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Cash is an important strategic asset for firms and scholars have a longstanding interest in the
optimum level of a firm’s cash holdings. In this study, we revisit the relationship between cash
holdings and firm value by conducting a re-examination of Kim and Bettis, who hypothesized
and found positive but decreasing marginal returns of cash. We argue and demonstrate that
the regression model configuration of Kim and Bettis leads to distorted regression results.
Once we adjust their regression model configuration, our results show that the benefits of
cash do not diminish but instead increase with increasing cash holdings. In further analyses,
we find indicative evidence that these results may be driven by firms with very high investment
opportunities. We also employ a larger sample over a longer period of time to corroborate
the time generalizability of our findings, we perform several checks to establish their robustness,
and we discuss their theoretical implications.

Keywords: Cash; firm value; firm performance; Tobin’s q; replication

Acknowledgements: The authors gratefully acknowledge helpful and encouraging comments by Changhyun Kim. The
authors also acknowledge helpful comments by Garen Markarian and Hrvoje Kurtovic.

MHT and CJ contributed equally to this article.

Corresponding Author: Maximilian H. Theissen, Department of Business and Economics, TU Dortmund University,
Otto-Hahn-Str. 4, 44227 Dortmund, Germany.

Email: maximilian.theissen@tu-dortmund.de

260


https://orcid.org/0000-0002-9432-2259
https://orcid.org/0000-0002-7250-836X
https://orcid.org/0000-0003-2642-3565
mailto:maximilian.theissen@tu-dortmund.de
https://doi.org/10.1177/27550311231187318
https://us.sagepub.com/en-us/journals-permissions
http://crossmark.crossref.org/dialog/?doi=10.1177%2F27550311231187318&domain=pdf&date_stamp=2023-08-29

Theissen et al. / Cash holdings and firm value 261

Introduction

Cash has become a major asset for firms (Bates, Kahle, & Stulz, 2009). In fact, firms’
cash-to-assets ratios have grown substantially over recent decades. Bates et al. (2009)
reported that the average cash ratio in their sample increased from about 10% in 1980 to
about 23% in 2006. This means that the average firm in 2006 could retire all of its debt obli-
gations with its cash holdings (Bates et al., 2009: 1985). Headed by large technology compa-
nies like Apple, Alphabet, and Microsoft, S&P 500 companies in early 2022 had enough cash
to give more than $8,000 to every person in the United States (Krantz, 2022). In fact, Apple
alone reported having more than $200 billion in cash and investments. To put this number
into perspective it is helpful to recall that this is almost the GDP of Greece (World Bank,
2023). This “massive cash pile” that such companies are “sitting on” has also been on the
minds of investors who frequently call for dividends and stock buybacks (Krantz, 2022).

Given this prominence of cash, and strategy scholars’ fundamental interest in firm perfor-
mance, it is not surprising that there has long been an interest in the relationship between cash
holdings and firm value (e.g., Mikkelson & Partch, 2003). The cash—performance relationship
is especially intriguing as the optimum level of a firm’s cash holdings represents a theoretical
conundrum (George, 2005). On the one hand, agency theory highlights the costs of large cash
holdings such as giving rein to managers’ self-serving tendencies (Jensen, 1986). Large cash
holdings reduce resource constraints and agency theory posits that large cash holdings there-
fore give managers the discretion to use corporate resources ineffectively (see George, 2005).
In case of large cash holdings, managers are no longer forced to be resourceful, for example,
not taking burdensome actions of bootstrapping, which causes allocative efficiency to dete-
riorate. On the other hand, the behavioral theory of the firm highlights the benefits of large
cash holdings for resolving latent intra-organizational conflicts (Cyert & March, 1963). For
instance, large cash holdings may allow opposing parties inside a firm to coexist harmoni-
ously by pursuing their own ideas and projects (see George, 2005). Large cash holdings
relax internal controls and thereby also create funds that allow for an environment of innova-
tion, in which projects with uncertain outcomes are acceptable.

Consequently, scholars have empirically examined the effect of cash on firm performance
(e.g., Oler & Picconi, 2014) and interactions with factors such as governance (e.g., Pinkowitz,
Stulz, & Williamson, 2006), accounting practices (e.g., Louis, Sun, & Urcan, 2012), or com-
petition (e.g., Fresard, 2010). Depending on such factors, cash holdings can be positively
related, unrelated, or negatively related to firm value (e.g., Frésard & Salva, 2010;
Kalcheva & Lins, 2007).

Notably, Kim and Bettis (2014) conducted a particularly influential study on the subject.
They theorized and concluded from their empirical analysis that (a) the cash—performance
relationship “takes the form of a quadratic function with a positive original term and a neg-
ative squared term,” that is, an inverted U-shape, and that (b) the “interaction of cash holdings
with firm size is positively related to firm value” (Kim & Bettis, 2014: 2056, 2057). Their
research has been impactful (e.g., Deb, David, & O’Brien, 2017; Vanacker, Collewaert, &
Zahra, 2017) and practically and theoretically important as their results call for large cash
holdings, challenging the predictions of agency theory.

However, beyond the fact that every study that was worth doing in the first place is worth
to be re-examined (Bettis, Ethiraj, Gambardella, Helfat, & Mitchell, 2016a; Bettis, Helfat, &
Shaver, 2016b), there are several reasons that warrant a re-examination of this seminal study.
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First, the study’s sampling frame ranges from 1988 to 2009, so one may question the gener-
alizability of the results to the present day, especially against the backdrop of today’s firms
holding larger amounts of cash than ever. Second, and more importantly, we propose that
the regression model configuration which Kim and Bettis (2014) used to test their two hypoth-
eses can lead to distorted results. Due to their chosen measurement of the dependent variable
(i.e., Tobin’s q), the independent variable’s numerator (i.e., cash and short-term investments)
is part of the dependent variable’s numerator (i.e., market value of the firm) and denominator
(i.e., total assets). A change in the independent variable’s numerator can therefore unintend-
edly affect the dependent variable, which makes their regression model configuration prone to
spurious effects. Finally, Kim and Bettis (2014) did not differentiate between firms with dif-
ferent investment opportunities in their testing of the cash—performance relationship. This
potentially obscures useful insights because the benefits of cash may materialize differently
depending on the investment opportunities available to a firm. After all, only if a firm pos-
sesses valuable investment opportunities in the first place can cash enable the firm to seize
opportunities and implement value-creating projects swiftly. Hence, only a high level of
investment opportunities may allow adaptive benefits of cash to fully unfold. In sum, these
concerns prevent us from being unreservedly confident in the findings on the cash—perfor-
mance relationship by Kim and Bettis (2014).

In this article, we therefore examine the robustness and generalizability of the results of
Kim and Bettis (2014) with respect to the hypothesized relationships between cash holdings,
size, and firm value. We do so in four steps. Following recommended re-examination proce-
dures (Ethiraj, Gambardella, & Helfat, 2016), we start with a literal (i.e., narrow) reproduction
(Ko6hler & Cortina, 2023). We then alter Kim and Bettis’ (2014) measurement of the depen-
dent variable (i.e., Tobin’s q) to allow for undistorted regression results. Next, we check our
inferences by examining how generalizable they are across time (Zhao & Murrell, 2016). We
employ a sample that includes the observations of Kim and Bettis (2014) and extends their
time frame. Compared to Kim and Bettis (2014), our sample size is up to 38% larger,
adding over 24,000 firm-year observations. Thereupon, we perform a sample split (Aouadi
& Marsat, 2018; see Hansen, 2000) to separately examine the cash—performance relationship
for firms with low investment opportunities, firms with moderately high investment opportu-
nities, and firms with very high investment opportunities. After this four-step re-examination,
we provide further robustness checks.

