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Profit Efficiency as a Measure of
Performance and Frontier Models:
A Resource-Based View

Antonio Arbelo', Marta Arbelo-Pérez? and Pilar Pérez-Gomez?

Abstract

Although the resource-based view (RBV) of the firm is one of the most accepted theories of strategic management, it has
been criticized for its limited empirical support. The RBV basically predicts the relationship between the firm’s resources
and its performance. This study argues that it is more appropriate to measure firm performance using profit efficiency
than traditional financial or accounting measures and that frontier models have great potential in empirical research on
the RBV. To test this idea empirically, we used a stochastic frontier model with random coefficients to evaluate the
impact of corporate reputation on profit efficiency. Finally, implications of the aforementioned focal points are discussed.
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Introduction

One of the basic questions that occupies both researchers
and professionals in strategic management is to understand
and explain why firms in the same industry generate differ-
ing performance. The answer to this question lies in deter-
mining the sources of competitive advantage, identifying
where these advantages are based and specifying how they
can be sustained. Therefore, one controversial aspect of
empirical studies on management research is the measure-
ment of firm performance as a reflection of its competitive
advantage. Most of the research on strategic management
uses accounting or financial indicators to measure firm per-
formance, such as return on assets (ROA) or return on equity
(ROE), among others (e.g., Bierly & Chakrabarati, 1996;
De Carolis, 2003; Deephouse, 2000; Fernandez, Iglesias-
Antelo, Lopez-Lopez, Rodriguez-Rey & Fernandez-Jardon,
2019; Hull & Rothenberg, 2008; Lin & Wu, 2014; Markides
& Williamson, 1996; Wu, Yeniyurt, Kim & Cavusgil, 2006).
However, the use of an aggregate measure such as these
accounting or financial indicators as a dependent variable
has serious drawbacks. In this sense, Coff (1999) argues that

it is possible that not all rent generated by a competitive
advantage will be reflected in traditional financial measures
of performance. For example, “a resource-based advantage
may result in relatively little rent observable in measures of
firm performance. . . . most performance measures capture
only the rent that is not appropriated by the most powerful
stakeholders” (Coft, 1999: 131).

In addition, assessing only the financial dimension of
performance ignores other relevant dimensions. A purely
financial measure does not take into account, for example,
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that the efficiency with which a firm uses its resources can
be the main source of its competitive advantage (Chen,
Delmas & Lieberman, 2015). Furthermore, simple finan-
cial metrics are not relative measures of performance, as
they cannot reveal the gap between actual and optimal
performance.

Given the importance that a firm’s performance has for
research on strategic management, the measurement of
such performance requires greater consideration in the lit-
erature. As noted by Richard, Devinney, Yip and Johnson
(2009), examination of a firm’s performance requires
addressing both its dimensionality and the nature of its
measurement. To overcome the drawbacks of traditional
measures of a firm’s performance, we propose an innova-
tive concept of performance measurement: profit effi-
ciency. Profit efficiency refers to a firm’s ability to manage
its resources and produce outputs with greater economic
value. This concept encompasses errors on the input side
as well as on the output side. In addition, unlike the perfor-
mance measures used by previous studies in the RBV-
related literature, profit efficiency is an indicator that
assesses both the efficiency of a firm and the potential
profit that this firm could earn if it were completely effi-
cient. Consequently, profit efficiency is a better predictor
for evaluating the overall performance of a firm than
accounting and financial indicators.

It is expected that this novel performance measure will
provide different results than previous empirical work on
RBYV. Financial and accounting indicators usually have dif-
ferent scores than profit efficiency and cannot be correlated
due to intrinsic differences (Han, Kim, & Kim, 2012). For
example, a firm with a high ROA may be inefficient when
other economic and environmental dimensions are taken
into account. Therefore, using profit efficiency as a perfor-
mance measure can provide more empirical support to
RBYV research than has been achieved so far.

Profit efficiency measures the distance between the cur-
rent profit of a firm and the efficient profit frontier (Berger
& Mester, 1997). As indicated by Chen et al. (2015), it is
rare for a firm to be top on the list of all possible measures
of performance. Therefore, “identifying the firms that
define the best performance frontier across the relevant
measures is an important task that is seldom performed”
(Chen et al., 2015: 20). The frontier methodology allows us
to estimate the efficient frontier (in this case of profits) and
to understand performance beyond a mere comparison with
profitability or financial performance, since it evaluates the
performance of a firm in relation to the efficiency frontier.

To investigate our proposal, we will apply one of the
most important theories of strategic management: the
resource-based view (RBV) of the firm (Barney, 1991;
Wernerfelt, 1984). As Peteraf and Barney (2003: 311)
argue, the RBV is “an efficiency-based explanation of per-
formance differences, rather than one relying purely on
market power, collusion, or ‘strategic’ behaviours”. In the

RBYV, firms obtain a sustained competitive advantage by
developing resources and capabilities that are valuable,
rare, inimitable, and non-substitutable. This theory high-
lights the importance of the resources and capabilities of
the firm to achieving performance above the industry aver-
age. From an analytical perspective, the RBV assumes that
the competitive position of a firm depends on how special-
ized its assets and skills are and focuses its attention on the
optimal use of these to create competitive advantage. For
this, the RBV is based on two main assumptions (Barney,
1991): (1) the firms in an industry are heterogeneous with
respect to the resources they possess and (2) these resources
are not perfectly mobile and, therefore, the heterogeneity
will persist over time.

The utilization of resources is an important issue in the
RBV (Majumdar, 1998; Miller & Ross, 2003), since as
Winter (1995) argues, the mere possession of an exclusive
resource does not guarantee that a firm achieves a com-
petitive advantage. In this sense, Mahoney and Pandain
(1992) argue that firms can achieve a greater profit not
because they have superior resources but because their dis-
tinctive competences allow them to use those resources
more efficiently. That is, a firm may have the skills to
accumulate resources, but these resources would not be
sufficient to achieve a competitive advantage; in addition,
these resources must be used efficiently (Majumdar, 1998;
Peteraf, 1993). In summary, firms that do not use their
resources efficiently in production processes cannot expect
to obtain a potential competitive advantage from them
(Ray, Barney & Muhanna, 2004).

There are numerous theoretical and empirical works in
the literature on RBV. Newbert (2007) has reviewed this
literature to assess how the RBV has been empirically
tested, as well as the level of support the RBV has received.
Armstrong and Shimizu (2007) have also reviewed the
empirical research on the RBV but focus more on meth-
odological issues. Although the RBV has provided impor-
tant knowledge for strategic management, Hoskisson,
Wan, Hitt, and Yiu (1999) argue that the empirical research
supporting the RBV is limited. In this same sense, Newbert
(2007: 134), concludes that . . ., it seems that while the
RBV has received considerable attention in the empirical
literature, it has only received marginal support”. This
author found that only 53% of the studies analysed support
the RBV. However, it is not clear if this lack of empirical
support is “attributable to the RBV or to methodological
problems” (Armstrong & Shimizu, 2007: 960)'.

