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Abstract Using a contingency theory lens, this study ex-
plores the impact of multiple firm-level capabilities and their
interactions on firm growth under different market conditions,
using panel data from 612 U.S. public firms across 16 years in
60 industries. Specifically, this study empirically examines
how three key firm capabilities (marketing, R&D, operations)
interact to impact firms’ revenue growth and profit growth
over time, and how external boundary conditions (market mu-
nificence and competitive dynamism) influence the interactive
growth effects of these capabilities. The results indicate that
firms’ R&D (operations) capabilities positively (negatively)
influence the effects of marketing capabilities on firm growth
and that such effects vary across different market conditions.
This study provides insights to researchers and managers re-
garding how to manage and deploy resources across multiple
capabilities simultaneously under different market conditions
to drive firm growth.

Keywords Marketing capabilities .

Research-and-development capabilities . Operations
capabilities . Firm growth .Munificence . Competitive
dynamism

Introduction

Capabilities are complex bundles of skills and knowledge em-
bedded in organizational processes that a firm performs well
relative to rivals and which transform the firm’s available re-
sources into valuable outputs (Day 1994; Morgan 2012). Past
research on firm capabilities has mainly focused on the impact
of individual capabilities (e.g., marketing, R&D or operations)
on performance over short time spans (see Krasnikov and
Jayachandran 2008). However, in practice, different capabili-
ties coexist within a firm and are often intertwined. They are
also developed over long time periods and are embedded
within the firm (Grewal and Slotegraaf 2007), regardless of
what markets and sectors the firm operates in. Thus, investi-
gating individual capabilities in isolation over short time
frames and ignoring their interrelatedness may lead to an in-
complete and potentially inaccurate understanding of firm ca-
pabilities (Krasnikov and Jayachandran 2008; Levinthal
2000). In addition, past research has mostly focused on ex-
ploring the direct performance impact of firm capabilities,
neglecting the likely existence and potential importance of
boundary conditions. Therefore, many researchers have called
for more context-based explorations of variations in the capa-
bility–performance relationship (e.g., Eisenhardt and Martin
2000; Krasnikov and Jayachandran 2008).

In addition, growth, as one of the primary drivers of a
firm’s stock price, is of central importance to both inves-
tors and managers (Day et al. 2009). Although revenue
and profit growth are important indicators of marketing

Satish Jayachandaran served as Area Editor for this article.

* Hui Feng
huifeng@iastate.edu

Neil A. Morgan
namorgan@indiana.edu

Lopo L. Rego
lrego@indiana.edu

1 College of Business, Iowa State University, 3337 Gerdin Business
Building, Ames, IA 50011-1350, USA

2 Kelley School of Business, Indiana University, 1309 E. Tenth St.,
Bloomington, IN 47405-1701, USA

J. of the Acad. Mark. Sci.
DOI 10.1007/s11747-016-0472-y

http://crossmark.crossref.org/dialog/?doi=10.1007/s11747-016-0472-y&domain=pdf


effectiveness as well as vital parts of marketers’ require-
ments to gain a Bseat at the top table^ (Lehmann and
Winer 2009), long-term growth is an infrequently studied
performance measure in marketing (Katsikeas et al.
2016).1 We therefore have relatively little knowledge
concerning the drivers of firm growth, and in particular
the impact of interactions among various firm capabilities
on firms’ growth performance (Morgan et al. 2009).

To address these important knowledge gaps, this study uses
a cross-industry sample of 612 public firms across 60 indus-
tries in the U.S. from 1993–2008 to examine two important
questions. First, how do different firm capabilities (marketing,
R&D, operations) interact and impact firm revenue and profit
growth over an extended time? Second, how do external mar-
ketplace boundary conditions (e.g., market munificence and
competitive dynamism) influence the interactive effects (i.e.,
complementarity versus substitution) of firm capabilities on
growth?

In addressing these key questions, this study offers several
contributions to the literature on firm capabilities. First, it pro-
vides the first comprehensive picture of how the three most
important firm-level capabilities identified in the literature in-
teract to drive growth, by simultaneously exploring market-
ing, R&D, and operations capabilities and their interactions.
This is important because in practice all three capabilities co-
exist within firms, yet our empirical knowledge of how this
coexistence may affect firm performance outcomes has been
absent. From this perspective, our results show that marketing
and R&D capabilities complement each other in enhancing
firms’ revenue and profit growth, whereas operations capabil-
ities decrease marketing capabilities’ positive impact on profit
growth.

Second, this study identifies market munificence and com-
petitive dynamism as new boundary conditions that affect
capability–performance relationships. This is important be-
cause the value of firms’ capabilities has been theorized as
being dependent on the characteristics of the marketplace en-
vironments in which they are deployed (e.g., Morgan 2012).
Empirically we show that this is true, and we identify specific
marketplace characteristics that are important factors to con-
sider when making resource deployments and capability de-
velopment investment decisions, as they have a significant
impact on the value of firm capability–performance
relationships.

Third, using a large, representative panel of U.S. firms
over an extended time period, this study provides the
strongest, most comprehensive, and most generalizable
evidence to date to establish the performance benefits of
marketing capabilities in the presence of other key firm-

level capabilities. This greatly enhances confidence in the
performance-enhancing value of marketing capabilities, and it
reveals an important new mechanism by which that value is
created and captured—via firms’ ability to grow their top and
bottom line performance. As a result, the findings presented in
this study provide new guidance for marketing scholars and
managers concerning whether and when investments in build-
ing firm-level marketing (and other) capabilities are most likely
to pay off. Table 1 summarizes the major contributions of this
study, relative to representative research on firm capability
interactions.

In the next section, we present the theoretical basis and
conceptual model for our study. This is followed by de-
scriptions of the research method adopted, measures of
key constructs and variables, dataset assembled, and anal-
ysis approach. We then present and discuss the results of
the analyses and consider their implications. Finally, we
examine the study’s limitations and present ideas for fu-
ture research.

Conceptual framework

Both the resource-based view (RBV) and dynamic capa-
bility (DC) theories have pointed to the importance of
firm capabilities as they enable firms to effectively and
efficiently perform value-creating tasks, and also reside
in firm processes and routines that may be difficult to
observe and imitate, thereby enabling firms to enjoy sus-
tainable competitive advantage and superior performance
over time (Teece et al. 1997; Kozlenkova et al. 2014).
Prior research examining individual (occasionally two)
capabilities generally supports this position and shows
that: (1) individual firm capabilities (e.g., marketing,
R&D and operations) are generally positively associated
with firms’ market performance and efficiency (e.g., Day
1994; Dutta et al. 1999), and (2) marketing and R&D
capabilities mainly drive market performance, while oper-
ations capability primarily drives efficiency performance
(e.g., Krasnikov and Jayachandran 2008). Given these
prior findings, it may be expected that marketing, R&D,
and operations capabilities should all drive both revenue
growth and profits growth.