Like O’Brien and Folta (2009) as well as Kim and Bettis (2014), we find a positive cash—
performance relationship. But in contrast to Kim and Bettis (2014), we observe increasing
marginal returns when analyzing our entire sample. In more fine-grained analyses, our
results provide initial evidence that the cash—performance relationship Kim and Bettis
(2014) reported (i.e., an inverted U-shape with a turning point at a high cash level) may
only hold for firms with moderately high investment opportunities. For firms with low invest-
ment opportunities, we find an inverted U-shape with a turning point at a low cash level. For
firms with very high investment opportunities, however, we find a U-shaped (i.e., positive
squared term) relationship between cash holdings and firm value. Instead of decreasing mar-
ginal returns of cash, as hypothesized and reported by Kim and Bettis (2014), we thus find
increasing marginal returns of cash for these kinds of opportunity-rich firms. Finally, our
results provide support for Kim and Bettis’ (2014) hypothesized positive cash—size interac-
tion effect.
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We contribute to the discussion on the theoretically important and practically relevant rela-
tionship between cash holdings and firm value by refining methodology and offering addi-
tional empirical evidence (Ethiraj et al., 2016). Our results suggest that large cash holdings
create costs, as put forth by agency theory (Jensen, 1986), and yield benefits, as proposed
by the behavioral theory of the firm (Cyert & March, 1963). Importantly, such benefits
may materialize differently for firms depending on the investment opportunities available
to them. Cash holdings beyond the level that a firm needs to meet its transaction needs
hardly yield any benefits for firms with low investment opportunities. Hence, the costs of
large cash holdings tend to dominate for such firms. Firms with low investment opportunities
might do best if they focus on their deployed assets, distribute excess cash to shareholders,
and develop new investment opportunities. The higher the investment opportunities available
to a firm, the more the benefits of large cash holdings unfold. In these cases, investors appear
to value the buffer and option qualities of large cash holdings, and thus their favorable effect
on firms’ abilities to fully reap current and future investment opportunities. This occurs to an
extent such that the benefits of large cash holdings tend to dominate for firms with high invest-
ment opportunities. Our research, therefore, helps to clarify the interplay between the opposite
effects proposed by agency theory and the behavioral theory of the firm regarding the optimal
level of a firm’s cash holdings.

Theoretical background

The appropriate level of a firm’s cash holdings is subject to a theoretical trade-off.
Specifically, agency theory (e.g., Jensen, 1986) and the behavioral theory of the firm (e.g.,
Cyert & March, 1963) assess the costs and benefits of holding cash differently. While clas-
sical economic and behavioral approaches are not mutually exclusive (Levinthal, 2011),
these two theory streams reach different conclusions when it comes to determining the appro-
priate level of a firm’s cash holdings. Drawing on Kim and Bettis (2014: 2054-2055), we
outline their stances on the appropriate level of a firm’s cash holdings in the following.

From an agency theory point of view, it is appropriate to hold just enough cash to meet
transaction needs. The only benefit of holding cash is seen as facilitating required cash pay-
ments in a smooth way. Holding more cash than necessary to meet transaction needs is seen as
financially wasteful as cash on a firm’s bank account yields relatively low returns and incurs
substantial opportunity costs because it is not being deployed to financially lucrative invest-
ments either inside or outside the firm. Excess cash is seen as a symptom of managerial inef-
ficiency and/or self-serving behavior, which reduces shareholder wealth (Jensen, 1986).
Thus, large cash holdings are seen as poor corporate governance. If excess cash exists, it
should be either invested in value-creating projects, that is, projects that have “positive net
present values when discounted at the relevant cost of capital” (Jensen, 1986: 323), inside
the firm or paid to shareholders by means of dividends and/or share repurchases such that
it can be invested in value-creating projects outside the firm.

From a behavioral theory of the firm point of view, it can be appropriate to hold more cash
than is necessary to meet transaction needs because cash is a type of slack. Such slack allows
firms to adapt (see Cyert & March, 1963) because it helps firms to resolve internal conflicts
and to hedge external uncertainty by means of side-payments, that is, payments compensating
specific negative effects. Cash can function as a buffer in these cases. For example, firms
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pursuing a strategy of innovation typically face higher uncertainty causing a greater need for
internal buffers and such firms will therefore benefit especially from financial slack (O’Brien,
2003). Similarly, the buffering quality of cash can foster creativity and even fortuitous discov-
eries and inventions because it reduces constraints and allows for experimentation. Large cash
holdings can also buffer against economic downturns and provide the flexibility to make
long-term investments. Finally, excess cash helps to overcome the tendencies of risk-averse
managers who allocate too little resources to uncertain but valuable projects. Cash as a buffer
in case of failure motivates risk-taking (Jeffrey, Onay, & Larrick, 2010) and thereby prevents
managers’ risk-aversion from hurting firm performance because it counteracts the negative
effects of managerial risk-aversion on firm innovation.

Combining these two points of view, we see that there exist two countervailing forces that
jointly shape the cash—performance relationship. While agency theory highlights the costs of
large cash holdings such as giving rein to managers’ self-serving tendencies (Jensen, 1986),
the behavioral theory of the firm highlights the benefits of large cash holdings such as resolv-
ing latent intra-organizational conflicts (Cyert & March, 1963).

Building on these two theoretical perspectives, Kim and Bettis (2014: 2055) argued for (a)
linearly increasing opportunity costs of cash once a firm’s cash holdings go beyond the cash
level necessary to meet transactional needs and (b) asymptotically increasing adaptive bene-
fits of cash. As a result, Kim and Bettis (2014: 2056) derived their first hypothesis:

Hypothesis 1: “The relationship between cash holdings and firm value takes the form of a quadratic
function with a positive original term and a negative squared term.”

In addition to theorizing this inverse U-shaped relationship, Kim and Bettis (2014: 2056—
2057) further hypothesized that firm size moderates the effect of cash holdings on firm per-
formance. Building on the concept of scale economies of cash based on the premise that large
firms have certain competitive advantages over small firms regarding competitive deterrence
(e.g., Caves & Porter, 1977), Kim and Bettis (2014) argued that firm size will positively
moderate the cash—performance relationship. The key idea is that, if a large and a small
firm both hold the identical proportion of their assets in cash, the larger firm will have
higher absolute cash holdings than the smaller firm. Assuming that (a) strategic deterrence
is one of the benefits of holding cash and that (b) strategic deterrence is amplified by an
incumbent’s absolute investment power, such higher absolute cash holdings then allow
the larger firm to more effectively deter known and unknown (potential) competitors by
increasing their uncertainty of success and lowering their expected returns. Larger absolute
cash holdings would then indeed present a more credible threat to competitors. In other
words, competitive deterrence is seen as exhibiting absolute scale economies (e.g., launching
future advertising campaigns). As a result, Kim and Bettis (2014: 2057) derived their second
and final hypothesis:

Hypothesis 2: “The interaction of cash holdings with firm size is positively related to firm value.”

Four-step re-examination

In this section, we examine the robustness and generalizability of the results of Kim and
Bettis (2014) with respect to the hypothesized relationships between cash holdings, size, and
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firm value. Our re-examination comprises four steps. We start with a literal reproduction. We
then alter Kim and Bettis’ (2014) measurement of the dependent variable (i.e., Tobin’s q).
Next, we check our inferences by examining how generalizable they are across time.
Thereupon, we perform a sample split to separately examine the cash—performance relation-
ship for firms with low, moderately high, and very high investment opportunities. We
describe the methods and results of each step in the following.

Literal reproduction (step 1)

Following recommended re-examination procedures (Bettis et al., 2016b; Ethiraj et al.,
2016), we start with a literal, also called narrow or direct, reproduction (Koéhler & Cortina,
2023). This reproduction matches the empirical setting and research design of Kim and
Bettis (2014) as closely as possible, to calibrate our procedure with their original study.

