statistically significant.
The linear combination is also positive and
statistically significant. Thus, the reversal
pattern persists even after controlling for

time-varying industry-level factors.

4.4 Mechanism Tests

Having established the reversal pattern
across the baseline, endogeneity, and ro-
bustness analyses, we next examine the
through which

valuation changes the relation between CEO

mechanisms stock over—
business educational background and R&D
investment. The baseline results show that
business-educated CEOs are associated with
lower R&D investment when firms are not

overvalued, but higher R&D investment

when firms are overvalued. This pattern may
arise through different channels.

One possible channel is the equity-financ-
ing mechanism. Stock overvaluation may
provide firms with favorable equity financing
opportunities (Baker et al., 2003: McLean
and Zhao,
Whited, 2016), and business-educated CEOs

may be more likely to recognize and use

2014; Warusawitharana and

these opportunities to support R&D investment.
Another possible channel is the catering
mechanism. Stock overvaluation may in-
crease incentives to respond to market ex-
pectations (Gao, 2010: Jensen, 2005: Jin,
2022; Polk and Sapienza, 2009), and busi-
ness-educated CEOs may respond by in-
creasing visible growth-oriented investments
such as R&D. These mechanisms are not
necessarily mutually exclusive.

To distinguish these mechanisms, we joint—
ly consider financial constraints and investor
horizons. Financial constraints capture the
extent to which favorable equity financing
opportunities are valuable to the firm. If the
reversal pattern is driven by the equity fi-
nancing mechanism, the positive conditional
effect of CEO business educational back-
ground among overvalued firms should be

more pronounced among financially con-

11) As an additional untabulated robustness check, we redefine OVER as an indicator equal to one when firm-specific
misvaluation is greater than zero. The results remain consistent with the baseline findings: BUSINESS remains
negative, BUSINESS x OVER remains positive and statistically significant, and the conditional effect of
BUSINESS among overvalued firms remains positive and statistically significant.

1992
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strained firms. Investor horizons capture the
extent to which firms are exposed to invest-
ors with shorter trading horizons, which may
intensify valuation-related market pressure.
If the reversal pattern is driven by the cater-
ing mechanism, the positive conditional ef-
fect should be more pronounced among firms
with short-horizon investors. We therefore
divide the sample into four groups based on
financial constraint status and investor
horizon.

We measure financial constraints using a
modified KZ index following Baker et al.
(2003). Because the conventional KZ index
includes Tobin's Q, it may mechanically over-
lap with our stock overvaluation measure.
We therefore exclude Tobin's Q from the in-

dex and calculate the modified K7 index as

follows:
CF,
KZindew; , =—1.002 X ———39.368
it—1
Uity 150 - 330 LV, W
X T 1315 % : 139 % .
Aiioq P ot

In Eq. (3), CF denotes cash flow, DIV de-
notes cash dividends, C is cash holdings, A
denotes total assets, and LEV is leverage.
Firms with modified KZ index values above
the annual median are classified as finan-
cially constrained, and the remaining firms
are classified as financially unconstrained.
Following Alzahrani and Rao (2014), we

measure investor horizon using stock turnover.
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Specifically, the turnover ratio is calculated
as the average monthly ratio of shares trad-
ed to shares outstanding over the fiscal
year. A higher turnover ratio indicates that
shares change hands more frequently and is
therefore interpreted as reflecting a shorter
investor horizon. Firms with turnover ratios
above the annual median are classified as
short-horizon investor firms, and the re-
maining firms are classified as long-horizon
investor firms.

We first examine financial constraints and
investor horizons separately before examin-
ing their joint classification. If the equity-fi-
nancing mechanism is the primary ex-
planation, the reversal should be more evi-
dent among financially constrained firms, for
which favorable equity-financing conditions
are particularly valuable. By contrast, if the
catering mechanism is more relevant, the re-
versal should be more evident among firms
with short-horizon investors, where pressure
to respond to market expectations is likely
to be stronger. We then combine the two di-
mensions in a 2 x 2 classification to examine
whether the investor-horizon pattern per-
sists across financial constraint status.