The objective of this paper is to argue, in the framework
of the RBYV, that it is more appropriate to measure a firm’s
performance using profit efficiency than using traditional
financial or accounting measures. To test this idea empiri-
cally, we used a stochastic frontier model with random
coefficients to evaluate the impact of corporate reputation
on profit efficiency. This methodology has great potential
for empirical research on the RBYV, since it allows
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researchers to assess efficiency in the use of resources and
capabilities from a firm-specific point of view (Chen et al.,
2015; Lieberman & Dhawan, 2005). Furthermore, a cen-
tral factor in the RBYV is that firms in an industry are het-
erogencous in terms of the resources that they possess.
Therefore, one must assume that firms, even in the same
industry, face possibilities of different productions.
However, although most prior studies on the RBV theo-
retically recognize the heterogeneity of firms with respect
to strategically relevant resources, in practice, such studies
use methodologies that do not assume this heterogeneity
(Mackey, Barney & Dotson, 2017). Tsionas (2002) pro-
poses a stochastic frontier model with random coefficients
in which it is assumed that firms do not operate under a
common frontier, assuming that firms are heterogeneous.

Reputation is a resource whose determinants are
complex, intrinsic to the firm and possessing a high
degree of ambiguity, all of which make it a difficult
resource to imitate’. Flanagan and O’Shaughnessy
(2005) point out that reputation is likely one of the most
important strategic resources, and, as suggested by
Barney (1991) and Hall (1992), a positive corporate
reputation can be a source of sustained competitive
advantage. There have been various studies investigat-
ing the relationship between reputation and firm perfor-
mance (e.g., Black, Carnes, & Richardson, 2000; Boyd,
Bergh, & Ketchen, 2010; Deephouse, 2000; Roberts &
Dowling, 2002; Vergin & Qoronfleh, 1998) confirming
a positive relationship between reputation and perfor-
mance. However, many of these studies use financial
performance as a dependent variable and cross-sectional
methods. In contrast, this investigation uses a measure
of performance and a methodology that are novel to
empirical research on RBV.

This paper contributes to extending the existing litera-
ture on empirical tests on the RBV, providing two impor-
tant contributions: (1) it uses the concept of profit efficiency
as a measure of firm performance, and (2) it uses a sto-
chastic frontier model with random coefficients to estimate
profit efficiency while assuming the heterogeneity of
resources. The rest of the study is organized as follows. In
the next section, we discuss the concept of profit efficiency
as a measure of performance. Next, we analyse the sto-
chastic frontier methodology. Then, we use a sample of
firms to empirically test the relationship between reputa-
tion and profit efficiency. Finally, we present the results
and conclusions.

Profit Efficiency as A Measure of
Performance

The measurement of firm performance is a core issue in
strategic management. The measurement of firm perfor-
mance is essential for researchers and managers because it
enables them to evaluate the effectiveness of the strategies

they have implemented. Table 1 summarizes previous
RBYV studies and the methods they used to evaluate firm
performance. As shown in Table 1, most of the empirical
research on the RBV uses a financial measure of perfor-
mance such as ROA. However, measuring performance
using accounting and financial indicators has considerable
shortcomings. Financial and accounting measures only
reflect the economic interests of managers and sharehold-
ers but not the interests of other important stakeholders
such as employees, suppliers and customers (Richard,
et al., 2009). As indicated previously, Coff (1999) points
out that stakeholders can appropriate part of the rent gener-
ated by a competitive advantage, and therefore, it will be
not reflected in the firm’s financial performance. In this
context, the choice of accounting and financial indicators
may bias the measurement of performance by ignoring the
distribution of created value across stakeholder groups.

Simple financial metrics also ignore other relevant
dimensions. These metrics do not consider the gap between
actual and potential performance because they are not rela-
tive performance measures, nor do they consider how
managers use resources. To address these shortcomings,
we propose an innovative concept of performance meas-
urement: profit efficiency. This concept reflects the ability
of firms to exploit their exclusive resources and capabili-
ties in a way that enables them to reduce costs and/or
increase revenues by responding optimally to changing
market conditions.

Resource heterogeneity is also a fundamental issue in
RBV. As shown in Table 1, most research uses methodolo-
gies to evaluate the impact of different resources or capa-
bilities on the performance but that do not adequately
capture the heterogeneity of resources across firms. These
methodologies only examine the average relationship
between resources or capabilities and firm performance.
This constraint leads to a mismatch between theoretical
RBYV assumptions and empirical RBV studies. To ade-
quately incorporate resource heterogeneity, we propose an
alternative methodology for empirical RBV research: sto-
chastic frontier model with random coefficients. Finally, as
shown in Table 1, the resources and capabilities analysed
are diverse, and the samples used are relatively small and
focused on different industries in different countries.

Additionally, most of the studies on RBV also consider
the concepts of “competitive advantage” and “perfor-
mance” as interchangeable, accepting the hypothesis that a
competitive advantage produces superior performance
(Newbert, 2007; Powell, 2001). However, according to
Newbert (2008), the fact that a firm possesses exclusive
resources/capabilities does not necessarily imply any per-
formance improvement. Therefore, it should not be
assumed that there is a direct relationship between com-
petitive advantage and improved performance. In other
words, access to exclusive resources is irrelevant if these
resources are not used efficiently (Majumdar, 1998).
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To improve performance, firms must be able to effi-
ciently use their exclusive resources/capabilities in a way
that allows them to reduce costs, exploit market opportuni-
ties and/or neutralize competitive threats (Newbert, 2008).
Consequently, as previously indicated, we consider profit
efficiency as a measure of performance since it is superior
to the traditional measures of performance used in empiri-
cal research on the RBV. The concept of profit efficiency
refers to the firm’s ability to reduce costs and to create
greater economic value from its output.

Peteraf and Barney (2003) emphasize the role of a
firm’s strategic resources in the creation of value. For these
authors, the economic value of a good or service is the dif-
ference between its selling price and the economic cost of
producing it. This definition of economic value is less
associated with price or cost than with the commercial
margin of a product. For a firm to generate a higher margin
or greater value, it must not only combine and use its
resources efficiently (cost efficiency) but also choose an
efficient product-market combination (revenue efficiency).
In this manner, a firm could create more value than its
competitors by being capable of generating more revenue
at the same cost and/or by incurring lower costs while pro-
ducing the same revenue.