Methods. Following the original study, we use the CRSP-COMPUSTAT merged data-
base to build the first sample, which includes firm-year observations from 1988 to 2009
(Kim & Bettis, 2014: 2057). We measure all variables following Kim and Bettis (2014:
2058, 2059). Regarding the dependent variable, Tobin’s q is measured as the market value
of the firm—that is, “the sum of calendar-year end values of the firm’s common stock
(PRCC_C x CSHO), market value of the firm’s preferred stock (PSTK), book value of the
firm’s long-term debt (DLTT), and book value of the firm’s short-term debt with a maturity
less than 1 (DD1)”—divided by total assets (AT) (Kim & Bettis, 2014: 2058). Regarding the
explanatory variables, cash stock is measured as cash holdings, that is, cash and short-term
investments (CHE), divided by total assets (AT), and firm size is measured as the natural log-
arithm of the number of total employees (in thousands) (Kim & Bettis, 2014: 2058, 2059).
Regarding the measurement of the additional control variables, we follow Kim and Bettis
(2014: 2059) and “take year fixed effects to account for unobservable macroeconomics
effects [and] control for industry fixed effects by using three-digit SIC codes.” In terms of
statistical methods, we follow the original study, which detects first-order autocorrelation
in the data, and hence use the Prais and Winsten (1954) approach with robust standard
errors. In terms of statistical software, we use Stata 15.1.

Results. When we first estimated the regression models with the specifications described
above, we, like Kim and Bettis (2014), found support for hypothesis 1. For hypothesis 2,
however, we obtained an interaction effect between cash and size that was materially different
from the result they reported. We suspected that outliers in the sample caused the deviation in
the result because the specifications that Kim and Bettis (2014) used in their main regression
models did not fully control for the (potential) confounding effects of outliers (see their
Footnote 4). Therefore, we winsorized the dependent variable, that is, Tobin’s q, and the
two explanatory variables, that is, cash and size, at the bottom 1% and top 1% level (e.g.,
Flammer & Kacperczyk, 2019; Shan, Fu, & Zheng, 2017). Table 1 provides the descriptive
statistics and the correlation matrix for the variables in our re-examination samples.' Panel A
of Table 1 reports the sample using the time period of Kim and Bettis (2014). Panel B of
Table 1 reports the sample using our longer time period which is later used in step 3.
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Table 2 provides the step 1 re-examination results of the four nested regression models of
Kim and Bettis (2014: 2060, 2061) alongside their original results: model (1) contains only
control variables. Model (2) adds cash. Model (3) adds cash squared to test hypothesis
1. Model (4.1) adds the interaction term between cash and size to test hypothesis 2. On top
of that, model (4.2) follows Kim and Bettis (2014: 2061) who explain that they “also
checked the interaction between size and cash squared,” and thus adds the corresponding
interaction term (see Haans, Pieters, & He, 2016).

Our results using the winsorization described above fully reproduce the results of Kim and
Bettis (2014) (diagram (a) of Figure 1). The cash coefficient is positive and statistically sig-
nificant (p =.000) in models (2) to (4.1). The cash squared coefficient is negative and statisti-
cally significant (p = .000) in models (3) and (4.1). The interaction term between cash and size
in model (4.1) is positive and statistically significant (p =.045). On top of that, the interaction
term between cash squared and size in model (4.2) is positive and statistically significant
(p=.000).

Quasi-reproduction: Altered measurement of the dependent variable (step 2)

Building on our literal reproduction of Kim and Bettis (2014), we now alter their measure-
ment of the dependent variable (i.e., Tobin’s q) to obtain undistorted regression results.
Following recommended re-examination procedures (Bettis et al., 2016b; Ethiraj et al.,
2016), we leave everything else unchanged to clearly isolate the source of potential differ-
ences in results.

Tobin’s q is the ratio of the market value of a firm’s capital stock to its replacement costs.
The classic g-theory of investment (Hayashi, 1982; Tobin, 1969) predicts that Tobin’s q “per-
fectly summarizes a firm’s investment opportunities” (Peters & Taylor, 2017: 252). In terms
of measurement, Erickson and Whited (2000,: 1029) noted that while Tobin’s q is observable
in principle, “in practice its measurement presents numerous difficulties.” Several—often
highly correlated (e.g., Chung & Pruitt, 1994)—measures of Tobin’s q have therefore
evolved (see Erickson & Whited, 2006). Notably, a specific Tobin’s q measure may be suit-
able in one research setting but unsuited in another (see Erickson & Whited, 2006).

The measurement of Tobin’s q in Kim and Bettis’ (2014) research setting warrants partic-
ular attention. Tobin’s q is neither a pure accounting measure, such as return on assets, nor a
pure financial market measure, such as total shareholder return, but a hybrid measure of firm
performance (Richard, Devinney, Yip, & Johnson, 2009). While estimating its numerator
(i.e., market value of a firm’s capital stock) combines accounting and financial market
data, estimating its denominator (i.e., replacement value of the firm’s capital stock) relies
on accounting data alone. Because the focal explanatory construct of Kim and Bettis
(2014), that is, cash holdings, is itself a balance sheet item, there is the hazard of a problematic
mathematical interrelation between cash holdings and Tobin’s q in a regression model.
Whether this problematic possibility materializes depends on the specific measurement of
Tobin’s q.

Bearing in mind that the overall research interest is in changes in cash holdings, it is
helpful to emphasize that the following relationships hold by definition: All other assets
being equal, an increase (a decrease) in cash holdings causes an identical increase (decrease)
in total assets. Furthermore, all other assets being equal, an increase (a decrease) in cash
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Figure 1
Re-examination results

Value of the Firm

_ . Adaptive Benefits of Cash

-7 Total Value

Level of Cash

Value of the Firm

Opportunity Cost of Cash
Valid Data Range

(2)

Adaptive Benefits of Cash
1

Total Value

Level of Cash

Value of the Firm

Opportunity Cost of Cash

Valid Data Range

(b)

Total Value (very high-q firms)

Total Value (moderately high-q firms)

Level of Cash

Total Value (low-q firms)
Valid Data Range

©




Theissen et al. / Cash holdings and firm value 275

holdings causes an identical increase (decrease) in the firm’s market value coupled with an
adjustment by shareholders. Due to Kim and Bettis’ (2014) chosen measurement of
Tobin’s q, cash holdings are not only part of their independent variable, but also part of
their dependent variable’s numerator (i.e., a firm’s market value) and denominator (i.e.,
total assets). We can now demonstrate how a change in the independent variable’s numerator
(i.e., cash holdings) unintendedly affects the dependent variable’s quotient. It is an algebraic
rule that adding a positive number to both the numerator and denominator of a positive quo-
tient causes the resulting quotient to be closer to 1 than is the starting quotient. Two inferences
follow from this rule. First, adding a positive number ¢ to a and b of a starting quotient § that is
greater than 1 causes the resulting quotient Z—i? to be smaller than the starting quotient: % <%
Second, adding a positive number ¢ to d and e of a starting quotient % that is <1 causes the
resulting quotient 42 to be greater than the starting quotient: << > <,

In the light of this algebra, the following two cases illustrate how the Tobin’s q measure
chosen by Kim and Bettis (2014) distorts their regression results. In both cases, a firm with
initial total assets (AT) of $1,000 m raises $200 m ($100 m long-term debt and $100 m
common stock) to increase its cash holdings, leaving all other decisions unchanged.? The
capital market will incorporate this information and the firm’s share price will adjust accord-
ingly (see Malkiel, 2003).> The firm’s book value leverage ratio (LR) of 50% remains
unchanged.

Case I: The firm’s initial Tobin’s q is 0.80. Thus, the market value of the firm is $800 m. The
firm’s initial common stock (PRCC_C x CSHO) is $300 m. We further assume that the capital
market disapproves of the firm’s decision to raise the additional $200 m, resulting in a 5%
drop in the share price. How does the firm’s Tobin’s q change? The book value of long-term
debt (DLTT) increases to $600 m ($500 m+$100 m). The market value of common stock
increases only to $385 m ($300 m — $15 m+$100 m). Total assets increase to $1,200 m
($1,000 m+$200 m). The firm’s new Tobin’s q is 0.82 ([$385 m+ $600 m] / $1,200 m).
Following Kim and Bettis’ (2014) measurement, the firm’s Tobin’s q therefore increases from
0.80 to 0.82. In sum, Tobin’s q increases by 2.60%, although the share price decreased by
5%. While this positive change in Tobin’s q is mathematically correct, it does not reflect the neg-
ative change in firm value. Here, the Tobin’s q measure chosen by Kim and Bettis (2014) over-
estimates the performance effect of increased cash holdings.