Table 8 reports the mechanism test results.
Panel A presents the separate subsample
analyses. Columns (1) and (2) divide the
sample by financial constraint status, while
Columns (3) and (4) divide the sample by

investor horizon. In both the constrained
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(Table 8) Mechanism tests

This table reports the mechanism test results based on subsamples classified by financial constraint
status and investor horizon. Financial constraints are measured using the modified K7 index following
Baker et al. (2003), excluding Tobin's Q from the conventional KZ index. Firms with modified KZ index
values above the annual median are classified as financially constrained, and the remaining firms are
classified as financially unconstrained. Investor horizon is measured using stock turnover following
Alzahrani and Rao (2014). Firms with turnover ratios above the annual median are classified as
short-horizon investor firms, and the remaining firms are classified as long-horizon investor firms.
Panel A reports separate subsample analyses by financial constraint status and investor horizon.
Columns (1) and (2) divide the sample into financially constrained and unconstrained firms,
respectively, while Columns (3) and (4) divide the sample into short- and long-horizon investor firms,
respectively. Panel B reports the joint 2 x 2 classification based on both financial constraint status and
investor horizon. Definitions of the remaining variables are provided in Table Al. Values in parentheses
are t-statistics based on standard errors clustered at the firm level. The row "B + 3 reports the
estimated sum of the coefficients on BUSINESS and BUSINESS * OVER. The value in parentheses for
this row is the t-statistic from testing the null hypothesis that 8 + & = 0. *, **, and *** indicate
statistical significance at the 10%, 5%. and 1% levels, respectively.

Dependent variable = RDI+; (%)
Panel A. Separate subsample analysis
(1) (2) (3) (4)

Constrained Unconstrained Short-horizon Long-horizon
—0.455 —0.469 —0.445 —0.493
BUSINESS B (-2.25) (~2.40) (-2.11) (~2.53)
0.949 0.935 0.943 1.000
OVER £ (5.60). (5.59). (5.44). (5.59)
0.703 0.713 0.889 0.572
BUSINESS x OVER & (2.83) (2.90) (3.45) (1.60)
Control variables Yes Yes Yes Yes
Constant Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Observations 10,809 10,809 10,809 10,809
Within R? 0.211 0.215 0.224 0.221
B+ B 0.248 0.244 0.444 0.079
(t-statistics) (2.03) (2.03) (3.52) (1.05)
Panel B. Joint financial-constraint X investor-horizon analysis
(1) (2) (3) (4)
Constrained x Constrained x Unconstrained x  Unconstrained x
Short-horizon Long-horizon Short-horizon Long-horizon
—0.503 —0.492 —0.489 —0.469
BUSINESS b (~2.33) (~2.70) (~2.69) (~2.61)
0.905 1.111 0.965 0.935
OVER % (5.57). (6.76) (5.99). (5.50)
0.776 0.621 0.851 0.555
BUSINESS x OVER & (3.29) (1.69) (3.70) (1.37)
Control variables Yes Yes Yes Yes
Constant Yes Yes Yes Yes
Firm FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Observations 5,184 5,625 5,614 5,195
Within R? 0.193, 0.200 0.208 0.194
B+ B 0.273 0.129 0.362 0.086
(t-statistics) (2.15) (1.19) (2.70) (1.09)
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and unconstrained subsamples, BUSINESS
is negative and statistically significant, while
BUSINESS x OVER is positive and statisti-
cally significant. The interaction coefficients
are also very similar in magnitude, at 0.703
and 0.713, respectively. The conditional ef-
fects of BUSINESS among overvalued firms,
B+ B, are 0.248 for constrained firms and
0.244 for unconstrained firms. Thus, the re-
lation between CEO business education and
R&D under overvaluation does not appear to
be concentrated among financially con-
strained firms.

The results differ more clearly when the
sample is divided by investor horizon. In the
short-horizon subsample, BUSINESS is neg-
ative and significant, whereas BUSINESS x
OVER is positive and significant. The corre-
sponding conditional effect of BUSINESS
among overvalued firms is 0.444 (¢t = 3.52).
In the long-horizon subsample, BUSINESS
remains negative and significant, but BUSINESS
x OVER is statistically insignificant, and the
corresponding conditional effect is only 0.079
(t = 1.05). These results provide more di-
rect evidence that the reversal pattern is as-
sociated with investor horizon rather than
financial constraint status.