The economic literature considers the two most impor-
tant concepts of efficiency to be cost efficiency and profit
efficiency, since they are based more on economic optimi-
zation in reaction to prices and competition in the market
and less on the use of a certain technology (Berger and
Mester, 1997). In other words, these two concepts of effi-
ciency respond to two important economic objectives: the
minimization of costs and the maximization of profits.
Cost efficiency is defined as the ratio between the mini-
mum cost that can be achieved for a given volume of pro-
duction and the current production cost. This concept tells
us how much higher the costs of a firm are in relation to the
costs of the most efficient firm that produces the same
combination of outputs given the same prices for inputs,
considering that the difference cannot be explained by a
random error. For Leibenstein (1966), most of these inef-
ficiencies have their origin in management and/or organi-
zational errors. Consequently, we can affirm that cost
inefficiencies are due, first, to a bad choice of production
plan (allocative inefficiency) and, second, to poor imple-
mentation of the production plan (technical inefficiency).
Cost efficiency thus refers to the ability of a firm to mini-
mize its costs for a given amount of output.

A recent research study by Chen ef al. (2015) describes
in detail the few studies in the literature on strategy that
use efficiency as a performance measure®. For each of
these studies, the authors analyse the estimation methods
used, sample size, input and output variables selected,
industry type, and average cost efficiency obtained. All
these studies represent a major step forward in the litera-
ture on strategy since (1) the capacity of firms to minimize

their costs is part of the RBV and (2) the efficient use of
resources is crucial to achieving competitive advantage
(Majumdar, 1998). However, despite the importance of
cost efficiency as a potential source of cost reductions, this
concept suffers from two significant weaknesses (Berger
& Mester, 1997):

1) Cost efficiency evaluates efficiency for a given
level of output, which normally does not have to
correspond to the optimal level of production.
Thus, even if a firm is cost-efficient for its current
scale of output, it is very likely that it is not for its
optimum level of output.

2) Cost efficiency does not include possible differ-
ences in the quality of outputs. If these quality dif-
ferences are not taken into account, given that
higher quality implies a higher cost, we could make
the mistake of considering this higher cost as inef-
ficiency when in fact it is due to unmeasured dif-
ferences in the quality of outputs.

These shortcomings, together with the fact that the objec-
tive of a firm is not only to minimize its costs but also to
choose a combination of outputs that maximizes its reve-
nue, have given rise to the concept of profit efficiency.
Profit efficiency is defined as the proportion of the maxi-
mum profit* that a firm obtains (Berger & Mester, 1997),
and it incorporates both cost efficiency and revenue effi-
ciency. Revenue inefficiencies have their origin in an
erroneous choice of market and/or competitive strategy
and reflect the failure to produce a higher output value.
Alternatively, a firm can also have revenue inefficiencies
if the response to the relative prices of the outputs is poor
and it produces few of the high margin outputs and many
of the low margin ones. In this way, revenue inefficiencies
are analogous to cost inefficiencies, since in both cases
they cause a net loss of real value, whether the loss is in
terms of a lower value of the output produced or a higher
value of the consumed inputs. As such, for a firm to create
value, it must increase its efficiency, and the efficiency
concept that best measures this value creation is the profit
efficiency.

This concept also takes into account possible differ-
ences in the quality of outputs, since the additional rev-
enue from generating higher quality output is included,
which can more than compensate for the extra cost of
this higher quality. That is, if a firm spends an additional
one euro to increase the quality of its output such that
income is increased by two euros, ceteris paribus, this
would be correctly evaluated as improving the profit
efficiency, but it would be incorrectly evaluated as low-
ering cost efficiency.

Thus, profit efficiency is a concept that connects not
only with the reduction of costs but also with the creation of
a higher value output, in line with the concept of efficiency
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proposed by Peteraf (1993) and Peteraf and Barney (2003)
in the framework of the RBV. Defined in this manner, profit
efficiency is the most appropriate concept of efficiency for
evaluating overall performance because it accounts for the
impact of a firm’s activity in terms of both costs and reve-
nues, as well as their interaction, thereby better reflecting
the goal of profit maximization. Therefore, considering
profit efficiency as a measure of performance will allow us
to know not only the differences in the use of resources
among firms (cost efficiency) but also the differences in the
response to the relative prices of the outputs (revenue effi-
ciencies). In addition, profit efficiency, unlike other finan-
cial or accounting measures of performance, is an economic
indicator that not only reveals how efficient a firm is but
also indicates how much more profit that firm could achieve
if it were completely efficient (Han, et al., 2012).

The literature distinguishes between standard profit effi-
ciency and alternative profit efficiency depending on
whether the hypothesis of perfect competition in the mar-
kets of inputs and outputs is assumed or not (Humphrey &
Pulley, 1997). Standard profit efficiency measures how
close a firm is operating to its maximum profit given a price
level for inputs and a price level for outputs, assuming per-
fect competition in these markets. This means that a firm
takes as given the prices of inputs and outputs and maxi-
mizes its profit by adjusting their quantities. Therefore, the
standard profit function can be expressed as

T = (p,wexp(v, Jexp (—u,) M

where 7 is the profit variable, p is the price vector of the
variable outputs, w is the price vector of the variable
inputs, u_ represents the inefficiencies found that reduce
profit, and v_represents random error.

However, in practice, the assumption of perfect compe-
tition is not applicable in many industries, as firms can
exercise some market power in setting the price of outputs.
In this case, the estimation of standard profit efficiency is
not advisable, since alternative profit efficiency is more
appropriate. Alternative profit efficiency measures how
close a firm is operating to its maximum profit given its
level of output. That is, in estimating the alternative profit
efficiency, the quantity of output is taken as given and the
price of the outputs is allowed to vary freely and affect the
profit of the firm (Berger & Mester, 1997). In this way, we
define the alternative profit function as

= (y, wexp(v, Jexp (-u,) 2

where the variables are defined as in (1) and y is the vector
of quantities of the variable outputs. Based on equation
(2), the alternative profit efficiency of a firm b ( E?) is
defined as the ratio between the current profit and the max-
imum profit that a firm could achieve if it were perfectly
efficient (u, =0), that is,

Eb— SO W) exp(v,”)exp(-u,”)

= ., (3
" 1O" W yexp(r,?) exp(u;’) O

Profit efficiency thus defined is simply the proportion of
the maximum profit obtained by a firm; thus, the closer the
value of E_is to one, the greater the profit efficiency is. For
example, a profit efficiency ratio of 0.80 would indicate
that, due to excessive costs and/or inadequate revenue, a
firm is losing approximately 20% of its maximum poten-
tial profit.