Case 2: The firm’s initial Tobin’s q is 1.40. Thus, the market value of the firm is $1,400 m. The
firm’s initial common stock is $900 m. We further assume that this time the capital market
approves of the firm’s decision to raise the additional $200 m, resulting in a 5% rise in the
share price. How does the firm’s Tobin’s q change? The book value of long-term debt again
increases to $600 m. The market value of common stock increases to $1,045 m (§900 m + $45
m+$100 m). Total assets again increase to $1,200 m. The firm’s new Tobin’s q is 1.37
([$1,045 m+ $600 m] / $1,200 m). Following Kim and Bettis’ (2014) measurement, the firm’s
Tobin’s q therefore decreases from 1.40 to 1.37. In sum, Tobin’s q decreases by 2.08%, although
the share price increased by 5%. While this negative change in Tobin’s q is mathematically
correct, it does not reflect the positive change in firm value. Here, the Tobin’s q measure
chosen by Kim and Bettis (2014) underestimates the performance effect of increased cash
holdings.
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We can infer from both cases that the Tobin’s q measure chosen by Kim and Bettis (2014)
reflects changes in firm value caused by changes in cash holdings in a distorted manner. It is
important to remember the algebraic rule introduced earlier: adding a positive number to the
numerator and denominator of a positive quotient causes the resulting quotient to be closer to
1 than is the starting quotient. As a consequence, the Tobin’s q measure chosen by Kim and
Bettis (2014) overestimates (underestimates) the performance effect of increased cash hold-
ings if Tobin’s q is below (above) 1. Their regression model configuration is, thus, prone to
spurious effects causing systematically distorted regression results. In sum, while Kim and
Bettis’ (2014) Tobin’s q measure itself is not flawed, its use in the context of their study is
problematic.

A Tobin’s q measure that does not include cash holdings in the numerator and denominator
will eliminate the spurious effects explicated above, because changes in the independent var-
iable’s numerator (i.e., cash holdings) will no longer unintendedly affect the dependent var-
iable’s quotient. Therefore, a Tobin’s q measure that does not include cash holdings in the
numerator and denominator is appropriate. For the purpose of clarification, the market
value of cash holdings consists of these cash holdings (which are accounting data and
found in the balance sheet) plus an adjustment by the capital market that can be positive or
negative. Shareholders may favor relatively low or relatively large cash holdings for specific
companies. The stock price will account for the market value of cash holdings. Hence, we are
able to infer the value that the stock market attributes to different cash holdings. Due to this
adjustment by the stock market, all other assets being equal, an increase (a decrease) in cash
holdings does not necessarily cause an identical increase (decrease) in the firm’s market
value. In contrast, all other assets being equal, an increase (a decrease) in cash holdings
always causes an identical increase (decrease) in total assets.

Methods. Just like previous research that has adjusted Tobin’s q (Erickson & Whited,
2012; Peters & Taylor, 2017), we now make use of an altered Tobin’s q measure that does
not include cash holdings in the numerator and denominator.*

In models (5) to (7.2), we alter Kim and Bettis’ (2014) measurement of Tobin’s q by sub-
tracting cash and short-term investments (CHE) from the numerator and denominator (see
Erickson & Whited, 2012: 1294). Tobin’s q is then calculated as the firm’s market value
minus cash holdings divided by firm’s total assets minus cash holdings. We label this alter-
native Tobin’s q measure Tobin’s q Alt_I. All other regression model specifications remain
unchanged.

Results. Panel A of Table 1 provides the descriptive statistics and the correlation matrix
for the variables in our step 2 re-examination sample. Table 3 provides the step 2
re-examination results of the three nested cash regression models of Kim and Bettis
(2014). Model (5) contains the control variables and cash. Model (6) adds cash squared to
test hypothesis 1. Model (7.1) adds the interaction term between cash and size to test hypoth-
esis 2. On top of that, model (7.2) adds again the interaction term between cash squared and
size (see Haans et al., 2016) to further check hypothesis 2.

Consistent with the original study, the cash coefficient is positive and statistically signifi-
cant (p =.000) in model (5). The cash coefficient is also positive and statistically significant
(p=.000) in model (6). In contrast to the original study, the cash squared coefficient is no
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Table 3

Regression results. Quasi-reproduction: Altered measurement of the dependent
variable (step 2)

Regression model ) (6) (7.1) (7.2)
Dependent Tobin’s q Alt_1
Controls
R&D 0.896 0.690 0.722 0.731
(0.268) (0.270) (0.270) (0.270)
[.001] [.011] [.007] [.007]
Advertising —-0.110 —-0.141 —0.132 —0.130
(0.539) (0.536) (0.536) (0.536)
[.839] [.793] [.806] [.809]
Capital expenditure 1.294 1.326 1.313 1.309
(0.129) (0.128) (0.127) (0.127)
[.000] [.000] [.000] [.000]
Growth 0.398 0.400 0.400 0.398
(0.029) (0.030) (0.030) (0.030)
[.000] [.000] [.000] [.000]
Cash flow (yearly) 0.126 0.081 0.075 0.076
(0.123) (0.132) (0.131) (0.132)
[.308] [.537] [.569] [.567]
Leverage 0.265 0.153 0.146 0.143
(0.124) (0.140) (0.139) (0.140)
[.033] [.273] [.296] [.308]
Absorbed (NWC) 0.226 0.197 0.202 0.193
(0.093) (0.099) (0.099) (0.099)
[.015] [.046] [.040] [.052]
Absorbed (SG&A) 0.002 0.002 0.002 0.002
(0.001) (0.001) (0.001) (0.001)
[.158] [.169] [.174] [.164]
Size® —-0.030 —-0.025 —0.043 —0.018
(0.008) (0.008) (0.009) (0.009)
[.000] [.001] [.000] [.039]
Explanatory
Cash 4.961 1.712 1.648 1.286
(0.129) (0.239) (0.242) (0.242)
[.000] [.000] [.000] [.000]
Cash squared 5.609 5.972 6.908
(0.454) (0.476) (0.519)
[.000] [.000] [.000]
Interaction
Cash X size 0.145 -0.316
(0.061) (0.116)
[.018] [.006]
Cash squared X size 0.894
(0.265)

(continued)



278 Journal of Management Scientific Reports / November 2023

Table 3 (continued)

Regression model 5) (6) (7.1) (7.2)
[.001]
Constant 0.861 1.068 1.088 1.094
(0.299) (0.296) 0.297) (0.299)
[.004] [.000] [.000] [.000]
F-value® 151.94 6.15 12.26
p-Value® .000 013 001
Observations 64,469 64,469 64,469 64,469
R-squared 0.227 0.234 0.235 0.236

() is the standard error of coefficient. Standard errors are robust to heteroskedasticity and autocorrelation. [] is the
p-value of coefficient.

Estimated coefficients for year and industry dummy variables are not reported.

“Natural logarithm of the number of total employees (in thousands).

bF—value/p—value in models (6), (7.1), and (7.2) are the value of cash squared, the interaction between cash and size,
and the interaction between cash squared and size against the prior model, respectively.