However, we currently know little about the interactive
effect of different capabilities. Among the few studies that
have examined two-way interactions between different ca-
pabilities, some report complementary effects of different
capabilities on firm performance (e.g., Dutta et al. 1999;
Luo and Donthu 2006; Moorman and Slotegraaf 1999;
Song et al. 2005), whereas others find substitutive ef-
fects—especially when the capabilities have opposing un-
derlying goals (e.g., maximization versus minimization,
effectiveness versus efficiency) (Grewal and Slotegraaf

1 We tested our models on revenue and profit levels as well as growth and
found a similar pattern of results. However, as the focus of this paper is on
firm growth, we do not include these additional results in the paper.
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2007). As a result, researchers have called for more in-
vestigation into the interactive effects of different capabil-
ities (e.g., Kozlenkova et al. 2014; Krasnikov and
Jayachandran 2008; Newbert 2007).

This study focuses on the interactions among firms’ mar-
keting, R&D, and operations capabilities, because these are
the core functional capabilities that contribute the most to
firms’ ability to deliver value to customers and thereby create
sustainable competitive advantage (Krasnikov and
Jayachandran 2008). Marketing capability concerns a firm’s
ability to use available resources to performmarketing tasks in
ways that achieve desired outcomes better than rivals do
(Morgan et al. 2012). R&D capability is a firm’s ability to
use its available resources to create useful technological
knowledge for product and process innovations better than
rivals can (Dutta et al. 1999).Operations capability is a firm’s
ability to use its available resources to efficiently deliver prod-
ucts or services of a required quality better than rivals do
(Krasnikov and Jayachandran 2008).

Complementarity versus substitution effects in firm
capabilities interactions

Our main research question—whether these three key firm
capabilities are complements or substitutes in driving firm
growth under different market conditions—is empirical
because prior research has found evidence in support of
both alternatives (see Table 1 for a review), and both
complementarity and substitution have their supporting
theories. For example, theoretically, both the RBV and
DC theories suggest that different firm capabilities may
be complementary assets (i.e., the presence of one capa-
bility enhances the returns of another), as their synergistic
interactions can increase a firm’s effectiveness and/or ef-
ficiency in deploying resources (Teece et al. 1997;
Kozlenkova et al. 2014). In addition such capability syn-
ergies are due to asset interconnectedness and create
greater causal ambiguity and thus deliver complementary
rents that are difficult for rivals to imitate (Helfat et al.
2007). Empirically, both Dutta et al. (1999) and Moorman
and Slotegraaf (1999) have found complementary effects
between marketing and R&D/technology capabilities in
single industry samples.

However, theoretically, it is also possible that these
capabilities could attenuate one another’s effectiveness
and/or efficiency, because firm resource constraints and
capability goal conflicts may create inter-capability
tradeoffs and inefficiency (King et al. 2008). For example,
in a study of retailers, Grewal and Slotegraaf (2007)
found that developing multiple capabilities could be coun-
terproductive when these capabilities have opposing ob-
jectives (e.g., maximization versus minimization, effec-
tiveness versus efficiency).

From this perspective, marketing, R&D and operations
capabilities represent different functional area–related ca-
pabilities, each with its own objectives and priorities. For
example, marketing is generally tasked with goals related
to demand creation and satisfying customers, while R&D
is rewarded for creating new products and processes, and
operations is charged with the efficient use of resources,
cost minimization, and meeting objective quality stan-
dards. Thus, marketing generally seeks a wide mix of
products to more closely match customer needs and
enough inventory to enable rapid product delivery to sat-
isfy every customer, R&D wants to develop a continuous
stream of break-through (patentable), revolutionary new
products, whereas operations typically prefers just-in-
time production and delivery systems that minimize in-
ventory, as well as narrower product lines with static
product design specifications, to gain economies of scale
and minimize changeover problems. However, few studies
have investigated the interactive effects among the three
capabilities simultaneously.

Therefore, we examine the interactive effects and pro-
pose that, in general, marketing and R&D capabilities
should complement each other, as they both focus more
on effectiveness (building stronger brands/customer rela-
tionships and creating better and more innovative prod-
ucts) than efficiency (minimizing the costs involved in
doing so) (Dutta et al. 1999; Kozlenkova et al. 2014).
We also propose that both marketing and R&D may have
substitutive effects with operations, which has contradic-
tory goals focusing more on cost minimization and effi-
ciency (with an acceptable quality level) than on effec-
tiveness (Piercy 2007; Ramaswami et al. 2009).

The moderating role of market conditions

Contingency theory posits that the environment in which a
firm operates is important in determining the returns to a
firm’s resource and capability investments (Ruekert et al.
1985; Song et al. 2005), because different market conditions
imply different importance of and value impact of capabilities
(Meyer et al. 1993; Levinthal 2000; Penrose 1959). As a re-
sult, both marketing and economics scholars have suggested
that capabilities should have greater value when deployed in
ways that are consistent with the external environment
(Moorman and Slotegraaf 1999; Penrose 1959). DC theory
also posits that the ability to acquire, integrate, and
deploy resources and capabilities in ways that match
the marketplace conditions is the most significant and
enduring source of competitive advantage (Eisenhardt
and Martin 2000; Teece et al. 1997).

A number of other theories across disciplines likewise
support the importance of a firm’s environment in affect-
ing the returns to investments in different capabilities.

J. of the Acad. Mark. Sci.



Managerial cognition scholars suggest that cognition
about the applicability of existing capabilities to new en-
vironments affects growth (Taylor and Helfat 2009;
Danneels 2011). Economics and finance theories also con-
tend that firms may make investments in different combi-
nations of firm capabilities as their Boptions^ to respond
to current market conditions and future threats and oppor-
tunities (Dixit and Pindyck 1994; Tirole 1988). Other the-
orists suggest that firms should deploy their capabilities to
exploit current or emerging environmental trends to find
the best fit between a firm and its environmental condi-
tions (Porter 1985). The literature therefore suggests that a
fundamental problem facing managers is how to best de-
ploy the range of different capabilities to best fit the cur-
rent external conditions the firm faces and to deal with
future threats and opportunities (Morgan 2012).

Thus, whether marketing, R&D, and operations capa-
bilities are more complementary versus substitutes could
be affected by market conditions, which can affect the
interactive effects of capabilities through changing (1)
the extent of their goal congruence (similar vs. pulling
in different directions) and/or (2) the firm’s resource con-
straints (more resources allocated to one capability dimin-
ish those available for another).