Stochastic Frontier Methodology

The frontier method has been the most often used method-
ology for estimating efficiency. According to this method-
ology, a firm is labelled efficient if it operates in the
efficient frontier of the industry. There have been numer-
ous studies on strategic management® that use the frontier
method (Chen et al., 2015; Delmas & Montes-Sancho,
2010; Knott, Posen & Wu, 2009; Majumdar, 1998;
Majumdar & Marcus, 2001;). Among these methods, data
envelopment analysis (DEA) and the stochastic frontier
approach (SFA) are the most used. The DEA was intro-
duced by Charnes, Cooper and Rhodes (1978) and uses
linear programming techniques to estimate efficiency.
However, the DEA is a nonparametric method that ignores
prices and, therefore, can only measure technical effi-
ciency. A second drawback of this method is that it consid-
ers the entire distance between a firm and the efficient
frontier as inefficiency, not taking into account the possi-
ble existence of random errors.

The SFA is a methodology that uses econometric meth-
ods to estimate efficiency; it was introduced simultane-
ously by Aigner, Lovell and Schmidt (1977) and Meeusen
and Van den Broeck (1977). Unlike DEA, SFA is a para-
metric technique that is better suited to the concept of
profit efficiency discussed above. In the SFA, it is said that
a firm is inefficient in profit if its profit is less than the
best-practice profit after eliminating the random error.
That is, the performance of a specific firm is evaluated
with respect to the efficient frontier, and any deviation
from this efficient frontier is due to random errors and
inefficiency. In the SFA, this deviation is represented by a
compound error term.

The possibility of having panel data allows more relia-
ble estimates of efficiency to be obtained, since it provides
a level of efficiency for each firm throughout the study
period. Normally, panel data models assume that efficiency
is invariant over time. However, Battese and Coelli (1995)
propose a model that relaxes this assumption and suggest
that the determinants of inefficiency can be expressed as a
linear function of a set of explanatory variables that reflect
the inherent characteristics of a firm. Therefore, the model
of Battese and Coelli (1995) enables estimation of the
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efficiency for each firm and of the factors that explain the
efficiency differences between firms in a single stage esti-
mation procedure®. This paper uses the Battese and Coelli
model (1995) to estimate the alternative profit frontier
function and the effects function of inefficiency. The alter-
native profit function can also be expressed as

Ty = ot x, By, —u, “4)

i=1...,Nfirms,t= 1. .., T periods

where 1, is the profit of firm i at time #, o is an intercept,
x;, is the vector of the explanatory variables (output quan-
tities and input prices), f3 is the vector of the parameters to
be estimated, u,, represents inefficiencies found that reduce
profit’, and v,, represents random error. To facilitate the
estimation of inefficiency, it is assumed that random error
and inefficiency, v and u, respectively, are separable from
the remainder of the profit function. Furthermore, it is
assumed that random errors v, are independent and identi-
cally distributed as N (O,GVZ) and independent of u,,.

The traditional frontier models consider that all the
firms in an industry share the same technology; that is to
say, there is no heterogeneity between them and, therefore,
it is assumed that the efficient frontier is common for all
firms. However, a basic assumption of the RBV is the het-
erogeneity of resources between firms (Barney, 1991;
Peteraf, 1993). If firms are heterogeneous from the point
of view of resources, in the sense that some firms have
resources that generate more value than others (Peteraf,
1993), then the assumption that all firms face the same
efficiency frontier is incorrect. That is, each firm will have
its own efficiency frontier and, therefore, inefficiency will
be given by the deviation of each firm from its frontier of
possibilities. Tsionas (2002) proposes a new model where
it is possible to relax the assumption that all firms in an
industry are homogeneous and face the same efficient
frontier. This model is called the random stochastic fron-
tier model and can be expressed as

Ty =atx By, —u, Q)

i=1...,Nfirms, ¢t = 1.. . T periods

where B, is the vector of random parameters to be esti-
mated. That is, it is assumed that the coefficients of the
explanatory variables vary between firms, and therefore,
each one has its own optimal possibilities frontier®. This
approach takes into account the differences in the alloca-
tion of resources between firms. The other variables have
the same interpretation as in equation (4).

The stochastic frontier can be estimated using maxi-
mum likelihood techniques or Bayesian techniques. The
use of Bayesian techniques is gaining prominence due to
their greater flexibility and benefits with respect to the
maximum likelihood method. The Bayesian approach cas-
ily incorporates non-sample information in the analysis,
the results are presented in terms of probability density

functions (pdfs) and it allows the estimation of more com-
plicated and robust models (Assaf, Oh, & Tsionas, 2016).
In addition, the estimation is unbiased with respect to the
sample size (Chen, Barros, & Hou, 2016). Therefore, we
estimate model (5) using Bayesian techniques, and the
parameters f3; are considered to follow a multivariate nor-
mal distribution such that

B, ~ N(B,22) (6)

where B is a vector of parameter means and Q is a posi-
tive definite covariance matrix. If Q=0, the model consid-
ered will be that specified in equation (4), that is, a fixed
stochastic frontier model.

It is also assumed that f3, is independently distributed,
and therefore, both v, and u,, are independent of x,,. This
model is considered a hierarchical model with two levels
of latent variables, 3, and u,,. Each firm in the sample has
its own profit function with parameters f3, capturing the
heterogeneity between the firms.

If we substitute expression (6) into (5), we obtain

Tt =a+x},ﬁ+s” Uy (7)
where ¢, is are independently distributed as
N(0,6 +x,,Qx,). Therefore, equation (7) shows how
the model specified in equation (5) is a stochastic frontier
with heteroscedastic measurement errors.

The Bayesian estimation of model (5) requires prior
information about the parameters. A common practice is to
specify non-informative priors. Following Tsionas (2002),
we consider the following:

1. o isanormal distribution with mean o, and vari-
ance o., such that a ~ N(a,,0.). We define
o,=0 and o2 =10 _ _

2. B, is distributed as N(B,€2). In turn, B follows a
normal distribution with mean ;=0 and variance
0'123 =107°, and the prior Q is defined as an inverted
Wishart distribution.

3. o2 follows a gamma distribution, such that 2~
(a,b), with mean a/b and variance a/b? where a=
1073 and b=1073.