NWC: net working capital; SG&A: selling, general, and administrative expense.

longer negative but positive and strongly significant at 5.609 (p =.000) in model (6). Instead
of an inverted U-shape (i.e., negative squared term) as hypothesized by Kim and Bettis
(2014), we thus find a U-shaped (i.e., positive squared term) relationship between cash
stock and firm value (diagram (b) of Figure 1). As shown in panel A of Table 1, the correlation
between Tobin’s q Alt_1 and Tobin’s q K&B, which denotes the measure used by Kim and
Bettis (2014), is very high (»=.9362, p =.000). The fact that we find very different results for
the cash squared coefficient despite this very high correlation corroborates our argument that
the regression model configuration of Kim and Bettis (2014) is prone to spurious effects
causing systematically distorted regression results. In sum, hypothesis 1 of Kim and Bettis
(2014) is no longer supported.

With respect to hypothesis 2 of Kim and Bettis (2014), the interaction term between cash
and size in model (7.1) is again positive and statistically significant (p =.018). On top of that,
the interaction term between cash squared and size in model (7.2) is positive and statistically
significant (p =.001). Thus, hypothesis 2 of Kim and Bettis (2014) is supported. We obtain
similar results when approximating firm size via two alternative proxies, namely total assets
(log) and total revenues (log) (e.g., Josefy, Kuban, Ireland, & Hitt, 2015).

Quasi-replication: Extended sample period (step 3)

In our third step, we examine how generalizable our inferences from step 2 are in terms of
time (Zhao & Murrell, 2016). We now make use of a larger sample which includes the obser-
vations of Kim and Bettis (2014) and extends their time frame.

Methods. The sample period of Kim and Bettis (2014) ranges from 1988 to 2009, result-
ing in 63,103 firm-year observations. Our extended sample period using the Tobin’s q Alt_1
measure also starts in 1988 but ends only in 2019. Compared to models (5) to (7.2), our
extended sample period in models (8) to (10.2) results in a 35% larger sample, adding
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over 22,000 observations. All other regression model specifications in step 3 are kept
unchanged in comparison with step 2.

Results. Panel B of Table 1 provides the descriptive statistics and the correlation matrix
for the variables in our step 3 re-examination sample. Table 4 provides the step 3
re-examination results of the three nested cash regression models of Kim and Bettis
(2014). Model (8) contains the control variables and cash. Model (9) adds cash squared to
test hypothesis 1. Model (10.1) adds the interaction term between cash and size to test hypoth-
esis 2. Finally, model (10.2) adds the interaction term between cash squared and size (see
Haans et al., 2016) again to further check hypothesis 2.

There are no substantial differences in the results of models (8) to (10.2) compared to their
counterpart models in step 2. Hence, our step 3 re-examination results confirm our inferences
of step 2. While hypothesis 1 of Kim and Bettis (2014) is again no longer supported, their
hypothesis 2 remains supported in the extended sample period.

As in step 2, the coefficients of cash and cash squared in the step 3 regression model (9)
cause the function’s global minimum to be at a calculated cash stock below zero. As a firm’s
cash stock cannot be negative, each minimum is located outside the possible data range. From
a purely numerical point of view, more cash constantly drives firm value at increasing rates
for cash stocks between 0% and 100%. Note, however, that in our step 3 sample, 80% of the
firm-year observations have a cash stock between 0.77% and 39.35%. Therefore, from a prac-
tical point of view, we can only confidently conclude that more cash drives firm value at
increasing rates in this valid data range. In this regard, we concur with Kim and Bettis
(2014: 2056, 2060) that estimations “near the ends of the sample regarding cash holdings
have wide confidence intervals” and that estimations “are meaningless beyond what is justi-
fied by the presence of adequate data as we move toward extreme values.”

Quasi-replication: Split of sample (step 4)

In our final step, we address our third concern. Kim and Bettis (2014) did not specifically
explore the role of a firm’s available investment opportunities in their testing of the cash—per-
formance relationship. In other words, they did not differentiate between firms with low
investment opportunities and firms with high investment opportunities. Correspondingly,
our previous regression results with regard to hypothesis 1 of Kim and Bettis (2014) also
do not make this differentiation. In fact, this might explain our results in steps 2 and 3
with regard to hypothesis 1 of Kim and Bettis (2014), namely that we find the cash
squared coefficient to be no longer negative but positive and strongly significant (see
models (6) and (9)). This convex relationship between cash stock and firm value could, for
example, be driven by firms with very high investment opportunities.

We conjecture that the benefits of large cash holdings may largely rest on a firm’s level of
investment opportunities. Only if a firm possesses valuable investment opportunities can cash
unfold its quality of enabling a firm to seize value-creating projects and transitions swiftly.
Hence, only a high level of investment opportunities may fully facilitate the adaptive benefits
of cash put forth by Kim and Bettis (2014). Thus, the cash—performance relationship could
differ substantially for three types of firms, namely firms with low investment opportunities,
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Table 4

Regression results. Quasi-replication: Extended sample period (step 3)

Regression Model ®) ) (10.1) (10.2)
Dependent Tobin’s q Alt_1
Controls
R&D 0.915 0.721 0.766 0.775
(0.234) (0.235) (0.235) (0.235)
[.000] [.002] [.001] [.001]
Advertising 0.341 0.293 0.275 0.263
(0.488) (0.480) (0.479) (0.475)
[.485] [.542] [.566] [.580]
Capital expenditure 0.999 1.019 0.997 0.992
(0.128) (0.126) (0.126) (0.127)
[.000] [.000] [.000] [.000]
Growth 0.358 0.360 0.360 0.358
(0.024) (0.024) (0.024) (0.024)
[.000] [.000] [.000] [.000]
Cash flow (yearly) 0.083 0.047 0.037 0.039
(0.096) (0.101) (0.101) (0.101)
[.387] [.643] [.715] [.700]
Leverage 0.275 0.169 0.158 0.156
(0.103) (0.116) (0.115) 0.117)
[.007] [.144] [.171] [.180]
Absorbed (NWC) 0.178 0.147 0.155 0.144
(0.075) (0.080) (0.080) (0.080)
[.018] [.066] [.052] [.074]
Absorbed (SG&A) 0.001 0.001 0.001 0.001
(0.001) (0.001) (0.001) (0.001)
[.178] [.195] [.204] [.189]
Size® —-0.020 —-0.015 —0.044 —0.012
(0.007) (0.007) (0.008) (0.008)
[.004] [.030] [.000] [.119]
Explanatory
Cash 4.871 1.463 1.345 0.997
(0.107) (0.198) (0.200) (0.196)
[.000] [.000] [.000] [.000]
Cash squared 5.867 6.400 7.335
(0.384) (0.398) (0.410)
[.000] [.000] [.000]
Interaction
Cash x size 0.220 —0.333
(0.050) (0.095)
[.000] [.000]
Cash squared X size 1.051
(0.214)
[.000]

(continued)
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Table 4 (continued)

Regression Model ®) ) (10.1) (10.2)
Constant 0.685 0.895 0.926 0.929
(0.240) (0.237) (0.239) (0.240)
[.004] [.000] [.000] [.000]
F-value® 233.44 19.37 24.05
p-Value® .000 .000 .000
Observations 87,129 87,129 87,129 87,129
R-squared 0.225 0.233 0.234 0.235

() is the standard error of coefficient. Standard errors are robust to heteroskedasticity and autocorrelation. [] is the
p-value of coefficient.

Estimated coefficients for year and industry dummy variables are not reported.

“Natural logarithm of the number of total employees (in thousands).

PF-value/p-value in models (9), (10.1), and (10.2) are the value of cash squared, the interaction between cash and size,
and the interaction between cash squared and size against the prior model, respectively.

NWC: net working capital; SG&A: selling, general, and administrative expense.

firms with moderately high investment opportunities, and firms with very high investment
opportunities.

Methods. To consider a firm’s level of investment opportunities in our testing of the cash—
performance relationship, we split our sample into three subsamples. We use Tobin’s q to do
so (Szewczyk, Tsetsekos, & Zantout, 1996), as the classic g-theory of investment (Hayashi,
1982; Tobin, 1969) predicts that Tobin’s q “perfectly summarizes a firm’s investment oppor-
tunities” (Peters & Taylor, 2017: 252). Indeed, Tobin’s q is “an increasing function of the
quality of a firm’s current and anticipated projects under existing management” (Lang,
Stulz, & Walkling, 1989: 138).