Here, we focus on market munificence and competitive
dynamism as key marketplace conditions that affect a
firm’s capability–growth relationship, because both envi-
ronmental characteristics have been shown to have impor-
tant effects on firm conduct and growth (Penrose 1959).
Munificence refers to the abundance of resources and op-
portunities in the market that can support sustained
growth (Dess and Beard 1984). Competitive dynamism
refers to changes in the heterogeneity and concentration
of competitors (Aldrich 1979) and reflects variation in the
number of firms in an industry and the disparities in the
market share of these firms (Porter 1980). Both munifi-
cence and competitive dynamism are linked with market-
place uncertainty, characterizing markets where managers
may face the greatest challenges in making resource allo-
cation and capability development investment decisions
and thus need the most guidance. By examining how the
different capabilities interact with one another under such
conditions, we seek to gain a better understanding of how
firms should invest in and manage multiple capabilities to
facilitate growth in uncertain markets.

However, we do not develop formal hypotheses for
the effects of the interactions among the three firm ca-
pabilities and two market conditions because existing
theory either points in different (equally plausible) di-
rections or is insufficiently clear with respect to how
specific marketplace characteristics impact the value of
coexisting firm capabilities. Thus we treat these effects
as empirical issues.

Research methodology

Data

We drew an initial random sample of 1000 public firms for the
years 1993 through 2008 from the COMPUSTAT Database,
andwe collected the financial and operating information need-
ed to compute firm-level revenue and profit growth metrics,
along with several firm- and industry-specific control vari-
ables. Additionally, we collected patent and trademark data
from the U.S. Patent and Trademark Office (USPTO)
Database, which we used to calibrate and estimate firm-level
marketing, R&D, and operations capabilities.

After merging data from various sources, and removing
observations with missing data and firms with fewer than four
consecutive years of observations, our final sample contains
612 firms over 16 years (1993–2008), for a total of 8049 firm-
year observations.2 We lose one additional year of data for
these 612 firms due to the use of first-differencing in our
estimation procedure, resulting in a total of 7437 firm-year
observations. In order to estimate these firms’ future growth
performance, we augmented our dataset by including financial
information for the years 2009–2011. Because these were fu-
ture observations of our dependent variables, they did not
impact sample size. The 612 firms in our sample represent
60 Standard Industrial Classification (SIC) two-digit indus-
tries (165 SIC three-digit) (see Appendix 1). The average firm
in our sample has $8 billion in assets.

Measures

Firm capabilities Following prior research, marketing
capabilitywas measured using a stochastic frontier estimation
(SFE) input–output approach in which the resource inputs
were a firm’s current and previous year SG&A and advertising
investments and the number of trademarks owned, with the
firm’s sales revenue as the output (e.g., Bahadir et al. 2008;
Narasimhan et al. 2006). Similarly, we followed Dutta et al.
(1999, 2005) to operationalize R&D capability, calibrated as
an input–output equation using the number of patents as the
output and a set of R&D-related resources (e.g., R&D expen-
ditures, R&D and patent stock in the previous year) as the
inputs. Finally, operations capability was measured using
costs of goods sold (a proxy for costs of production) as the
output, and cost of labor and capital (total interest and

2 Such reductions in the number of observations are common when sev-
eral secondary sources are merged. However, excluding these 388 firms
due to missing data, etc. does not affect the generalizability of our sample.
A two-sample mean difference t-test shows that the missing firms are not
statistically different from the remaining sample in terms of total assets,
number of employees, firm age, ROA, and sales volume. Moreover, a
two-stage Heckman sample selection model further confirms that there is
no selection bias in our sample due to missing data.

J. of the Acad. Mark. Sci.



dividends paid) as inputs3 in the input–output equation (e.g.,
Narasimhan et al. 2006).

The SFE method estimates an inefficiency score on the
basis of how well each firm transforms its available resource
inputs into the relevant desirable performance output relative
to the best achievable in the primary industry in which they
operate. Specifically, firm capabilities were estimated based
on general least-squares random-effects and stochastic frontier
models, following Kumbhakar et al. (2015). This method al-
lows for the calibration of separate firm-specific time-invari-
ant and firm-specific time-variant components of a firm’s ca-
pability. Full details on model specifications and estimation
are summarized in Appendix 2.

Market conditions Following Keats and Hitt (1988), we
measured market munificence as the 5-year average industry
growth in net sales. To calculate competitive dynamism, we
used the 5-year change in Hirschmann-Herfindahl Index
(HHI) (Grossack 1965; Keats and Hitt 1988).

Firm growth Since our focus is on predicting future growth
performance, we used future revenue growth and future prof-
it growth as firm performance metrics. By using forward
performance measures, we also avoid simultaneity and re-
verse causality concerns. Specifically, we used data on fu-
ture annual sales (COMPUSTAT item SALE) and future an-
nual gross profit (COMPUSTAT items SALE- COGS)4 and

calculated future annual revenue growth as (Sales(t +
1)−Sales(t))/(Sales(t)) and future profit growth as (Profit(t +
1)−Profit(t))/(Profit(t)). We used future annual revenue and
profit growth rates for time periods (t+ 1), (t +2), and (t +
3) to estimate 3-year averages for both future revenue and
profit growth.

Control variables We included a number of firm- and
industry-specific covariates to control for other factors
that are commonly known to also impact firm growth.
We controlled for each firm’s strategic emphasis ((ad-
vertising expenditures-R&D expenditures)/total assets) to
account for heterogeneity in firms’ strategies (Mizik and
Jacobson 2003). Likewise, we controlled for return on
assets (ROA), firm size (dollar value of total assets)
and the number of business segments served (from
COMPUSTAT business segment database) to control
for possible economies of scale and scope.5

Descriptive statistics and correlations for each of the
variables in our data set are summarized in Tables 2
and 3.

Model formulation

Preliminary tests confirmed that the panel data used to em-
pirically examine our research questions introduced several
econometric estimation concerns such as heteroskedasticity,
serial correlation, unobserved firm-specific heterogeneity,

3 We used labor costs and capital costs where both data were available;
where labor costs were not available, we used capital costs only. The
correlations between the measures including/not including labor costs is
0.91. 5 In addition to the multiple firm and industry controls included, we also

controlled for competitors’ marketing, R&D, and operations capabilities
directly, in alternative model specifications. Substantively, the findings
remained unchanged. For the purpose of parsimony, we opted to not
include these additional estimates with the findings reported.

Table 2 Descriptive statistics
Variables Mean Std. Dev. Std. Err. Min. Median Max.