4. In the Bayesian approach, it is usually assumed that
the inefficiency term u,, follows an exponential distri-
bution with parameter A, (Assaf, 2009; 2011; Chen,
Barros, & Borges, 2015), such that u, ~ (A,). It is
assumed that profit inefficiency (u,) depends on
covariates with A, = exp(z,d), where z, represents the
determinant factors of u, and & represents the param-
eters to estimate. The prior of parameter A, is defined
as A, ~ (—logr’), where " is the mean prior efficiency
of the different firms in the sample. Given that there is
little evidence of what this mean profit efficiency
would be, we consider that r* ~ (0.5,0.8), that is, effi-
ciency varies within a range from 50% to 80%.
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In turn, the likelihood function of the model (7) can be
expressed as

— 2
L(a,ﬁ,o,é;n,X)—NTln5+[%J TYY

—&, —OW, ®)
+3L, ¥V [zmp (%) + 58,.,}

it

where ¢, =7, —a +x}, B,w, =0’ +x,Qx, and @(-)indi-
cates a standard normal distribution function.

Once the priors and the likelihood function are speci-
fied, the posterior distributions of each of the parameters
of the model can be estimated’. Finally, the estimation of
the stochastic frontier with random coefficients is carried
out using the Markov chain Monte Carlo (MCMC) method.
In particular, the Gibbs algorithm is used, introduced by
Koop, Steel, and Osiewalski (1995).

Data and Model Specification

Data and variables

The RBV explains in essence the relationship between
resources (independent variables) and the performance of
a firm (dependent variable) (Armstrong & Shimizu, 2007).
To test our proposal on the measurement of a firm’s perfor-
mance and the potential of frontier models in empirical
research on the RBV, we will empirically analyse the rela-
tionship between the resource “corporate reputation” and
profit efficiency. Reputation is probably one of the most
important strategic resources for achieving a competitive
advantage in practically any industry (Boyd, Bergh &
Ketchen, 2010).

When the resource to be investigated is a valuable
resource across many industries, it is advisable to include
firms from different industries in the sample (Armstrong &
Shimizu, 2007). According to Dess, Ireland and Hitt
(1990), empirical research in a multi-industry context,
independently of increasing the size of the sample, has the
following advantages: (1) its results are more accurate,
since they probably will not be contaminated by the char-
acteristics of each industry and (2) its results allow greater
generalization. However, when the research includes firms
from different industries, these authors highlight the
importance of controlling the possible effects that the
industry environment can have on firm performance. To do
this, control variables that reflect this effect must be intro-
duced in the analysis. In our case, these control variables
are not necessary, since the frontier model with random
coefficients used in the empirical analysis assumed that
they do not operate under a common frontier. That is, it is
assumed that firms are heterogeneous, not only within
firms in different industries but even within firms in the
same industry!°.

This study uses balanced data from 49 Spanish firms
belonging to different industries during the period 2010-
2016 (343 observations)!!. Employing panel data in empiri-
cal research on RBV is necessary if we want to analyse the
impact of resources on sustained competitive advantage,
since it seems evident that the use of longitudinal data allows
us to more adequately capture the concept of sustainability
than cross-sectional analysis (Armstrong & Shimizu, 2007).

The financial data were extracted from the Iberian
Balance Sheet Analysis System, eliminating the firms for
which there was missing information. To measure corpo-
rate reputation, the Corporate Reputation Business Monitor
(MERCO) was used'?. MERCO is a reputation evaluation
instrument based on a multi-stakeholder methodology and
composed of diverse evaluations and multiple sources of
information; it is one of the reference tools to measure the
extent of the corporate reputation of Spanish firms. In this
way, the research design integrates a qualitative and quan-
titative methodology that is “likely to be a fruitful course,
especially because of the reemphasis on issues inside the
firm through the RBV” (Hoskisson ef al., 1999: 447).

The selection of the variables was made according to
the literature and available information. Regarding the
profit frontier function, we specify two outputs, operating
revenue and other operating revenues, and four inputs
(resources necessary to obtain the revenue of the firms).
These inputs include the number of full-time equivalent
employees, total spending on materials, other operating
expenses and physical capital. The prices of the inputs can-
not be identified directly, therefore, it must be approached
from the available information. Last, the dependent varia-
ble of the profit frontier function is the EBIT. All of these
variables are listed below!3:

Output variables
x, = Operating revenues

x, = Other operating revenues (includes other reve-
nue not earned from the firm’s principal activity:
rental of premises, laundry services, beauty and hair-
dressing salons, casinos, tours, sports venues, confer-
ences, swimming pools, etc.).

Input variables

x; = Price of labour (estimated as total cost of salaries,
including social security costs, divided by the number
of equivalent full-time employees)

x, = Price of materials (estimated as total spending on
materials divided by operating revenues)

x; = Price of other operating expenses (estimated as other
operating expenses divided by operating revenues)

x, = Price of physical capital (estimated as the depre-
ciation of fixed assets divided by the fixed assets)
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Table 2. Descriptive statistics of variables and correlations.

Variable Mean SD ) 2 4 5 6 7
. EBIT?(m) 336,755.12 846,738.24
2. Operating revenue® (x,) 5111,258.03 8,080,493.46 0.66™
3. Other operating revenue?® (x,)  79,520.17 152,095.46 042"  0.75"
4. Price of labour® (x;) 57.47 3245 002 -0.16 -0.13
5. Price of materials (x,) 0.43 0.29 0.03 039" 036" -0.46"
6. Price of other operations (x;) 0.24 0.16 -021  -037" -028" 030" -0.70"
7. Price of capital (x,) 0.08 0.06 -0.03 -006 -0.24 0.42" -0.09 0.05
8. Reputation (z)) 5,498.52 1,712.88 0.57% 041" 021 0.15 -0.05 -001 0.09
9.  Time trend (z,) 4 2

2ln thousands of euros.
**Statistically significant at 1% (p < 0.01).
*Statistically significant at 5% (p < 0.05).

Dependent variable

= EBIT (earnings before interest and taxes)
Variables for the effects of inefficiency function:

z, = reputation

z, = time trend (this variable equals 1 in 2010, 2 in
2011, .. .,and 7 in 2016)

Table 2 shows the descriptive statistics of the variables
between 2010 and 2016. The average reputation is 5,498,
and its standard deviation is 1,712, showing that reputation
differs among the firms in the sample, a necessary condi-
tion for a resource to be rare.

Model specification

One of the requirements for estimating the stochastic fron-
tier is to specify its functional form. Most studies have
chosen between two functional forms: Cobb-Douglas and
translog. To choose the most appropriate, we will use the
deviance information criterion'* (DIC) (Spiegelhalter,
Best, Carlin, & Van der Linde, 2002). The functional form
that best fits the sample of this study is the translog, since
it has a DIC = -671.74, which is lower than the Cobb-
Douglas functional form (DIC = -361.3).