Of course, we need to specify two appropriate thresholds at which we split the sample (see
Hansen, 2000). The first threshold presents the value of Tobin’s q at which to separate firms
with low investment opportunities from firms with moderately high investment opportunities.
We set this threshold to one (Lang et al., 1989; Szewczyk et al., 1996), because at this value of
Tobin’s q the market value of a firm’s capital stock (i.e., assets) equals its replacement costs.
The second threshold presents the value of Tobin’s q at which to separate firms with moder-
ately high investment opportunities from firms with very high investment opportunities. We
set this threshold to the top decile, which means that the third subsample consists of those
10% firms that have the highest Tobin’s q values in our sample. Taken together, our first sub-
sample consists of low-q firms, our second subsample consists of moderately high-q firms,
and our third subsample consists of very high-q firms (Lang et al., 1989; Szewczyk et al.,
1996).

Because our concern that Kim and Bettis (2014) did not specifically consider a firm’s level
of investment opportunities only applies to testing their hypothesis 1, that is, the main cash—
performance relationship, we do not revisit their hypothesis 2 in this step. Hence, we omit
regression models that are designed to test the interaction of cash holdings with firm size.
All other regression model specifications in step 4 are kept unchanged in comparison with
step 3.
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Results. Panels C, D, and E of Table 1 provide the descriptive statistics and the correlation
matrix for the variables in our first (i.e., low-q firms), second (i.e., moderately high-q firms),
and third subsamples (i.e., very high-q firms), respectively. For each of the three subsamples,
Table 5 provides the step 4 re-examination results of the two nested cash regression models of
Kim and Bettis (2014) that test their hypothesis 1, that is, the main cash—performance
relationship.

In contrast to our main results reported previously, the cash coefficient is negative and stat-
istically significant (p =.000) in model (11), which tests the linear cash—performance relation-
ship for low-q firms. Model (12) adds cash squared. The cash coefficient is positive and
statistically significant (p =.000) in model (12), and the cash squared coefficient is negative
and statistically significant (p =.000) in model (12). Hence, we find that the cash—perfor-
mance relationship for low-q firms takes the form of a quadratic function with a positive orig-
inal term and a negative squared term, that is, an inverted U-shape.

Models (13) and (14) test the linear and quadratic cash—performance relationship,
respectively, for moderately high-q firms. In contrast to model (11), the cash coefficient
is positive and statistically significant (p =.000) in model (13). Similar to model (12),
the cash coefficient is positive and statistically significant (p =.000), and the cash
squared coefficient is negative and statistically significant (p =.000) in model (14).
Hence, we find that the cash—performance relationship for moderately high-q firms also
takes the form of an inverted U-shape. However, the turning point (i.e., the calculated
optimal point of cash holdings) is very different for low-q firms and for moderately
high-q firms. For low-q firms, the turning point is at a cash level of about 11%. For mod-
erately high-q firms, the turning point is at a cash level of about 71%. The latter is similar to
the turning point of about 89% reported by Kim and Bettis (2014: 2060). Because 80% of
the firm-year observations in our first subsample have a cash stock between 0.56% and
27.31%, the turning point at a cash level of about 11% in case of low-q firms is located
well inside the valid data range. As in the sample of Kim and Bettis (2014), this is not
the case for moderately high-q firms. Because 80% of the firm-year observations in our
second subsample have a cash stock between 0.89% and 34.81%, the turning point at a
cash level of about 71% in case of moderately high-q firms is located outside the valid
data range. We are thus hesitant to make strong inferences about whether this turning
point may have practical relevance.

Models (15) and (16) test the linear and quadratic cash—performance relationship, respec-
tively, for very high-q firms. The cash coefficient is positive and statistically significant (p =
.000) in model (15). In contrast to Models (12) and (14), the cash squared coefficient is pos-
itive and statistically significant (p =.000) in model (16). Hence, we find that the cash—per-
formance relationship for very high-q firms takes a convex shape. Compared to the cash
squared coefficient in case of low-q firms and moderately high-q firms, this is a variant of
what Haans et al. (2016: 1188) called a “shape-flip.”

Our step 4 results can be summarized as follows. In our first subsample (low-q firms), we
find decreasing marginal returns of cash that turn negative for medium and large cash hold-
ings. In our second subsample (moderately high-q firms), we find decreasing marginal returns
of cash that remain positive for medium and large cash holdings. In our third subsample (very
high-q firms), we find increasing marginal returns of cash. These results are visualized in
Figure 1, diagram (c).
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Table 5

Regression results. Quasi-replication: Sample split (step 4)

an (12) (13) (14) (15) (16)
Regression model
Tobin’s q Alt_1
Dependent
Moderately high-q
Subsample Low-q firms firms Very high-q firms
Controls
R&D 0.081 0.126 0.205 0.250 0.845 0.670
(0.035) (0.035) (0.067) (0.067) (0.359) (0.360)
[.021] [.000] [.002] [.000] [.018] [.063]
Advertising —0.097 —0.096 0.591 0.581 2.047 1.941
(0.065) (0.064) (0.129) (0.129) (0.917) (0.906)
[.134] [.132] [.000] [.000] [.026] [.032]
Capital expenditure 0.256 0.255 0.499 0.501 1.018 1.194
(0.021) (0.021) (0.058) (0.059) (0.577) (0.580)
[.000] [.000] [.000] [.000] [.078] [.040]
Growth 0.035 0.035 0.123 0.121 0.539 0.550
(0.004) (0.004) (0.010) (0.010) (0.095) (0.094)
[.000] [.000] [.000] [.000] [.000] [.000]
Cash flow (yearly) 0.148 0.148 0.138 0.139 —0.297 —-0.335
(0.015) (0.015) (0.032) (0.032) (0.119) (0.122)
[.000] [.000] [.000] [.000] [.012] [.006]
Leverage 0.237 0.256 —-0.190 —-0.167 0.176 0.069
(0.010) (0.010) (0.025) (0.024) (0.115) (0.115)
[.000] [.000] [.000] [.000] [.127] [.552]
Absorbed (NWC) 0.222 0.229 —-0.191 —0.182 —-0.373 —0.336
(0.011) (0.011) (0.028) (0.027) (0.162) (0.160)
[.000] [.000] [.000] [.000] [.021] [.035]
Absorbed (SG&A) 0.003 0.003 0.002 0.002 0.001 0.001
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
[.000] [.000] [.101] [.102] [.181] [.259]
Size® 0.020 0.020 -0.010 —-0.011 —0.145 —-0.126
(0.001) (0.001) (0.003) (0.003) (0.025) (0.025)
[.000] [.000] [.000] [.000] [.000] [.000]
Explanatory
Cash —-0.238 0.169 1.105 1.771 6.204 —-0.169
(0.016) (0.032) (0.034) (0.075) (0.213) (0.610)
[.000] [.000] [.000] [.000] [.000] [.781]
Cash squared —0.767 —1.248 8.454
(0.061) (0.134) (0.820)
[.000] [.000] [.000]
Constant 0.554 0.530 1.545 1.496 3.668 4.460
(0.034) (0.034) (0.107) (0.105) (0.718) (0.720)
[.000] [.000] [.000] [.000] [.000] [.000]
F-value® 160.31 87.4 106.39
p-Value® .000 .000 .000

(continued)
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Table 5 (continued)

(11) (12) (13) (14) (15) (16)

Regression model
Tobin’s q Alt_1

Dependent

Moderately high-q
Subsample Low-q firms firms Very high-q firms
Observations 38,144 38,144 40,272 40,272 8,713 8,713
R-squared 0.510 0.514 0.331 0.333 0.308 0.317

() is the standard error of coefficient. Standard errors are robust to heteroskedasticity and autocorrelation. [] is the
p-value of coefficient.