Firm capabilities and strategy

Marketing capabilities 54.725 16.167 .185 1.000 55.144 100.00

R&D capabilities 86.323 19.975 .229 1.000 97.779 100.00

Operations capabilities 58.504 14.924 .167 1.000 60.185 100.00

Firm performance

Revenue growth .117 .219 .002 −.731 .082 5.261

Profit growth .123 1.986 .023 −39.644 .088 157.844

Controls

Return on assets (ROA) 4.093% 18.373% .206% −584.485% 5.513% 132.775%

Firm size (Total assets) 7966.581 43,037.572 464.275 7.547 1055.056 1,020,934

Number of segments 2.832 2.353 .026 1.000 2.000 23.000

Strategic emphasis .028 .431 .005 −5.241 .000 9.220

Moderators

Munificence 6.154% 6.950% .096% −23.702% 5.329% 97.795%

Competitive dynamism −.012 .097 .001 −.819 −.016 1.607

4 COGS stands for costs of goods sold. Our findings are robust to alter-
native profit metric specifications, including versions based on income
(COMPUSTAT items NI or IB), earnings (COMPUSTAT items EBIT or
EBITDA), and operating income (COMPUSTAT item OIBDP).
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and endogeneity. This suggests that an error-component
model is appropriate (Baltagi 2001). Seeking to address

these concerns, we propose the following model specifica-
tions (Baltagi 2001):

RGi tþ1ð Þ ¼ β0 þ β1:RGi tð Þ þ β2:MCi tð Þ þ β3:RDCi tð Þ þ β4:OCi tð Þ þ β5:ENV i tð Þ þ
β6: MCi tð Þ � RDCi tð Þ

� �þ β7: MCi tð Þ � OCi tð Þ
� �þ β8: RDCi tð Þ � OCi tð Þ

� �þ
β9: MCi tð Þ � ENV i tð Þ

� �þ β10: RDCi tð Þ � ENV i tð Þ
� �þ β11: OCi tð Þ � ENV i tð Þ

� �þ
β12: MCi tð Þ � RDCi tð Þ � ENV i tð Þ

� �þ β13: MCi tð Þ � OCi tð Þ � ENV i tð Þ
� �þ

β14: RDCi tð Þ � OCi tð Þ � ENV i tð Þ
� �þ β15ROAi tð Þ þ β16:FirmSizei tð Þ þ β17:Segmentsi tð Þ þ

β18:Strategic Emphasisi tð Þ þ ηi þ εi tþ1ð Þ

ð1AÞ

PGi tþ1ð Þ ¼ βr0 þ βr1:PGi tð Þ þ βr2:MCi tð Þ þ βr3:RDCi tð Þ þ βr4:OCi tð Þ þ βr5:ENV i tð Þ þ
βr6: MCi tð Þ � RDCi tð Þ

� �þ βr7: MCi tð Þ � OCi tð Þ
� �þ βr8: RDCi tð Þ � OCi tð Þ

� �þ
βr9: MCi tð Þ � ENV i tð Þ

� �þ βr10: RDCi tð Þ � ENV i tð Þ
� �þ βr11: OCi tð Þ � ENV i tð Þ

� �þ
βr12: MCi tð Þ � RDCi tð Þ � ENV i tð Þ

� �þ βr13: MCi tð Þ � OCi tð Þ � ENV i tð Þ
� �þ

βr14: RDCi tð Þ � OCi tð Þ � ENV i tð Þ
� �þ βr15:FirmSizei tð Þ þ βr16:Segmentsi tð Þ þ

βr17:Strategic Emphasisi tð Þ þ φi þ ζi tþ1ð Þ

ð1BÞ

where subscript i identifies each firm and t represents the year,
RGi(t+1) and PGi(t+1) are the future 3-year average revenue and
profit growth, and RGi(t) and PGi(t) are one period lags of
RGi(t+1) and PGi(t+1). We include the one-period lagged de-
pendent variable as it accounts for inertia, persistence, and
various initial conditions and helps alleviate serial correlation
(Wooldridge 2006). MCi(t) represents marketing capabilities,
RDCi(t) represents R&D capabilities, and OCi(t) represents op-
erations capabilities. ENVi(t) represents environment condi-
tions such as market munificence (MU) or competitive

dynamism (COM). Using the current firm capabilities to pre-
dict future firm growth also directly addresses endogeneity
concerns and rules out reverse causality. Firm Size,
Segments, and Strategic Emphasis represent the control vari-
ables described earlier, while ηi and φi are time-invariant un-
observable factors; εi(t+1) and ζi(t+1) are i.i.d errors. We
include a time-invariant error component (ηi and φi) to con-
trol for industry fixed-effects and other unobserved firm-
speci f ic heterogenei ty, and to lessen remaining
heteroskedasticity concerns.

Table 3 Correlation matrix

Variables 1 2 3 4 5 6 7 8 9 10 11

1. Marketing capabilities 1.000

2. R&D capabilities .360 1.000

3. Operations capabilities .528 .224 1.000

4. Revenue growth .122 .049 .178 1.000

5. Profit growth .006 −.011 .013 .212 1.000

6. ROA −.054 .008 −.064 −.019 −.020 1.000

7. Firm size −.177 −.139 −.421 −.032 −.010 −.003 1.000

8. Segments −.159 −.127 −.332 −.106 −.010 −.006 .166 1.000

9. Strategic emphasis .033 .079 .101 .016 −.010 .017 −.014 −.012 1.000

10. Munificence .001 .168 −.083 .002 .008 .075 .041 .020 −.034 1.000

11. Competitive dynamism −.020 .091 −.051 .007 .004 .029 .002 .036 −.044 .500 1.00

Correlations with an absolute value greater than .021 are significant at p < .05 level
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Next, we constructed first-differences model specifications
equivalent to those detailed in Eqs. 1A and 1B (i.e., each var-
iable is defined as the difference, or change, between two con-
secutive time-period observations) to remove the unobserved
fixed effects (ηi and φi) and alleviate any residual autocorrela-
tion (Arellano and Bond 1991; Mizik and Jacobson 2004).

Nonetheless, a few additional possible sources of
endogeneity remain, such as (1) correlated lagged dependent
variables and the error terms in the first-differences models
and (2) firms’ investments directed toward firm capabilities
and growth, which may create endogeneity by simultaneously
influencing firm capabilities and sales and profit growth. We
addressed these potential concerns by jointly estimating the
proposed level-level and changes-changes model specifica-
tions, using the dynamic system General Method of
Moments (GMM) method. This yields unbiased and efficient
estimates and empirically addresses all potential sources of
endogeneity listed (Arellano and Bover 1995; Blundell and
Bond 1998). Specifically, we used the first two-period (or
earlier) lagged values of the endogenous variables, industry
and year dummies, as instruments for their first differences
(Mizik and Jacobson 2004; Tuli et al. 2010). These instru-
ments were then used to generate unbiased and efficient pa-
rameter estimates (e.g., Arellano and Bond 1991).We used the
AR(II) test for autocorrelation of the residuals to confirm that
the second-order differenced error terms are not correlated,
indicating that the transformed residuals are not serially cor-
related (Arellano and Bond 1991; Roodman 2009).

Results and discussion

We present the empirical results for market munificence and
competitive dynamism in Tables 4 and 5, respectively.
Consistent with other papers using system GMM (e.g.,
Angulo-Ruiz et al. 2014; Tuli et al. 2010), we report the
changes-changes estimation results that are most robust to
econometric concerns in analyzing panel data.6 Consistent
with Aiken and West (1991), we mean-centered all predictor
variables before creating the interaction terms. Variance infla-
tion statistics suggest that there are no multicolinearity issues
in our models. In Tables 4 and 5, Model 1 shows the two-way
interaction effects among the three firm capabilities on reve-
nue and profit growth, and Model 2 adds three-way interac-
tions with the environmental variables.