Panel B further examines the two di-
mensions jointly. The results reinforce the
pattern in Panel A. The conditional effect of
BUSINESS among overvalued firms is pos-

itive and statistically significant for finan-
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cially constrained firms with short-horizon
investors (0.273) and for financially uncon-
strained firms with short-horizon investors
(0.362). By contrast, the corresponding ef-
fects are statistically insignificant for con-
strained firms with long-horizon investors
(0.129) and unconstrained firms with long-
horizon investors (0.086). Thus, the reversal
is observed in both financial constraint
groups when investor horizons are short, but
not when investor horizons are long.

Taken together, the separate and joint
subsample analyses point to investor hori-
zon, rather than financial constraint status,
as the dimension more closely associated
with the reversal pattern. If favorable equity
financing were the primary mechanism, the
reversal would be expected to be concentrated
among financially constrained firms. Instead,
it appears across both constrained and un-
constrained firms when investor horizons are
short. This pattern is difficult to reconcile
with a pure equity-financing explanation
and is more consistent with a catering-based
interpretation.

Additional analysis in Table A4 of the
Appendix shows that business-educated CEOs
are more likely to issue equity under over-
valuation, but equity issuance itself is not
significantly associated with subsequent R&D
investment. This finding suggests that busi-
ness—educated CEOs may use favorable equi-

ty market conditions, but such financing be-
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havior does not appear to explain the re-

versal pattern in R&D investment.

4.5 Further Tests

CEO ownership status and Chaebol affili-
ation may provide alternative explanations
for the documented relation between CEO
business education and R&D investment.
Prior Korean evidence suggests that own-
er-managers and professional managers dif-
fer in their R&D investment behavior. For
example, Kim and Song (2011) find that
firms managed by professional CEOs exhibit
significantly lower R&D intensity than firms
managed by owner CEOs. In addition, the
Chaebol structure represents an important
feature of the Korean corporate environment.
Ryu and Cho (2021) argue that the distinc-
tive ownership and control
Korean Chaebols can affect firms' R&D ex-

penditure behavior beyond governance char-

structure of

acteristics at the individual-firm level. We
therefore examine whether the baseline re-
versal varies systematically with CEO own-
ership status and Chaebol affiliation.
Following the Korean literature, we identi-
fy owner CEOs using the CEO's relationship
with the firm's largest shareholder. Specifically,
OWNERCEO equals one if the identified
CEO is reported as the largest shareholder
or a related party of the largest shareholder,

and zero otherwise. This approach is con-

1996

sistent with prior Korean research that uses
information on the largest shareholder, rela-
tives, and related parties to distinguish
owner-managers from professional managers
(Kim and Kim, 2025). CHAEBOL equals one
if the firm belongs to a designated business
group in year t, and zero otherwise. We esti-
mate separate three-way interaction models
for OWNERCEO and CHAEBOL and include
all corresponding lower-order interaction
terms. This specification allows us to test
directly whether the positive interaction be-
tween BUSINESS and OVER varies with
CEO ownership status or Chaebol affiliation.

Table 9 reports the results. Column (1)
examines CEO ownership status. The co-
efficient on OWNERCEO is positive and
statistically significant, whereas BUSINESS
x OWNERCEQO 1is insignificant. More im-
portantly, BUSINESS x OVER remains pos-
itive and significant, whereas BUSINESS x
OVER x OWNERCEOQO is statistically insig-
nificant. Thus, there is no evidence that the
reversal in the relation between CEO busi-
ness education and R&D under overvaluation
differs systematically between owner and
professional CEOs.

Column (2) examines Chaebol affiliation.
The coefficient on CHAEBOL is positive and
statistically significant, and the coefficient
on BUSINESS x CHAEBOL is also positive
and significant. However, the coefficient on
BUSINESS x OVER x CHAEBOL is statisti-
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(Table 9) CEO ownership status, Chaebol affiliation, and the reversal effect

This table examines whether the relation between CEO business education, stock overvaluation, and
subsequent R&D investment varies with CEO ownership status and Chaebol affiliation. Column (1)
reports the results using CEO ownership status. OWNERCEO equals one if the CEO is identified as the
largest shareholder or a related party of the largest shareholder, and zero otherwise. Column (2)
reports the results using Chaebol affiliation. CHAEBOL equals one if the firm belongs to a designated
business group in year t, and zero otherwise. Each specification includes all corresponding lower-order
interaction terms. The coefficients on BUSINESS x OVER x OWNERCEO and BUSINESS x OVER x
CHAEBOL test whether the interaction between BUSINESS and OVER differs by CEO ownership status
and Chaebol affiliation, respectively. Definitions of the remaining variables are provided in Table Al.
Values in parentheses are t-statistics based on standard errors clustered at the firm level. *, **, and
*** indicate statistical significance at the 10%, 5%, and 1% levels, respectively.