An important issue to take into account with the trans-
log functional form is that the dependent variable, =, , takes

ir

negative values when the firm obtains losses, causing a
problem in the estimation of the stochastic frontier, since
the logarithm of a negative number is not defined.
Therefore, the standard approach to calculating the opti-
mal frontier is to rescale the variable ,,, such that the prof-
its of each firm are added to the absolute value of the
highest observed loss in the sample plus 1 (m+|x™"|+1).
However, this manipulation of the data can cause non-con-
trollable effects on the structure of the error term, which is
particularly problematic when we are interested in estimat-
ing inefficiency (Bos & Koetter, 2011).

Bos and Koetter (2011) propose an alternative approach,
which is to create a new independent variable called the
negative profit indicator (NPI). When the firm obtains posi-
tive results, this variable is equal to one, since all the avail-
able information is already collected in the dependent
variable. However, when the firm incurs losses, the NPI
variable is equal to the absolute value of those losses. In this
case, the dependent variable, w,, takes the value of one. Bos
and Koetter (2011) compare both methodologies and show
that this new approach improves the accuracy of the levels
of profit efficiencies obtained, the discriminatory power of
the model, and the rank stability. For this reason, this study
will apply the approach proposed by these authors.

According to the above, the specification of the sto-
chastic profit frontier translog with random coefficients
for the case of two outputs and four inputs and imposing
the restrictions of homogeneity and symmetry can be
expressed as

1
2

.
In(—=)=o+ Biilnx, ; + Byidnxy, + Bs dn(xs /X 5) + By dn(xy s | Xg,0) + Bs dn(xs 1 xg:) + _[ﬂ6,i (In xl,n)z J

Xe,it

1 1
+ Byl + [ Byi(inxy ) |+ > [ Bo (U ey /56,0 [+ Broadn(ey s/ g, ) Iy /%)

1
+ B (n(xs, / xg,) In(xs 1 xg5) +5[ﬁ1z,i (In(xq; 1 Xg, ))2:|+ﬁ13,i (n(xg 4 1 X650 (X5, 1 X5,)

)

1
+ E[ﬁm,i (In (x5, 1 X ) J + Bisdnx yIn(xs ;[ X6 )+ B dnx  In(xy | X6 30) + Byg il x, g In(xs, 1 X 5,)

+ Brs,dn x5, In(xs 4, 1 X6 5,) + Bro il In(xy 0 | Xg 1) + Boo i X 5, In(Xs /X6 5) + Boy In (NPL, ) + vy, —uy,
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Table 3. Posterior parameter estimates of the profit function.

Parameters Mean SD

a —-33.00 0.29
BB, 3.31 2.02
B.B, -1.13 0.99
BsBs 2.74 3.84
BB, 722 3.01
BsPs -0.48 3.31
BB -0.04 0.29
BB, 0.0l 0.13
BeBs -0.06 0.14
BoBy -0.57 0.63
BioBio -0.37 0.40
BB, 0.33 0.58
B,B,, 0.24 0.47
B3B3 -0.22 0.39
BB 0.34 0.68
BisBs -0.04 0.33
BieBie -0.39 0.28
Bi:B,5 -0.05 0.32
BisBis 0.23 0.18
BioBis 0.07 0.19
BaoBao -0.03 0.21
By1Bs, -1.01 0.06
0, 0.14 0.03
0,0, -0.02 0.07

where u, ~ Exp (A,) and A, =exp (v,Z,;, + v,Z,,). The
variable Z,, represents the corporate reputation of each
company i in year ¢, and the variable Z, ; represents the
trend.

Empirical Results

The implementation of the MCMC for the estimation of
the stochastic profit frontier is carried out using the
WinBugs package. The Gibbs algorithm involves a total
of 50,000 iterations, discarding the first 5,000 to avoid
the sensitivity of the initial values and thus guaranteeing
convergence.

Table 3 shows the posterior mean and posterior stand-
ard deviations of the parameters estimated from the
profit frontier with random coefficients. The number of
coefficients generated by the model is very large to be
reported in this table. However, the coefficients reveal
some variability, which confirms that the firms in the
sample have different profit frontiers.

To reaffirm the suitability of the random stochastic
profit frontier model compared to the fixed stochastic
profit frontier model, we again use the DIC test. The ran-
dom coefficient model has a DIC = —671.74, lower than
the DIC of the model with fixed coefficients (DIC=753.3).
This result confirms the assumptions of heterogeneity
among the firms in the sample and of how this heterogene-
ity is affecting their performance.

Once the parameters of the proposed model have been
estimated, it is possible to calculate the profit efficiency
for each firm. The efficiencies obtained throughout the
period of study (2010-2016) are presented in Table 4. The
average efficiency of the profit frontier with random coef-
ficients is 75.94%, which implies that these firms are wast-
ing, on average, 24.06% of their maximum potential profit.
However, the average profit efficiency level decreases sig-
nificantly (57.40%) if we use a fixed coefficient frontier
model"® to estimate these efficiencies. This difference
between the estimated efficiencies exists because, unlike
the random coefficient frontier model, the fixed coefficient
frontier model does not take into account the heterogeneity
between firms, leading to erroneous efficiency estimates
when overestimating inefficiencies. That is, the fixed coef-
ficient model assumes homogeneity among the firms when
estimating a common efficient frontier for the whole sam-
ple and measures the efficiency by the distance of each
firm from this common frontier. However, the random
coefficient model considers firms to have different
resources, and therefore, each firm will have its own effi-
cient frontier. In this case, efficiency is measured by the
distance of each firm from its efficient frontier.

As indicated previously, profit efficiency is a measure
of firm performance that is different from traditional
accounting or financial measures, and they are not neces-
sarily correlated. In this case, the correlation between
profit efficiency and ROA is significant, although low
(0.39, p <0.01), while profit efficiency is not correlated
with ROE (Table 5). This result confirms the idea that a
firm can have high efficiency, and yet this greater effi-
ciency may not be reflected in ROA or ROE.

By specifying the inefficiency effects function, frontier
models also allow us to incorporate, in a single stage esti-
mation procedure, a hypothesis test about the sources of
competitive advantage. The coefficient of the variable
reputation (z,) in the profit inefficiency effects function is
positive (0.14) and significant (p < 0.01), indicating that it
is a determinant factor in profit efficiency and, therefore, a
greater corporate reputation means an increase in perfor-
mance. This result supports the hypothesis that reputation
is a strategic resource that allows firms to improve their
performance as measured by profit efficiency. The coeffi-
cient of the variable trend (z,) was also included in the
inefficiency effects function to assess whether profit effi-
ciency remains constant over time or varies during the
study period. The estimation of this parameter was not sig-
nificant, so we can affirm that profit efficiency has
remained unchanged during the study period.