Results in Model 1 show a complementary interaction effect
between marketing and R&D capabilities: R&D capability fur-
ther reinforces the positive effects of marketing capability on
future revenue growth (1.066, p< .01) and profit growth (.736,
p< .05). However, marketing and operations capabilities have a

negative interactive effect on profit growth (−.509, p< .01), but
this is not significant in its effect on revenue growth (−.101,
p> .1). This suggests substitution interaction effects between
marketing and operations; that is, the positive effect of market-
ing capability on firms’ future profit growth is weakened when
operations capability is high. Moreover, R&D and operations
capabilities have negative but non-significant interaction effects
on both firms’ revenue growth (−.387, p> .1) and profit growth
(−.260, p> .1). Overall, these results indicate that marketing
and R&D capabilities complement each other in enhancing
revenue and profit growth, whereas operations capability de-
creases marketing capability’s positive effect on profit growth.

These two-way capability interaction results generally sup-
port the theoretical notion discussed in our conceptual model
that goal congruence between different functionally-related
capabilities may be a source of positive asset interconnected-
ness that produces synergistic benefits. Linking these benefits
with growth performance over a 3-year future period in our
data provides some support for the sustainability of such ca-
pability synergies that are theoretically due to asset intercon-
nectedness and causal ambiguity. Conversely, our results also
provide support for the idea that conflicting capability goals
such as those between operations, which is focused on effi-
ciency, and marketing, which is focused on effectively gener-
ating demand, can result in Bnegative synergies^ that signifi-
cantly impact firm performance.

Regarding the moderating effects of market munificence,
the three-way interaction results presented in Model 2 in
Table 4 show that five out of the six three-way interactions
of firm capabilities and market munificence are significant.
This provides clear evidence that marketplace munificence is
a significant boundary condition affecting the capabilities–
performance relationship. First, regarding MC×RDC×MU,
we find that in more munificent markets, the positive comple-
mentary effects between marketing and R&D capabilities be-
come weaker for both firms’ revenue growth (−.367, p< .01)
and profit growth (−.274, p< .1). Thus, while in general, we
find that the growth benefits of having strong marketing ca-
pability increases as the level of R&D capability increases,
this complementary effect is stronger in less munificent mar-
kets than in highly munificent markets.

This suggests that firms with higher marketing capability
appear to be able to more synergistically utilize strong R&D
capability to drive growth in slower-growing markets. One
explanation could be that that while being simultaneously able
to create and maintain high levels of marketing and R&D
capabilities is more difficult for rivals to imitate, this benefit
is greatest in slow-growing environments where fewer rivals
may be willing to make the investments necessary for such
imitation. In addition, firms that are able to most efficiently
translate available resources into desired marketing and R&D
outputs (i.e., those with the strongest marketing and R&D
capabilities) should also be at a greater cost advantage in

6 The estimates we report are also consistent with those observed in less
robust Blevels-levels^ models.
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slow-growing environments where price competition is gener-
ally greater, and lower prices may be needed to drive demand.

Second, the three-way interaction of MC×OC×MU is
negative and significant for revenue growth (−.136, p< .05),
but not significant for profit growth (.065, p> .1). This suggests
that the non-significant effect of marketing and operations ca-
pability interactions on firms’ revenue growth in Model 1 be-
come significantly negative in more munificent environments.
At one level this result may appear counter-intuitive, since mu-
nificentmarkets should offer greater opportunities and ultimate-
ly more resources to firms serving them. However, there are
two possible explanations for such a finding. First, growing a
firm’s revenue is often expensive and generally consumes firm
resources in the short and medium term. This is consistent with
the negative correlations often observed between firms’ reve-
nue and profit growth (e.g., Morgan et al. 2009) and may ex-
plain why we do not find a significant benefit of munificence
on the profit growth outcomes of interactions between

marketing and operations capabilities. Second, price competi-
tion is likely to be greater in slow growing markets with scant
opportunities. In such conditions operations’ ability to lower
costs is more likely to be better aligned with marketing’s need
to offer lower prices than rivals in order to sell a greater number
of products. In addition, when external resources are scarce,
operations’ ability to enhance efficiency may be more valuable
in freeing up resources to fund sales growth efforts. Therefore,
firms with higher operations capability are likely to be better
able to leverage benefits from superior marketing capability to
achieve higher growth in low munificent markets.

Finally, Model 2 in Table 4 shows that the three-way inter-
actions of RDC×OC×MU are positive and significant for
both revenue and profit growth (.338, p < .01 and .309,
p< .01 respectively). This indicates that the interaction effects
between R&D and operations capabilities on firm growth are
stronger and positive when market munificence is high. This
may be due to the greater resources freed up by the efficiency

Table 4 Effect of environmental
munificence on firm capabilities–
growth relationship

ΔRevenue growth (t+1~3) ΔProfit growth (t+1~3)

Model 1: two-way
interaction

Model 2: full
model

Model 1: two-way
interaction

Model 2: full
model

Main effects

ΔMarketing capability(t) (MC) −.615 −.475 −.078 −.578
ΔR&D capability(t) (RDC) .385** .405 .332 .856**

ΔOperations capability(t) (OC) .588*** .380** .247 .736

ΔMunificence(t) (MU) .118* .105

Moderating effects

Δ(MC(t) ×RDC(t)) 1.066*** .529* .736** .657*

Δ(MC(t) ×OC(t)) −.101 .175 −.509*** −.594***

Δ(RDC(t) ×OC(t)) −.387 −.183 −.260 −.075
Δ(MC(t) ×MU(t)) .052 .210*

Δ(RDC(t) ×MU(t)) −.016 −.007
Δ(OC(t) ×MU(t)) −.065 −.012

Three-way interactions

Δ(MC(t) ×RDC(t) ×MU(t)) −.367*** −.274*

Δ(MC(t) ×OC(t) ×MU(t))) −.136** .065

Δ(RDC(t) ×OC(t) ×MU(t)) .338*** .309*

Controls

ΔRevenue growth(t) .372*** .285***

ΔProfit growth(t) .097 .035

ΔROA(t) −.072** −.107**

ΔFirm size(t) .079* .033 .090 −.004
ΔNumber of segments(t) −.229*** −.118 −.012 .092

ΔStrategic emphasis(t) .209 .366 .104 .570**

Specification tests

Number of observations 7437 7437 7437 7437

Wald χ2(d.f.) 913.46(11)
*** 559.47(18)

*** 407.25(10)
*** 128.39(17)

***

AR(II) test(z-score) .70 .12 1.00 1.30

*** significant at p < .01; ** significant at p < .05; * significant at p< .1
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benefits of strong operations capabilities being more valuable
in funding R&D efforts in rapidly growing environments
where firms often seek to create product and service innova-
tion to allow them to capture greater volume and share in such
attractive marketplaces.