Dependent variable = RDI+; (%)
(1) (2)

Owner status Chaebol affiliation
—-0.443" —-0.453"
BUSINESS oy 0503,
0.915" 0.945"
OVER (3.78) (3.80)
BUSINESS x OVER 0(427%77) 0(27%% |
OWNERCEO (2'2185)
BUSINESS x OWNERCEO . 0.033
OVER x OWNERCEO (00- 0869?3
BUSINESS * OVER x OWNERCEO 0 00- 01035)
CHAEBOL 0( A 532257 |
BUSINESS x CHAEBOL 0(.32%82 :
OVER x CHAEBOL . 00. 03489)
BUSINESS x OVER x CHAEBOL - 00. 011653
Control variables Yes Yes
Constant Yes Yes
Firm FE Yes Yes
Year FE Yes Yes
Observations 21.618 21.618
Within R? 0.266 0.259
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cally insignificant. Thus, although Chaebol
affiliation is associated with the baseline re-
lation between CEO business education and
R&D, it does not significantly alter the re-
versal associated with overvaluation. Taken
together, these results provide no evidence
that the documented reversal differs system-
atically by CEO ownership status or Chaebol
affiliation, suggesting that the baseline find-
ing is unlikely to be attributable solely to these

ownership and governance characteristics.

V.. Conclusion

This study examines how CEO business
educational background shapes R&D invest-
stock Using
Korean listed firms from 2011 to 2023, we

find a reversal in the relation between CEO

ment under overvaluation.

business educational background and R&D
investment. CEOs with business educational
backgrounds are associated with lower R&D
investment when firms are not overvalued.
However, this negative relation reverses
when firms are overvalued. Among over-
valued firms, business-educated CEOs are
associated with higher R&D investment than
other CEOs. This evidence supports the re-
versal hypothesis rather than the amplifica-
tion or mitigation hypothesis. More broadly,

the pattern suggests that stock overvaluation

1998

shapes how business-educated CEOs trans-
late their training in financing and capital
allocation into R&D investment decisions.
This finding remains robust in analyses that
account for R&D persistence, mitigate con-
cerns about potential reverse causality, ad-
dress endogenous CEO appointment, and re-
duce observable selection bias. It also per—
sists across alternative measures of R&D in-
vestment, alternative definitions of over-
valuation, restrictions to firms with positive
R&D expenditure, and industry-by-year fixed
effects.

The mechanism tests suggest that this re-
versal pattern is difficult to reconcile with a
pure equity-financing explanation and is
more consistent with a catering-based inter-
pretation. If favorable equity financing op-
portunities were the main channel, the pos-
itive effect of CEO business educational
background among overvalued firms should
be stronger among financially constrained
firms. However, the results show that this
effect is significant only among firms with
short-horizon investors, regardless of finan-
cial constraint status. The effect is insignif-
icant among firms with long-horizon investors,
even when they are financially constrained.
Additional analysis further shows that busi-
ness—educated CEOs are more likely to issue
equity when firms are overvalued, but equity
issuance itself is not significantly associated

with subsequent R&D investment. These
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findings do not provide strong support for
the view that easier equity financing is the
primary explanation for the reversal pattern.
Although business-educated CEOs appear to
use favorable equity market conditions under
overvaluation, their R&D response does not
appear to be primarily financing-driven.
Rather, it is more consistent with catering
incentives that may become more salient
when market expectations matter more.
Taken together, the findings indicate that
the effect of CEO business educational back-
ground on R&D investment is not fixed. It
depends critically on stock market valuation
conditions. Business education appears to be
associated with a more conservative ap-
proach to R&D investment when firms are
not overvalued. Yet, under overvaluation,
the same educational background is asso-
ciated with a stronger R&D response, espe-
cially among firms with short-horizon investors.
This evidence is consistent with the view
that short-horizon investor environments
strengthen the association between CEO
business education and R&D investment un-
der overvaluation. Thus, this study shows
that corporate R&D investment is shaped
not only by CEO characteristics, but also by
the valuation conditions under which those

characteristics operate.
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5.1 Research Implications