Estimated coefficients for year and industry dummy variables are not reported.

*Natural logarithm of the number of total employees (in thousands).

®F-value/p-value in models (12), (14), and (16) are the value of cash squared against the prior model, respectively.
NWC: net working capital; SG&A: selling, general, and administrative expense.

We split the sample in this step according to Tobin’s q because it can be interpreted as the
amount of future investment opportunities available to a firm. The results suggest that increas-
ing returns to cash exist only for those firms that have a very high Tobin’s q, that is, are judged
by the capital markets to have very high investment opportunities. Since this reasoning is,
however, somewhat circular given that Tobin’s q is also our dependent variable, we per-
formed additional analyses. In these analyses, we split the sample according to alternative var-
iables that we also consider indicative of firms’ investment opportunities.

In our first additional analysis, we instead split our sample by the position of a firm’s product
portfolio on the product life cycle. We use data from the Hoberg and Maksimovic (2023) data
library to measure firms’ product life cycle stages. Following the suggested four-stage product
life cycle conceptualization of Abernathy and Utterback (1978), Hoberg and Maksimovic
(2022) use computational linguistic methods applied to firms’ 10-K statements to compute a
four-element vector to capture the exposure of firms’ product portfolios to each life cycle
stage. We build on this measure to identify a firm’s highest exposure to one of the four
product life cycle stages and assign the firm-year observations to related subsamples. The
four stages are (Hoberg & Maksimovic, 2022, 2023): product development (i.e., product inno-
vation), process optimization (i.e., process innovation), product maturity, and product decline.
We expect that firms positioned in the first stage (i.e., product development) exhibit the highest
level of investment opportunities and, thus, benefit the most from large cash holdings.

In our second additional analysis, we instead split our sample by firm age. To measure firm
age, we follow prior work (e.g., DesJardine, Bansal, & Yang, 2019) and determine the differ-
ence between the focal year and the first year the firm was covered by COMPUSTAT. We
split our sample into three subsamples. The first subsample comprises those firms that are
in the lowest decile of firm age (i.e., the youngest firms). Correspondingly, the third subsam-
ple comprises those firms that are in the highest decile of firm age (i.e., the oldest firms).
Those firms that lie in between fall into the second subsample. We expect the youngest
firms to exhibit the highest level of relative investment opportunities and, thus, benefit the
most from large cash holdings.

In both analyses, we find indicative support for the idea that companies with high (low)
investment opportunities profit the most (least) from cash. With regard to splitting our
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sample by a firm’s product life cycle, the left-hand side of Table 6 provides the replication
results of the two nested cash regression models of Kim and Bettis (2014) that test their
hypothesis 1, that is, the main cash—performance relationship, for the first and last subsample.
In model (18), the cash coefficient is positive and statistically significant (=3.831; p =.000)
and the cash squared coefficient is positive and statistically significant (8=4.973; p =.000).
Thus, we find increasing marginal returns of cash for firms in the first stage (i.e., product
development). In model (20), the cash coefficient is positive and statistically significant
(f=4.614; p=.001) and the cash squared coefficient is negative and statistically significant
(p=—-6.229; p=.012). Thus, we find decreasing marginal returns of cash for firms in the last
stage (i.e., product decline).

With regard to splitting our sample by firm age, the right-hand side of Table 6 provides the
replication results of the two nested cash regression models of Kim and Bettis (2014) that test
their hypothesis 1, that is, the main cash—performance relationship, for the first and last sub-
sample. In model (22), the cash coefficient is positive and statistically significant (f=2.625; p
=.000) and the cash squared coefficient is positive and statistically significant (f=6.313;p =
.000). Thus, we find increasing marginal returns of cash for the youngest firms in the
sample. In model (24), the cash coefficient is positive and statistically significant (f=
2.108; p=.000) and the cash squared coefficient is negative and not statistically significant
(p=-0.116; p=.881). Thus, we do not find increasing marginal returns of cash for the
oldest firms in the sample.

Importantly, we highlight that our inferences are tentative since further unreported analyses—
for example, splitting the sample by firms’ R&D intensity (e.g., Ye, Yu, & Nason, 2021) or by
high-tech versus low-tech industries (e.g., Gupta, Crilly, & Greckhamer, 2020; Hecker, 1999)
—fairly consistently showed increasing returns to cash across different segmentations of our data.

Robustness checks

To ensure that our results are robust to alternative explanations of the cash—performance rela-
tionship, we conducted a battery of robustness checks. All results are available upon request.

Alternative measures of Tobin’s q

In order to ensure that our replication results are not driven by any unnoticed peculiarities
of our altered Tobin’s q measure, we reran our steps 3 and 4 regression models with two addi-
tional Tobin’s q measures that also do not include cash holdings in the numerator and
denominator.

On the one hand, we employ the “literature’s standard” Tobin’s q measure (Peters &
Taylor, 2017: 256), which is used, for example, by Erickson and Whited (2012). Here, we
measure the numerator of the Tobin’s q ratio as “the market value of outstanding equity
[PRCC_F x CSHO], plus the book value of debt [DLTT x DLC], minus the firm’s current
assets [ACT], which include cash, inventory, and marketable securities” (Peters & Taylor,
2017: 256). We measure the denominator of the Tobin’s q ratio as “the book value of prop-
erty, plant, and equipment [PPEGT]” (Peters & Taylor, 2017: 256). We label this alternative
Tobin’s q measure Tobin’s q Alt_2.
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On the other hand, we employ Peters and Taylor’s (2017) more elaborate measure of
Tobin’s q (e.g., Hope & Lu, 2020), which accounts for the replacement cost not only of phys-
ical capital but also of intangible capital. Peters and Taylor (2017: 252) therefore call it “total
q”. This measure is calculated like the Tobin’s q Alt_2 measure with the difference that the
replacement cost of intangible capital is added to the replacement cost of physical capital in
the denominator. A firm’s intangible capital is defined as “the sum of the firm’s externally
purchased and internally created intangible capital” (Peters & Taylor, 2017: 252, 256) and
the respective data can be retrieved from Wharton Research Data Services. We label this
Tobin’s q measure Tobin’s q Alt_3.

In sum, cash holdings are not part of the dependent variable’s numerator and denominator
in all three cases (i.e., Tobin’s q Alt_1, Tobin’s q Alt_2, and Tobin’s q Alt_3), allowing
undistorted regression results. As shown in Table 1, the three alternative measures are
highly correlated with the Tobin’s q measure chosen by Kim and Bettis (2014). The correla-
tions in our extended sample (see panel B of Table 1) range between .6553 (p =.000) and
9343 (p=.000).

The results are as follows. First, there are no significant changes in terms of interpreting
our step 3 results with regard to hypothesis 1 of Kim and Bettis (2014): It is again no
longer supported. When testing the quadratic cash—performance relationship and using
Tobin’s q Alt_2, the cash coefficient is again positive and statistically significant (=
2.979; p=.001) and the cash squared coefficient is again positive and statistically significant
(#=9.448; p=.000). When testing the quadratic cash—performance relationship and using
Tobin’s q Alt_3, the cash coefficient is again positive and statistically significant (=
1.958; p=.000) and the cash squared coefficient is again positive and statistically significant
(#=0.963; p=.000).

Second, we now find only mixed support for hypothesis 2 of Kim and Bettis (2014). When
checking the robustness of model (10.1) using Tobin’s q Alt_2, the interaction term between
cash and size is negative but not statistically significant (8= —0.147; p=.470). And when
checking the robustness of model (10.2), the interaction term between cash squared and
size is again positive but no longer statistically significant (f=0.290; p =.727). When check-
ing the robustness of model (10.1) using Tobin’s q Alt_3, the interaction term between cash
and size is again positive and statistically significant (f=0.213; p =.000). And when check-
ing the robustness of model (10.2), the interaction term between cash squared and size is again
positive and statistically significant (f=0.484; p=.001). Taken together, hypothesis 2 of
Kim and Bettis (2014) is no longer supported when we use Tobin’s q Alt_2, but it is again
supported when we use Tobin’s q Alt_3. This may indicate a weakly positive cash—size inter-
action effect.

