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Abstract This paper estimates profit efficiency and its determinants in small and medium-
sized manufacturing enterprises in Spain. The stochastic frontier methodology and the model
proposed by Battese and Coelli (1995) were used to determine the impact of the technolog-
ical and environmental differences between these companies on their efficiency. The results
indicate that the average profit efficiency of food SMEs is 49.37%. The results also reveal that
company size, export orientation, government assistance and labour productivity are all posi-
tively related to the efficiency of food SMEs; age, however, is negatively related. Finally, the
strategic implications of these findings are discussed.
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he role of small and medium-sized enterprises1 (SMEs) in
lobal economic and social development has been increas-
ngly recognized in the literature (Doern, 2009; Harvie,
007; Hussain et al., 2009). The importance of this type of
nterprise is not that it is unique to a given country or region
ut rather that at the international level, this represents the

∗ Corresponding author.

E-mail address: aarbelo@ull.es (A. Antonio).

1 SMEs are defined as those companies that meet the following
equirements: average total assets of less than 43 million euros,
urnover of less than 50 million euros and fewer than 250 employees.
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ost common business structure and contributes the most
o economic growth. In fact, SMEs play a key role in the
ocio-economic development of both developed and devel-
ping countries, in terms of not only contribution to GDP
ut also employment generation and growth (Assefa, 1997;
allberg, 1999). Thus, SMEs currently dominate the business

andscape, representing 95% of companies worldwide and
0% of private sector employment. Compared to large com-
anies, SMEs adapt better to changes in the market and new
ustomer needs, and their organizational structure allows
or faster decision making. Additionally, these companies

re highly flexible, allowing them to better adapt to tech-
ological changes and promote better income distribution
han large companies.
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For decades, the analysis and measurement of efficiency
has been a topic of great interest in the economic litera-
ture. Despite this, studies on profit efficiency in SMEs are
Profit efficiency and its determinants in small and medium-s

In the case of Spain, SMEs represent 99% of all compa-
nies and generate approximately 66% of jobs (DGI and PYME,
2015). These data show the importance of SMEs to accel-
erating growth and creating the employment necessary to
relaunch the economy in Spain. Given this crucial impor-
tance of SMEs, along with the increased competition caused
by the fall of trade barriers and the strong development of
information technologies, it is necessary to analyse both the
performance of SMEs and the factors that affect their perfor-
mance. Measuring the efficiency of these firms is essential
for this analysis. An efficiency estimate allows companies to
know their effectiveness in achieving their objectives and
managing their resources. For these reasons, analysing the
efficiency of SMEs in Spain is especially important.

The literature addressing the efficiency of SMEs is exten-
sive (Balios et al., 2015; Barchue and Aikaeli, 2016; Battese
et al., 2001; Charoenrat and Harvie, 2013, 2014; Coll-
Serrano and Blasco-Blasco, 2011; Hill and Kalirajan, 1993;
Kotey and O’Donnell, 2002; Lundvall and Battese, 2000; Mini
and Rodriguez, 2000; Mohamad et al., 2010; Yang, 2006).
However, all of these studies focus on estimating cost effi-
ciency (cost minimization), which measures how close the
costs of a company are to the costs of a best-practices
company that produces the same output under the same
conditions.

Although the concept of cost efficiency as a potential
source of cost reduction is important, it has two significant
limitations (Berger and Mester, 1997):

1 Cost efficiency evaluates the efficiency for a given output
level, which usually does not correspond to the opti-
mal scale of production. Therefore, it is possible for a
company to be efficient in terms of costs for its current
production scale but not for its optimal output level.

2 Cost efficiency does not capture possible differences in
the output quality of companies. If there are differences
in output quality between companies, and these differ-
ences are not taken into account, the costs of higher
quality are erroneously regarded as inefficiency when,
in reality, they are previously unmeasured differences
driven by the quality of the output.