This study extends the upper echelons lit-
erature by showing that CEO educational
background does not have a uniform effect
on R&D investment. Rather, its effect de-
pends on the valuation conditions under
which CEOs make investment decisions.
This finding suggests that CEO business ed-
ucation should be understood not only as a
proxy for managerial ability or preference,
but also as a factor that shapes how CEOs
interpret and respond to valuation-related
market signals. In this sense, CEO educa-
tional background functions as a context-
dependent managerial attribute rather than
as a fixed predictor of R&D investment.

The findings also have implications for how
the relation between stock misvaluation and
corporate investment should be interpreted.
Prior studies show that overvaluation can
affect real investment through financing op-
portunities or catering incentives. Our re-
sults suggest that this relation should not be
viewed as a purely firm-level response to
valuation conditions. Rather, the investment
response to overvaluation may depend on
the characteristics of the CEO who inter-
prets valuation signals and translates them
into investment decisions. Thus, overvaluation
does not mechanically translate into R&D
investment. Its effect on real investment

should be understood in conjunction with
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managerial characteristics.

The findings also have practical implications
for how R&D investment is interpreted.
Increases in R&D spending are often viewed as
evidence of stronger innovation commitment.
Our results suggest that this interpretation
may be incomplete when firms are overvalued.
In such settings, R&D investment may re-
flect a response to valuation-related market
pressure, particularly when firms are ex-
posed to short-horizon investors. This dis-
tinction is important because increases in
R&D investment among firms led by busi-
ness—educated CEOs

should not be interpreted simply as the re-

under overvaluation
sult of improved financing capacity. They
may also reflect responses to market expect-
ations that become more salient in short-ho-
rizon investor environments. This does not
imply that R&D investment under over-
valuation is necessarily inefficient or val-
ue-destroying. Rather, it suggests that such
investment should be interpreted in relation
to the valuation environment and investor
horizon in which it occurs.

The findings further suggest that invest-
ors, boards, and innovation evaluators
should look beyond the amount of R&D
spending. Investors and analysts should con-
sider whether R&D increases among over-
valued firms reflect sustained innovation
plans or market-responsive behavior. Boards

should assess the continuity and techno-

2000

logical rationale of R&D projects, rather

than focusing only on the amount of
spending. More broadly, innovation evalua-
tion frameworks should distinguish between
R&D investment driven by long-term tech-
nological objectives and R&D investment in-

duced by market pressure.

5.2 Limitations and Future Research

This study has several limitations that
provide opportunities for future research.
First, the analysis focuses on R&D invest-
ment rather than innovation outcomes or in-
novation quality. Although the results show
that business-educated CEOs increase R&D
investment when firms are overvalued, this
study does not directly examine whether
such investment leads to greater innovation
output, higher-quality innovation, greater
R&D efficiency, or long-term firm value.
This limitation is important because R&D
spending captures resource commitment, but
not necessarily the economic or technological
value generated by that commitment. Future
research could examine whether the R&D
increases documented in this study translate
into patents, citation-weighted innovation
outcomes, R&D efficiency, or subsequent firm
performance.

A further limitation relates to the meas-
urement of stock overvaluation. This study

relies primarily on the misvaluation decom-
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position approach of Rhodes-Kropf et al.
(2005) to identify firm-specific overvaluation.
Although this approach is widely used and
allows us to separate firm-specific valuation
deviations from broader valuation compo-
nents, overvaluation can also be measured
using alternative frameworks, such as re-
sidual income models, fundamental cash-flow-
based valuation measures, or forecast-based
intrinsic value estimates (e.g., Bonaimé et
al., 2014:; Dong et al., 2021: Jin, 2022;
Shen et al., 2021). Due to data limitations,
this study does not fully examine whether
the results hold across these alternative
measures. Future research could use richer
valuation data to test whether the reversal
pattern documented in this study is robust
across different approaches to measuring
stock overvaluation.