Third, there are no significant changes in terms of interpreting our step 4 results. When
testing the quadratic cash—performance relationship for low-q firms and using either
Tobin’s q Alt_2 or Tobin’s q Alt_3, the cash coefficient is again positive and statistically sig-
nificant (f=0.532; p=.000 and f=0.257; p =.000, respectively) and the cash squared coef-
ficient is again negative and statistically significant (= —2.132; p=.000 and f=—-0.595; p =
.000, respectively). When testing the quadratic cash—performance relationship for moderately
high-q firms using either Tobin’s q Alt_2 or Tobin’s q Alt_3, the cash coefficient is again
positive and statistically significant (f=2.999; p =.000 and = 0.636; p =.000, respectively)
and the cash squared coefficient is again negative and statistically significant (f=—1.824; p =
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.000 and p=-0.537; p=.000, respectively). When testing the quadratic cash—performance
relationship for very high-q firms using either Tobin’s q Alt_2 or Tobin’s q Alt_3, the
cash squared coefficient is again positive and statistically significant (f=10.260; p=.019
and f=1.289; p =.058, respectively).

Alternative winsorization and trimming

To ensure that any confounding effects of unnoticed outliers do not drive our replication
results, we reran our steps 3 and 4 regression models with alternative procedures for removing
outliers. Recall that, in our main regression models, we winsorize the dependent variable, that
is, Tobin’s q, and the two explanatory variables, that is, cash and size, at the bottom 1% and
top 1% level (e.g., Flammer & Kacperczyk, 2019; Shan et al., 2017).

As a first robustness check in this respect, we take an even more conservative approach by
conducting winsorization of the dependent variable and the two explanatory variables at the
bottom and top 5% level (Flammer, Hong, & Minor, 2019). We cautiously note that such
wide boundaries of winsorization may, of course, cut out valuable variation at the upper
and lower end of the variable distributions. Yet, there are no significant changes in terms
of interpreting our steps 3 and 4 re-examination results. When testing the quadratic cash—per-
formance relationship of step 3, the cash coefficient is again positive and statistically signifi-
cant (f=1.932; p=.000) and the cash squared coefficient is again positive and statistically
significant (f=2.114; p=.000). Thus, hypothesis 1 of Kim and Bettis (2014) is again not
supported. When checking the robustness of model (10.1), the interaction term between
cash and size is again positive and statistically significant (4=0.133; p=.000). And when
checking the robustness of model (10.2), the interaction term between cash squared and
size is again positive and statistically significant (#=0.984; p=.000). Thus, hypothesis 2
of Kim and Bettis (2014) is supported again.

In further robustness checks, we conducted trimming (e.g., Bertrand, Betschinger, &
Settles, 2016) instead of winsorization by excluding firm-year observations that fall in the
bottom or top 1% or 5%. Again, there are no significant changes in terms of interpreting
our step 3 re-examination results. With respect to our step 4 regression models, the results
are predominantly similar to our main replication reported previously.

Overall, these robustness checks suggest that natural outliers do not drive our replication
results. They also caution us to not treat individual companies at the upper or lower bound-
aries of cash levels as empirical archetypes for assessing the desirability of firms holding cash.

Alternative functional forms

We also ensured that the observed functional form is indeed quadratic and, in turn, that
alternative and more complex specifications can be ruled out, such as a cubic (S-shaped) func-
tional form. We follow prior suggestions (e.g., Arin, Minniti, Murtinu, & Spagnolo, 2022)
and leverage semiparametric techniques to inspect and explore alternative specifications of
curvilinear functional forms.

Specifically, we leverage the methodological innovation of binned scatterplots (e.g., Starr
& Goldfarb, 2020) (binsreg command in Stata). The binned scatterplot applied to model (8) of
Table 4, shown in Figure 2, partitions the x-axis (cash holdings) into bins, for each of which
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the mean of the dependent variable (firm performance) is calculated. A regression model for
which the relationship between x and y can differ in each bin is then estimated, accounting for
all control variables. Following Starr and Goldfarb’s (2020) recommendations, we show a
binned scatterplot with the number of bins chosen by minimizing the integrated mean
squared error and confidence bands for each point, leading to 44 bins for our sample.
Figure 2 shows that the effect of cash holdings is positive and even increases at higher
levels. Thus, the binned scatterplot—like those created for each model specification with
alternative dependent variables as per step 3—that is, Tobin’s q Alt_2 and Tobin’s q Alt_3
—substantiates a convex functional form rather than an inverted U-shape relationship,
which provides further tentative support to our main findings. Next, following Haans et al.
(2016), we added a cubic term to our squared model as per step 3, that is, model (9) of
Table 4. While the result for Tobin’s q Alt_1 indeed tentatively indicates a cubic term that
is positive and statistically significant (f=6.764; p=.000), such a cubic term was not
found to be consistently statistically significant across our models when using alternative var-
iants of our dependent variable. For example, results for Tobin’s q Alt_3 indicate that the
cubic term is positive but not statistically significant (f = 0.2570; p =.827), and a likelihood
ratio test confirms that the model’s explanatory power does not increase by including a cubic
term (chi-squared =1.76; p =.1846). Thus, the results do not conclusively point toward a
higher-order functional form. Notably, even in models that show a statistically significant

Figure 2
Binned scatterplot (exemplified for model 8 of Table 4)
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effect of the cubic term, this term is positive, that is, not indicating a penalty for holding too
much cash, and the squared term of cash holdings is not statistically significant, supporting a
convex functional form. Thus, we conclude that a quadratic model specification—as in our
main analysis—is adequate to model the cash—performance relationship.

Alternative estimation procedure

We also altered our estimation procedure. We follow Deb et al. (2017) and use a dynamic
fixed effects model, including the lagged dependent variable as a control variable. Our results
are qualitatively similar for step 3, indicating both a positive and statistically significant linear
and squared term. Results on Tobin’s q Alt_1 show a positive and statistically significant
effect of the lagged dependent variable (#=0.517; p=.000)—which is in line with Deb
et al. (2017)—while both the positive and statistically significant linear ($#=0.942; p=
.000) and squared term (f=3.188; p=.000) of cash holdings persist. Our results are also
qualitatively similar for the analyses from step 4. Notably, for very high-q firms, as exempli-
fied via the uppermost decile of Tobin’s q Alt_1, we find a positive and statistically significant
squared term (f = 6.5570; p = .000), substantiating our main results that there is no penalty for
holding high levels of cash for such firms. Moreover, although no temporal lag is desirable
when using Tobin’s q as a dependent variable given that it is an at least partially market-based
performance measure (e.g., Richard et al., 2009), we still introduce a temporal lag of 1 year to
our model. Our results are fully robust for both steps 3 and 4. For instance, when applied to
model (9) of Table 4, we still can observe both a positive and statistically significant linear
effect (f=1.107; p=.000) and squared effect of cash holdings (#=2.850; p =.000). Thus,
we can confirm that the performance effects of cash holdings do not hinge on a particular tem-
poral structure of our model specification.

Market conditions

Prior studies suggest that the performance implications of cash holdings may vary between
market conditions (e.g., Deb et al., 2017; Jung, Foege, & Niiesch, 2020). As for industry con-
texts, our main model specification includes industry-fixed effects and year-fixed effects that
account for general industry characteristics and macroeconomic events or trends (e.g.,
Vanacker, Forbes, Knockaert, & Manigart, 2020). Moreover, we also used industry-year
fixed effects as a robustness check to further probe for potential time-varying industry
trends (e.g., Flammer & Luo, 2017). Our results are fully robust, including alternative indus-
try classifications of the focal firm’s primary industry using two-digit or four-digit SIC codes
as alternatives to the main models of steps 3 and 4 at the three-digit SIC lev