Discussion and Conclusions

Since the first works of Wernerfelt (1984) and Barney
(1991), there have been numerous studies on the RBV.
However, this theory has often been criticized for its lack
of empirical support. Two of the most controversial issues
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Table 4. Profit efficiency scores (%).

Firms 2010 2011 2012 2013 2014 2015 2016 Mean
MERCADONA SA 86.61 86.93 83.83 82.83 7849 7965 8199 8290
REPSOL PETROLEO SA 7189 8136 7795 5542 8677 8290 73.I13 75.63
COMPANIA ESPANOLA DE PETROLEOS SAU 7154 9079 7853  40.23 6590  79.03 76.18  71.74
EL CORTE INGLES SA 8724 7828 7747 6264 8896 808l 8329 798I
INDUSTRIA DE DISENO TEXTIL SA 82.13 83.81 88.37  84.05 8550  8l.31 81.75  83.85
TELEFONICA DE ESPANA SAU 8237 7089 6833 81.73 8554 7549 7238  76.68
CENTROS COMERCIALES CARREFOUR SA 83.68 6327 703l 8344  68.05 81.50  82.53 76.11
MERCEDES-BENZ ESPANA SA 7554 4965 8796 7197 7566 86.14 7047 7391
ORANGE ESPAGNE SA. 7896 758l 7804 7837 8400 7266 7566  77.64
VODAFONE ESPANA SAU 7878 8567 7369 7764 7042 8472 73.67 77.80
VOLKSWAGEN NAVARRA SA 7534 8529 8077 8460 7942 818 7540 80.38
NESTLE ESPANA SAU 8580 7989  81.43 79.71 80.22 8152 7771 80.90
EROSKI SOCIEDAD COOPERATIVA 63.60 91.78 3780 15.53 80.51 8352 4943 60.31
INDRA SISTEMAS, SOCIEDAD ANONIMA 7979 8136 7980 7372 7295 8584 744l 78.27
RED ELECTRICA DE ESPANA SA 7720  79.71 8350 8515 8538 79.16 7659  80.96
PUNTO FA SL (MANGO) 7574 5350  83.01 85.15 8395 2744 7195 68.68
FOMENTO DE CONSTRUCC. Y CONTRATASSA 8584 7172 7554 73.68  83.33 8264 59.69 76.06
IKEA IBERICA SA 80.04 93.71 73.04 6320 598l 60.95 6796 71.24
ACCIONA INFRAESTRUCTURAS SA 2391 9207 6746 8296 2999 7674 5638  61.36
DANONE, SA 7769 8882 8060 6890 6682 8587 7840 78.16
FERROVIAL AGROMAN SA 59.52 54.02  89.51 81.96  73.03 6528 7271 70.86
L'OREAL ESPANA SA 69.29 7485 8733 68.43 89.66 7897 7885 78.20
CALIDAD PASCUAL SAU 81.50 7870 8192 8405 8500 8660 67.84 80.80
MELIA HOTELS INTERNATIONAL SA. 8434 81.10 7488 8826 5999 7777 79.04 779
IBM GLOBAL SERVICES ESPANA SA 7689 8434 8386 6492 7652 7943 7582 7740
COMPANIA LOGISTICA HIDROCARBUROS SA 80.05 82.73 7727 7470 8322 8047 7974 79.74
UNILEVER ESPANA SA 79.85 8469 7404 2795 6994 8844 3512 65.72
INSTITUTO GRIFOLS SA 80.12 8434 71.14 79.19 69.01 6994 8180 76.51
GALLETAS SIRO SA 7486  85.13 8147 6795 8920 7086 69.17 7695
APPLE RETAIL SPAIN SL 76.07  75.55 7704 7772 7539 7994 76.67 7691
SANITAS DE HOSPITALES S.A. 38.04 8571 8507 7450 8I.12 8315 8306 758l
PROCTER & GAMBLE SLU 83.33 7786  65.95 7344 7287 8198  68.55 74.85
NH HOTEL GROUP SA. 77.51 83.33 77.58 31.06 7298  87.23 7334 7186
PHARMA MAR SA 73.95 7500 7535 8253 7230 7444  68.00 7451
GAMESA EOLICA SL 7831 2249 86.08 69.27 86.92 5724 57.77 6544
GOOGLE SPAIN SL 81.77  61.53 7544  59.16 7724 8826  77.33 74.39
LEROY MERLIN ESPANA SLU 7796 8786 7654 8487 6212 7764  77.65 778l
MICROSOFT IBERICA SRL 79.07 8278 8529 6942 7836 9030 71.09 7947
CAMPOFRIO FOOD GROUP, SA 89.05 23.93 79.06 7202 8218 8497 6857 71.40
DISTRIBUIDORA INT. DE ALIMENTACION SA 7827 7840 8356 8566 80.55  81.93 81.06 81.35

(Continued)
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Table 4. (Continued)

Firms 2010 2011 2012 2013 2014 2015 2016 Mean
DELOITTE SL 7859 7476 54.06 8626 65.13 8533 7984 7485
ACCENTURE SL 8522 6856 8234 7380 8236 7933 7643 7829
DECATHLON ESPANA SAU 8352 7964 8469 8374 8365 7567 7460  80.79
SAMSUNG ELECTRONICS IBERIA SA 7471 75.01 71.50 8629 6153 7694 8022 75.17
GRUPO ACS 80.31 8409 7688 8076 7605 80.16 7422 7892
TECNICAS REUNIDAS 81.13 7673 7772 8339 8384 4293 7795 748l
ENAGAS 81.86 8080 8750 7263 80.60 8629 8178 8l.64
EVERIS 80.60 7728 7956 76.14 7497 7886 7145 7698
IBERDROLA 8447 8857 744l 75.01 8649 6956 7793 7949
Mean 77.02 76.61 77.64 7278 76.41 77.75 73.40 75.94

Table 5. Correlation between profit efficiency, ROA and
ROE-~.

| 2
|. Profit efficiency
2. ROA 0.39
3.ROE 0.24 0.48"

*Statistically significant at 1% (p < 0.01).
2Pearson correlation coefficients.

surrounding the empirical tests on the RBV have been the
measure of the firm’s performance and the applied meth-
odology. Most RBV research employs accounting and
financial indicators to measure a firm’s performance.
However, these indicators have serious shortcomings.
Furthermore, the methodologies used so far do not ade-
quately address a key issue for RBV — the heterogeneity of
resources across firms.