Finally, although this study conducts sev—
eral analyses to mitigate endogeneity con-
cerns, including dynamic panel estimation,
instrumental variable estimation, and pro-
pensity score matching, the findings should
be interpreted cautiously in causal terms.
CEO appointment decisions, valuation con-
ditions, and R&D investment may still be
jointly influenced by unobservable firm char-
acteristics or market expectations. In addi-
tion, the mechanism tests provide evidence
consistent with the catering mechanism, but
they do not directly observe managerial in-

tentions or the specific expectations imposed
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by investors. Future research could use
exogenous shocks to valuation conditions,
investor horizons, or CEO appointments to
provide sharper causal evidence. Future re-
search could also use textual disclosures,
conference calls, or R&D project-level in-
formation to examine more directly how
CEOs justify R&D investment decisions un-

der stock overvaluation.
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Appendix
(Table A1) Variable definitions
Variables Definitions
Panel A: Variables used in the baseline regression
RDI R&D intensity. Total R&D expenditures divided by total sales.
CEO business educational background. Indicator variable equal to one if the CEO holds at
BUSINESS least one bachelors, masters, or doctoral degree in a business-related field, and zero
otherwise.
Stock overvaluation. Indicator variable equal to one if the firm-year observation belongs to
OVER the highest tercile of the annual distribution of firm-specific misvaluation, and zero
otherwise.
CEOAGE CEO age. Natural logarithm of CEO age.
CEOOWN CEO ownership. Proportion of shares owned by the CEO.
FIRMSIZE Firm size. Natural logarithm of total assets.
FIRMAGE Firm age. Natural logarithm of firm age.
ROA }I)%eturn on assets. Earnings before interest, taxes, depreciation, and amortization divided
y total assets.
LEV Leverage. Total debt divided by total assets.
TANG Asset tangibility. Tangible assets divided by total assets.
CASH Cash holdings. Cash and cash equivalents divided by total assets.
CAPEX Capital expenditures. Capital expenditures divided by total assets.
GROWTH Sales growth. Annual growth rate of total sales.
FOR Foreign ownership. Proportion of shares owned by foreign investors.
LARGE Large shareholder ownership. Proportion of shares owned by the largest shareholder and

related parties.

Panel B: Variables used in additional tests

RDA Total R&D expenditures divided by lagged total assets.

LnRD Natural logarithm of total R&D expenditures.

BUS IND Proportion of CEOs with business educational backgrounds in the same two-digit KSIC in-

= dustry-year, excluding the focal firm.

Net equity issuance scaled by total assets. Net equity issuance is calculated as cash pro-

EQUITY ceeds from seasoned equity offerings plus proceeds from the disposal of treasury shares,
minus cash outflows associated with equity redemption and the acquisition of treasury
shares.

Modified KZ Modified KZ index following Baker et al. (2003), calculated after excluding Tobin's Q from
the conventional K7 index.

Turnover Average monthly ratio of shares traded to shares outstanding over the fiscal year.

OWNERCEO Indicator variable equal to one if the CEO is identified as the largest shareholder or a re-
lated party of the largest shareholder, and zero otherwise.

CHAEBOL Indicator variable equal to one if the firm belongs to a designated business group, and zero
otherwise.
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(Table A2) Subsample tests by valuation status
This table reports subsample regression results by valuation status.

Firms are classified into

undervalued, fairly valued, and overvalued groups based on the annual terciles of firm-specific
misvaluation. BUSINESS is an indicator variable equal to one if the CEO has a business educational
background, and zero otherwise. Definitions of the remaining variables are provided in Table Al.
Values in parentheses are t-statistics based on standard errors clustered at the firm level. *,

*** indicate statistical significance at the 10%, 5%, and 1% levels, respectively.

and

(N (2) (3)
Undervalued firms Fairly valued firms Overvalued firms

BUSINESS Beb) i) (59
Controls and constant Yes Yes Yes
Firm FE Yes Yes Yes
Year FE Yes Yes Yes
Observations 7,211 7,205 7,202
Within R? 0.205 0.194 0.197
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(Table A3) Matching quality based on covariate balance

This table reports matching quality based on covariate balance for the propensity score matching
analyses. Panel A reports the balance test for matching based on CEO business educational background.
The treated group consists of firm-year observations led by CEOs with business educational
backgrounds, and the control group consists of firm-year observations led by CEOs without such
backgrounds. Panel B reports the balance test for matching based on stock overvaluation. The treated
group consists of overvalued firm-year observations, and the control group consists of non-overvalued
firm-year observations. Diff denotes the difference in covariate means between treated and control
observations. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels,
respectively.