Regarding the moderating effects of competitive dyna-
mism, the three-way interaction results presented in Model 2
in Table 5 show that four out of the six three-way interactions
of firm capabilities and competitive dynamism are significant.
In line with our theorizing, this provides evidence of compet-
itive dynamism being an important boundary condition affect-
ing the capability-performance relationship. First, regarding
MC×RDC×COM, we find a negative three-way interaction
for both revenue growth (−.262, p< .05) and profit growth
(−.172, p< .05). Thus, the baseline positive interaction effects
of marketing and R&D capabilities on both sales and profit
growth (Model 1) become negative and significant in more
competitively dynamic markets. This indicates that while
firms with strong marketing capabilities may be better able

to leverage R&D investments, this is more difficult when com-
petition is highly dynamic and therefore more difficult to pre-
dict. Indeed, these results show that absent such predictive
ability, these generally synergistic capabilities can become
substitutes. Interestingly, this suggests that the ability to predict
competitive moves and responses may be a key part of the
growth value associated with firms’ marketing capabilities.

Second, the three-way interaction of MC×OC×COM is
negative and significant for revenue growth (−.161, p< .05),
but not significant for profit growth (−.062, p> .1). Thus, the
directionally negative (but insignificant) interaction between
marketing and operations capability on firms’ revenue growth
strengthens and becomes significantly negative in more com-
petitively dynamic markets. Competitive dynamism creates
greater difficulties for marketers in predicting rival moves and
competitive responses, which makes it more difficult to accu-
rately plan future product and service requirements needed to
match or exceed rivals’ offerings. Firms with strong operations
capabilities built on most efficiently delivering products and

Table 5 Effect of competitive
dynamism on firm capabilities–
growth relationship

ΔRevenue growth(t+1~3) ΔProfit growth (t+1~3)

Model 1: two-way
interaction

Model 2: full
model

Model 1: two-way
interaction

Model 2: full
model

Main effects

ΔMarketing capability(t) (MC) −.615 −.584 −.078 −.327
ΔR&D capability(t) (RDC) .385** .391 .332 −1.024***

ΔOperations capability(t) (OC) .588*** .485** .247 1.850***

ΔCompetitive dynamism(t) (COM) .350*** .044

Moderating effects

Δ(MC(t) × RDC(t)) 1.066*** .735* .736** .802**

Δ(MC(t) × OC(t)) −.101 −.149 −.509*** −.715***

Δ(RDC(t) ×OC(t)) −.387 −.112 −.260 .065

Δ(MC(t) × COM(t)) −.089 .136**

Δ(RDC(t) × COM(t)) −.075 −.024
Δ(OC(t) × COM(t)) .034 −.093

Three-way interactions

Δ(MC(t) × RDC(t) × COM(t)) −.262** −.172**

Δ(MC(t) × OC(t × COM(t))) −.161** −.062
Δ(RDC(t) ×OC(t) × COM(t)) .115 .223**

Controls

ΔRevenue growth(t) .372*** .255***

ΔProfit growth(t) .097 .077

ΔROA(t) −.072** −.119**

ΔFirm size(t) .079* .106** .090 −.235**

ΔNumber of segments(t) −.229*** −.284** −.012 .197

ΔStrategic emphasis(t) .209 .323* .104 2.106***

Specification tests

Number of observations 7437 7437 7437 7437

Wald χ2(d.f.) 913.46(11)
*** 483.29(18)

*** 407.25(10)
*** 69.36(17)

***

AR(II) test(z-score) .70 −.22 1.00 −.88

*** significant at p < .01; ** significant at p < .05; * significant at p< .1
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services of a given quality value the standardization benefits of
less customized offerings and fewer product and service chang-
es. This may offer less flexibility in allowing a firm to quickly
adjust its product and service offerings. The need for and rev-
enue growth impact of such product and service changes is
likely to be greatest in more competitively dynamic markets.

Finally, for Model 2 in Table 5, the three-way interaction of
RDC×OC×COM is positive and significant for profit
growth (.223, p< .05), but not significant for revenue growth
(.115, p> .1). This means that the generally directionally neg-
ative interactive effects of R&D and operations capabilities on
profit growth are reversed in more competitively dynamic
markets. This may be a result of the benefit of being able to
both create and efficiently build innovative new products and
services, providing a proactive means to combat the greater
difficulty of predicting future competitive moves and reac-
tions in more competitively dynamic markets. For example,
such capabilities may enable a pioneering first-mover business
strategy in such markets, by which the firm may reduce the
competitive uncertainty in its marketplace by acting proactive-
ly, forcing rivals to respond to its marketplace moves.
Alternatively, greater cost certainty and the ability to develop
and build innovative products in response to rapidly changing
competitive circumstances may simply be rarer and more
valuable than in markets where competitor moves are easier
to predict (and therefore accurately plan for).

Post hoc analyses

The findings reported in Tables 4 and 5 offer unequivocal
evidence about the complex relationship between the firm’s
marketing, R&D, and operational capabilities and its future
financial performance. However, from a manager’s perspec-
tive, understanding how available resources should be allocat-
ed to develop or improve specific capabilities, under different
competitive contexts, is a much more relevant question to
address. Seeking to gain additional managerial insights on
efficient capability investments, we estimated the incremental
percentage of revenues and profit growth (i.e., relative to the
average revenue and profit growth), under a variety of differ-
ent competitive contexts. These post-hoc analyses are visually
summarized in Fig. 1,7 which we use to identify and discuss
efficient combinations of firm capabilities investments under
different competitive scenarios.

Low munificence–high competitive dynamism In low mu-
nificence–high competitive dynamism markets, two capability
combinations yielded the greatest revenue and profit growth in
our sample: (1) high marketing capability combined with low
R&D and low operations capabilities and (2) a combination of

high marketing capability, high R&D capability, and high op-
erations capability. Therefore, our data suggest that superior
marketing capability and aligned levels of R&D/operation ca-
pabilities (e.g., high-high, or low-low) are the key to firms’
growth performance in slow-growing and more competitively
dynamic markets.

High munificence–high competitive dynamism Overall, in
high munificence–high competitive dynamism markets, firms
that are high in all three capabilities (marketing, R&D, and
operations) grow fastest in both revenue and profits. We also
find that firms low in R&D and operations capabilities, but high
in marketing capability, yield the second best revenue and prof-
it growth in such markets. Therefore, again, we find that strong
marketing and aligned levels of R&D/operation capabilities
(e.g., high-high, or low-low) are important for firm growth in
fast-growing and more competitively dynamic markets.