This paper introduces two important innovations to the
existing literature. First, we argue that using profit effi-
ciency as a dependent variable in the empirical tests on the
RBYV is more appropriate than using the traditional finan-
cial or accounting measures of firm performance. Second,
our study proposes an appropriate methodology for meas-
uring firm performance based on the efficient use of its
resources: the frontier model with random coefficients. This
methodology allows, on the one hand, to separate the inef-
ficiencies in the transformation of resources from differ-
ences in the allocation of resources across firms and, on the
other, specification of a hypothesis test with respect to the
sources of competitive advantages in a single stage estima-
tion procedure. Thus, using a stochastic frontier model with
random coefficients enables an appropriate consideration
of resource heterogeneity. Both the measurement of perfor-
mance and the methodology are, to our knowledge, being
used for first time in empirical research on the RBV.

Using profit efficiency as a measure of the firm’s per-
formance does not present the drawbacks of traditional
financial measures. As Coff (1999: 131) states, traditional
measures of performance usually only include a small por-
tion of the rent generated in the firm, since most of this rent
is appropriated by the most powerful stakeholders. In con-
trast, the concept of profit efficiency reveals how much
more profit a firm could achieve if it were fully efficient in
the use of its resources, both in costs and in revenues. In
addition, efficiency allows a firm to monitor its effective-
ness in achieving its goals and objectives, and “it is closely
linked to efforts to make strategic plans, clarify organiza-
tional goals and objectives, characterize decision-making
needs, and analyse managers’ needs for information”
(Assaf & Magnini, 2012: 642). Therefore, we believe that
profit efficiency is a better predictor of performance
because it measures a firm’s ability to manage its resources
and produce outputs with greater economic value.

The results of the study show that the mean profit effi-
ciency of the firms in the sample is 75.94%, indicating that
there is significant margin to increase performance by
improving the efficiency of costs and/or revenue. Likewise,
the marked difference between the average efficiency level
of the random coefficient model and that obtained by the
fixed coefficients model (57.40%), clearly shows the heter-
ogeneity in the allocation of resources among firms and the
importance of incorporating this heterogeneity into the
empirical analysis. If heterogeneity is not conveniently cap-
tured in the empirical methodology, it can lead to an errone-
ous measurement of the efficiency and, therefore, of firm
performance. As a result, we highlight the importance of
using the stochastic frontier model with random coefficients
in the empirical test on the RBV to adequately capture the
differences in the allocation of resources across firms.

In addition, the stochastic frontier models have the
advantage of allowing the sources of competitive advan-
tage to be tested. The results reveal that reputation is a
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strategic resource that provides the firm with a sustainable
source of competitive advantage and, consequently, helps it
to achieve higher performance, thus providing solid empiri-
cal support for the RBV approach. Although other previous
works have reached similar conclusions (e.g., Deephouse,
2000; Roberts & Dowling, 1997, 2002; Shamsie, 2003;
Vergin & Qoronfleh, 1998), the results of this paper com-
plement these studies on the relationship between corporate
reputation and performance using a novel measure of per-
formance and a novel methodology.

This study also incorporates certain topics discussed by
Armstrong and Shimizu (2007) regarding empirical
research on the RBV:

1. Sustainability of the dependent variable. This
research uses a sample of firms from 2010-2016
(longitudinal analysis) to incorporate the perfor-
mance “sustainability” test. According to Barney
(1991), if a firm persistently achieves superior per-
formance over a long period of time, then we can
state that the company has a sustained competitive
advantage.

2. Multi-industry sample. This study uses data from
11 industries, since within the RBV framework, the
value of a resource depends on the specific envi-
ronment in which a firm operates (Barney, 2001).
In addition, this type of sample allows for broader
generalization of the results. However, when using
a multi-industry sample, it is necessary to control
for effects on the performance of each industry.
Control for these effects is not necessary when
using the stochastic frontier model with random
coefficients since this methodology assumes that
each firm has its own possibility frontier.

3. Heterogeneity. The heterogeneity of resources is a
central element in the RBV. As such, a methodology
that does not consider firms to be homogeneous
should be used in empirical studies. As we have
noted, the stochastic frontier model with random
coefficients considers firms in the sample to be het-
erogeneous, and it estimates a possibility frontier for
each firm.

In conclusion, profit efficiency is a more appropriate indi-
cator than the traditional outcome measures used to date in
the empirical tests on RBV. Likewise, the methodology
used must adequately capture a central condition of the
RBYV, that is, the heterogeneity between firms. The frontier
model with random coefficients used in this study conven-
iently reflect this heterogeneity, and it therefore has great
potential for empirical research on the RBV.

Although this research does provide empirical support to
the RBV literature, it has certain limitations. The sample
used is relatively small given the inherent difficulties in
measuring intangible resources such as reputation.

In addition, due to the unavailability of data, the sample is
basically composed of large firms. We also believe that esti-
mating input prices using proxy variables is another limita-
tion of this study. Lastly, it would be beneficial to consider
resources/capabilities other than reputation, which would
enable their joint impact on performance to be studied.
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Notes

1 For a detailed review and assessment of the criticism
received by the RBV, see Kraaijenbrink, Spender and Groen
(2010).

2 See Deephouse (2000) for a broader discussion on the attrib-
utes of corporate reputation as a resource that is rare, valu-
able, imperfectly imitable, and non-substitutable.

3 For a detailed analysis of the papers that have empirically
tested the RBV using the cost efficiency concept and fron-
tier methodologies, see Chen et al. (2015:35-36).

4 The maximum profit will be determined by the profit pos-
sibilities frontier.

5 For a detailed analysis of the studies that use frontier meth-
ods in research on strategic management, see Chen et al.
(2015).

6 This process avoids the inconveniences that the statistical
analysis can present in separate stages (Coelli, 1996).

7 Note that the inefficiency term u,u,, is introduced in the
function with a negative sign, since the greater the ineffi-
ciency, the lower the profit obtained (Aiello & Bonanno,
2013; Rahman, 2003; Sensarma, 2005).

8 It is assumed that o is non-random due to the presence of
random error v, v, (Tsionas, 2002).

9 For more detail, these distributions are available in Tsionas
(2002).

10 However, the empirical analysis was performed considering
the control variables to collect the effect of different indus-
tries on performance, and none of the control variables were
statistically significant, as expected.

11 The low availability of data regarding the reputation vari-
able makes it difficult to expand the sample.

12 For more detail, consult the methodology and verification
report used by MERCO in http://merco.info/es/ranking-
merco-empresas

13 To correct the variations due to the effect of the prices, all
the variables have been deflated according to the price index
of the sector, calculated as 2016=100.
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14 The DIC is a tool that allows choosing the model that shows
a better fit with the data, where the lowest value indicates
the best model.

15 Not presented in this study, but available upon request.
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