Before matching After matching

Treated Control Diff. Treated Control Diff.
Panel A: Matching based on CEO business educational background
CEOAGE 4.037 4.007 0.030° 4.037 4.030 0.007
CEOOWN 0.025 0.024 0.001 0.025 0.024 0.001
FIRMSIZE 25.749 26.410 -0.661" 25.748 25.772 —0.024
FIRMAGE 3.126 3.332 —0.206" 3.132 3.122 0.010
ROA 0.015 0.032 -0.017" 0.015 0.014 0.001
LEV 0.405 0.431 —0.026" 0.404 0.407 —-0.003
TANG 0.253 0.324 -0.071" 0.253 0.251 0.002
CASH 0.125 0.099 0.026" 0.125 0.120 0.004
CAPEX 0.039 0.044 —0.005 0.038 0.037 0.001
GROWTH 0.136 0.108 0.028" 0.136 0.145 -0.008
FOR 0.051 0.072 -0.021" 0.050 0.054 —0.004
LARGE 0.376 0.415 —0.039" 0.377 0.370 0.008
Observations 9,566 12,052 9,560 9,560
Panel B: Matching based on stock overvaluation
CEOAGE 4.060 4.000 0.060" 4.059 4.049 0.010
CEOOWN 0.025 0.024 0.001 0.025 0.024 0.001
FIRMSIZE 26.380 25.985 0.395" 26.380 26.408 -0.028
FIRMAGE 3.181 3.271 —0.090" 3.180 3.175 0.005
ROA 0.026 0.024 0.002 0.026 0.023 0.003
LEV 0.521 0.369 0.152" 0.521 0.521 0.000
TANG 0.303 0.288 0.015" 0.302 0.300 0.002
CASH 0.105 0.112 ~0.007 0.105 0.106 —0.001
CAPEX 0.050 0.038 0.012" 0.050 0.051 -0.001
GROWTH 0.172 0.095 0.077" 0.173 0.179 —0.006
FOR 0.075 0.057 0.018" 0.075 0.076 —0.001
LARGE 0.378 0.408 —0.030" 0.377 0.378 -0.001
Observations 7,202 14,416 7,185 7,185
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(Table A4) Additional analysis of the equity-financing mechanism

This table reports additional analyses of the equity-financing mechanism. Column (1) examines
whether business-educated CEOs are more likely to issue equity when firms are overvalued. Column (2)
additionally includes EQUITY to examine whether equity issuance is associated with subsequent R&D
investment. Definitions of the remaining variables are provided in Table Al. Values in parentheses are
t-statistics based on standard errors clustered at the firm level. The row "B + 3 reports the estimated
sum of the coefficients on BUSINESS and BUSINESS x OVER. The value in parentheses for this row is
the t-statistic from testing the null hypothesis that & + B = 0. *, **, and *** indicate statistical
significance at the 10%, 5%, and 1% levels, respectively.

(1) (2)
EQUITY RDI+1 (%)
0.010 —0.470
BUSINESS B (0.77). (—2.33)
0.043 0.965
OVER & (4.92). (4.52).
BUSINESS x OVER 3 093l %9
—-0.011"" —0.440°
CEOAGE 7 (—2.66) (-1.93)
—0.021 0.205
CEOOWN ¥ (—2.05) (2.26)
FIRMSIZE e O %%,
—0.008" -1.267"
FIRMAGE Y (—=2.11). (=7.59)
—0.255 9.150
koA i (~10.15) (9.81)
—0.030 —5.822
LEV ¥ (—6.29). (—5.15)
—0.060 0.975
TANG ¥ (—5.40) (1.17)
0.008 2.244
cASH % (0.80) (i.76)
0.070 —5.315
CAPEX b (1.83) (=3.70)
0.066 0.736
GROWTH Y0 (5.50) (3.50)
—0.045 1.544
FOR i (~4.10) (1.34)
—0.015 —4.111
LARGE ¥i2 (—9.15) (=7.20)
EQUITY z 6%
0.188" —0.322"
Constant a (6.44) (—2.40)
Firm FE Yes Yes
Year FE Yes Yes
Observations 21,618 21,618
Within R? 0.108 0.256
G+ B 0.050 0.300
(t-statistics) (1.78) (2.49)
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