Low munificence–low competitive dynamism Similarly,
firms that enjoy the fastest revenue and profit growth in low
munificence–low competitive dynamism markets are firms
superior in all three core capabilities. However, firms with
high marketing and operations capabilities, but low R&D ca-
pabilities, have the second highest revenue and profit growth
in such markets. Therefore, both strong marketing and strong
operations (regardless of R&D level) are required to enable
the best growth performance in slow-growing and less com-
petitively dynamic markets.

High munificence–low competitive dynamism Lastly, firms
with high marketing capabilities but low R&D and operations
capabilities experience the highest revenue and profit growth in
high munificence–low competitive dynamism markets. In ad-
dition, firms that do well in marketing and R&D activities rel-
ative to rivals, but do not perform well in their operations ca-
pability, have the second best revenue and profit growth in such
markets. Therefore, keeping a combination of a higher level of
marketing capability and lower operations capability (regard-
less of R&D level) is desirable to enable growth success in fast-
growing and less competitively dynamic markets.

Implications

This research represents the first comprehensive examination of
the interactive effects of firm capabilities (marketing, R&D, and
operations) on firm growth over time in a large, multi-industry
sample. Overall, we find that marketing capabilities are gener-
ally complementary to R&D capabilities in driving firm
growth, while operations capabilities lower the profit growth
returns to firms’ marketing capabilities. In addition, we find
strong evidence that the growth outcomes of firms’ capability

7 In Fig. 1, dimmed and dashed lines represent non-significant slopes/
effects.
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investments are contingent upon the munificence and compet-
itive dynamism of the marketplace in which the firm operates.

Implications for theory

Four major implications for theory arise from our findings.
First, capability research to date has mainly focused on the
effects of individual capabilities on firm performance. By ex-
amining the joint effects of multiple capabilities and their inter-
actions simultaneously, this study enriches the scant literature
on interactive effects among multiple firm capabilities
(Newbert 2007; Kozlenkova et al. 2014). It also provides em-
pirical support for RBVand DC theory propositions that firms
with superior and complementary capabilities should have
more sustained competitive advantage by gaining economies
of scope and creating complementary rents through these syn-
ergistic interactions (Teece et al. 1997; Kozlenkova et al. 2014).

Second, we provide the first evidence that whether capabil-
ities are complements or substitutes and the impact this has on
firms’ growth depends on the market environment the firm
faces. Based on two important market boundary conditions
(market munificence and competitive dynamism), we provide
evidence consistent with arguments that such capability com-
plementarity versus substitution effects may be the result of
resource availability tradeoffs. In addition, this research also

contributes to the strategic management literature by provid-
ing strong evidence that the environment faced is important in
determining the returns to a firm’s capability investments and
that the Bfit^ between capability combinations and market
environment can change the value of each individual capabil-
ity as well as their interactions.

Third, this study is the first to examine the organizational
capabilities–firm growth linkage. In practice, growth is a key
aspect of performance on which managers set goals and are
assessed. Past research has identified certain specific marketing
capabilities as drivers of firms’ revenue and margin growth
(Morgan et al. 2009). Our research enriches the scant knowledge
on firm growth (Katsikeas et al. 2016) by identifying other key
firm capabilities (R&D and operations) beyond marketing and
their interactive joint effects (e.g., marketing–R&D interaction)
as key drivers of firm growth. This is important because, in
practice, organizational capabilities never exist alone. By using
longitudinal data to examine the joint effects of multiple capa-
bilities on firm growth in different market conditions, this re-
search provides a more comprehensive––and realistic––view of
how firm capabilities drive firm growth, and the market condi-
tions under which these effects are more or less prominent.

Finally, our results provide the strongest evidence to date
concerning the value of firms’ marketing capabilities. Prior
studies primarily either have been conducted in single

Fig. 1 Best combinations of firm capabilities under different market conditions
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industries, which allow for greater control over industry con-
tingent effects but limit generalizability, or have examined
marketing capabilities in isolation, without observing or con-
trolling for the impact of other capabilities that in practice exist
simultaneously within firms. By looking at three capabilities
simultaneously in a large sample of firms across industries and
over time, our findings offer the most compelling evidence to
date of the value of marketing capabilities.

Implications for managers

This research also has important implications for managers
concerning the desirability of investments in building market-
ing capabilities and coordinating such investments in other
key organizational capabilities to maximize firms’ ability to
grow under different market conditions. First, from a desir-
ability perspective, this research clearly shows that managers
should seek to build and maintain marketing capabilities that
are superior to those of their rivals. Importantly, we find no
circumstances in which having strong marketing capabilities
significantly reduces firms’ future growth performance. This
is not the case for either R&D or operations capabilities. The
clear message is that managers in firms seeking to grow need
to invest in building stronger marketing capabilities.

Second, this research provides new insights into the inter-
active manner in which multiple capabilities can affect firm
growth. Critically, for managers, this shows that it is not al-
ways optimal in terms of maximizing firms’ growth perfor-
mance to seek to achieve multiple strong capabilities simulta-
neously. Thus, to best improve business growth, managers
need to be aware of these potential tradeoffs and take them
into consideration when making decisions on investments in
multiple capabilities.

Third, this research provides specific insights into how to
deploy capabilities and their complementary rents to best fit
external conditions. The post hoc analyses show that different
market conditions require different combinations of firm ca-
pabilities to reach the highest revenue and profit growth. For
example, superior marketing capability and aligned levels of
R&D/operation capabilities (e.g., high-high, or low-low) are
the key to continuous revenue and profit growth in more com-
petitively dynamic markets regardless of market munificence.
However, in slow-growing and less competitively dynamic
markets, both strong marketing and strong operations capabil-
ities (regardless of the R&D capability level) are required to
enable growth. Last, a combination of a strong marketing
capability and a weak operations capability (regardless of
the R&D capability level) is the key to success in growth in
fast-growing and less competitively dynamic markets.
Therefore, this research should help managers make better
investment decisions in developing the Bright^ capability
combinations under different market environments to maxi-
mize the growth value of these capabilities.

Limitations and future research

A number of limitations in our study offer opportunities for
future research. First, we focus on interactions among three
key organizational capabilities (marketing, R&D, and opera-
tions) because these are core organizational activities that can
result in sustained advantages (Krasnikov and Jayachandran
2008). However, we recognize that other types of capabilities
(e.g., alliance management and merger and acquisition capa-
bilities) also exist within firms and that these offer interesting
possibilities for future research (Eisenhardt and Martin 2000).
Future research could further explore how these capabilities
interact with marketing, R&D, and operation capabilities. It
may also be useful to explore other marketplace conditions
and internal conditions (e.g., organizational slack, firm strate-
gies, and governance structures) that may influence the effect
of capability interactions.

Second, the capabilities studied in this research are mea-
sured at a relatively high level of abstraction due to the focus
of our research questions and calibration method (input–out-
put) used, relying on observable information from secondary
data. This enabled us to examine the overall interactive impact
of these three key firm-level capabilities without measuring
the underlying dimensions or various components of each
capability via repeated observations of the same firms in a
large sample over a long period of time. However, this ap-
proach also has downsides in terms of the granularity of in-
sights into each capability that can be gained. Future research
should explore the use of more direct measures of these capa-
bilities or use more fine-grained measures of each of these
firm-level capabilities to further explore other types of specific
marketing, R&D, and operations capabilities (e.g., brand man-
agement capability. product testing capability, quality man-
agement capability).

Third, while we empirically identify the best combinations
of firm capabilities for firms’ growth in different markets, we
do not know how firms may be able to identify the need for
and reconfigure their resources to create such functional capa-
bility configurations. Theoretically, this is a higher-order dy-
namic capability. Our research suggests that such a dynamic
capability must comprise some marketplace scanning compo-
nents to identify the types of characteristics in the market
faced that must be accounted for in configuring firm capabil-
ities. However, how such marketplace understanding leads
firms to reconfigure capabilities to achieve better fit with the
market conditions is empirically still largely unexplored, and
it should be a focus of future research.
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Appendix 1

Table 6 SIC industries included
in sample SIC

code
SIC industry label SIC

code
SIC industry label

01 Agriculture production – crops 45 Transportation by air

07 Agriculture services 47 Transportation services

10 Metal mining 48 Communications

12 Coal/lignite mining 49 Electric, gas & sanitary services

13 Oil and gas extraction 50 Durable goods

14 Forestry 51 Non-durable goods

15 General building contractors 52 Building materials, hardware, garden supplies and
mobile home dealers

20 Food and kindred products 53 General merchandise stores

21 Tobacco manufacturing 54 Food stores

22 Textile mill products 55 Automobile dealers & gasoline service stations

23 Apparel and other textile products 56 Apparel & accessory stores

24 Lumber and wood products 57 Home furniture, furnishings and equipment stores

25 Furniture and fixtures 58 Eating & drinking places

26 Paper and allied products 59 Miscellaneous retail

27 Printing and publishing 60 Depository institutions

28 Chemicals and allied products 61 Non-depository credit institutions

29 Petroleum and coal products 62 Security & commodity brokers, dealers, exchanges
&
services

30 Rubber/misc. plastic products 63 Insurance carriers

31 Leather and leather products 64 Insurance agents, brokers and service

32 Stone, clay, glass and concrete prod. 67 Holding & other investment offices

33 Primary metal industries 70 Hotels, rooming houses, camps and other lodging
places

34 Fabricated metal products 72 Personal services

35 Industrial and commercial machinery
and
computer equip

73 Business services

36 Electrical equipment and components 75 Automotive repair services & parking

37 Transportation equipment 78 Motion pictures

38 Measurement analyzing, control
instrument
and related products

79 Amusement and recreation services

39 Misc. manufacturing industries 80 Health services

40 Railroad transportation 82 Educational services

42 Motor freight transportation 87 Engineering, accounting, research management &
related services

44 Water transportation 99 Non-classifiable establishments
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Appendix 2

Stochastic frontier estimation of firm capabilities

Firm capabilities are estimated based on a general least
squares random-effects model and stochastic frontier (SF)

model, following Kumbhakar et al. (2015). Accordingly, firm
capabilities are modeled via a persistent component, which is
firm-specific time-invariant, and a residual component, which
is firm- and time-specific. This approach allows us to separate
firm capabilities into persistent and time-varying components
(Kumbhakar et al., pp. 274–278).

The general SF function is : Outputit ¼ α0 þ α1 � input1it þ α2 � input2it þ…þ μi þ εit

Where μi is a firm-level unobserved random effect
and εit is a firm and time specific error term. We further
decomposed μi to estimate the firm-specific time-invariant
persistent component and εit to estimate the firm- and
time-specific component. Conceptually, both μi and εit are to
be interpreted as inefficiency scores, capturing a firm’s
inefficiency in converting resources (i.e., inputs) into the
output.

The firm-specific time-invariant persistent component and
the firm-specific time-variant residual component are obtained
based on the maximum likelihood estimates of the following

equations:
μi ¼ ϑ1–δi þ νi
εit ¼ ϑ1–γit þ ωit

The firm-specific time-invariant persistent capability is
Exp(−δi), and the firm-specific time-variant residual capa-
bility is Exp(−γit). The overall firm capabilities are the
product of persistent and residual capabilities (see
Kumbhakar et al., chapter 10). This general method accom-
modates for several distributional assumptions on these er-
ror terms. Following Dutta et al. (1999, 2005), we assume
μi~N(0, σμ

2), εit~N(ε, σε
2) with ε>0, E[μiεit] = 0.

ln Salesitð Þ ¼ α0 þ α1⋅ln ADitð Þ þ α2⋅ln ADi t−1ð Þ
� �þ α3⋅ln SGAitð Þ þ α4⋅ln SGAi t−1ð Þ

� �þ α5⋅ln TRMitð Þþ
þ α6⋅ INDi þ μi þ εit

where, μi and εit are as described above and used to compute
marketing capabilities;

ADit = advertising expenses of firm i in year t;
ADi(t-1) = advertising expenses of firm i in year t-1;
SGAit = SG&A expenses of firm i in year t;

SGAi(t-1) = SG&A expenses of firm i in year t-1;
TRMit = number of trademarks of firm i in year t;
INDi = industry dummies (2-digit SIC code of firm i),

and
Salesit = sales revenue of firm i in year t

ln PTSitð Þ ¼ β0 þ β1⋅ln RDitð Þ þ β2⋅ln RDi t−1ð Þ
� �þ β3⋅ln PTSi t−1ð Þ

� �þ β4⋅INDi þ μi þ εit

where, μi and εit are as described above and used to compute
R&D capabilities;

PTSit = number of patents of firm i in year t
RDit = R&D expenses of firm i in year t

RDi(t-1) = R&D expenses of firm i in year t-1
PTSi(t-1) = patent stock of firm i in year t-1
INDi = industry dummies (2-digit SIC code of firm i),

and

Specifically, to estimate marketing capabilities, for firm i in year t in
each industry, we estimate:

Similarly, to estimate R&D capabilities, for firm i in year t in each
industry, we estimate:
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ln COGSitð Þ ¼ γ0 þ γ1⋅ln XPRitð Þ þ γ2⋅ln XCAPitð Þ þ γ3⋅INDi þ μi þ εit

where, μi and εit are as described above and used to compute
operations capabilities;

COGSit = cost of goods of firm i in year t
XPRit = labor costs of firm i in year t
XCAPit = capital costs of firm i in year t, capital costs are

total interest and dividends paid
INDi = industry dummies (2-digit SIC code of firm i).

All estimated firm capabilities are rescaled as a 1–100 in-
dexes (Bahadir et al. 2008).
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