These limitations, combined with the interest of man-
agers in both cost minimization and revenue maximization
goals, make profit efficiency the concept that best combines
these two important economic objectives; this concept
measures the distance between the current profit of a com-
pany and its optimal profit frontier. The concept of profit
efficiency is better than that of cost efficiency for evaluat-
ing overall company performance because it collects errors
from both outputs and inputs (Berger and Mester, 1997).
More specifically, profit efficiency can be considered to be
overall efficiency, such that if a company is efficient in terms
of its profits, it will also be efficient in terms of its costs and
its scale of production (Fitzpatrick and McQuinn, 2008).

Therefore, estimating profit efficiency is far more impor-
tant for SME managers than the partial view provided by
an analysis of cost efficiency (Maudos et al., 2002). In fact,

there is empirical evidence in some industries demonstrating
that the levels of profit inefficiency are much higher than the
levels of cost inefficiency (Arbelo-Pérez et al., 2017; Berger
et al., 1993; Maudos and Pastor, 2003). These results empha-
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ize the importance of inefficiencies on the revenues side
rom producing below the optimal output value. However,
nd despite the numerous studies regarding cost efficiency,
he overall performance result of SMEs has yet to be inves-
igated.

This paper provides an overview of the performance of
ood manufacturing industry SMEs in Spain during the period
008---2015 and an analysis of the determinants of their
nefficiency. The food industry2 is the main manufacturing
ndustry in the European Union, where 95.4% of companies
re SMEs with fewer than 50 employees (Food Drink Europe,
017). In Spain, the food industry has been consolidated as
he main economic driver, representing 21.7% of the entire
ndustrial sector, 18.3% of employed persons and 15.5% of
dded value (INE, 2017). To analyse the performance of
his industry, we estimate profit efficiency using a stochas-
ic profit frontier. The advantage of the stochastic frontier
ethodology is that it enables us to separate the distance
etween the efficiency of a company and its optimal frontier
nto random errors and inefficiency.

SMEs are considered in different studies as a homoge-
eous group (Álvarez and Crespi, 2003; Coll-Serrano and
lasco-Blasco, 2011; Kotey and O’Donnell, 2002; Lundvall
nd Battese, 2000). However, SMEs are strongly influenced
y the region in which they operate (Balios et al., 2015;
haroenrat and Harvie, 2013, 2014), and therefore, their
fficiency level will be conditioned by the economic, social
nd demographic situation of the region in which their
ctivity is developed. Following the model proposed by
attese and Coelli (1995), variables such as government
ssistance, export activity, size, labour productivity and age
ill be introduced as determinants of profit inefficiency to
roperly capture the different conditions existing in the
nvironments of different regions. This approach isolates
he heterogeneity of the sample by introducing individual
nd environmental factors that explain and affect the inef-
ciency of companies (Battaglia et al., 2010). The advantage
f this model is that it simultaneously estimates the profits
unction and the inefficiency effects function.

This paper extends the existing literature with two major
ontributions: (1) it is the first study that evaluates the over-
ll performance results of food manufacturing industry SMEs
sing the concept of profit efficiency, and (2) it is also the
rst study that analyses the determinants of profit ineffi-
iency. The remainder of the study is structured as follows.
n the next section, a literature review is performed; sub-
equently, the determinants of the efficiency of SMEs are
iscussed. The next section details the methodology and
resents the empirical analysis. Finally, the implications and
onclusions are reported.

iterature review
2 The food industry is responsible for preparing, transforming, pre-
erving and packaging products from the agricultural and livestock
ector.
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carce and mainly focused on the banking and agricultural
ectors. The classical approach to measuring the perfor-
ance of SMEs has usually used cost efficiency, ignoring the

mportant role that income inefficiencies can have in per-
ormance. The literature studying cost efficiency in SMEs
n this way is extensive (Álvarez and Crespi, 2003; Balios
t al., 2015; Barchue and Aikaeli, 2016; Charoenrat and
arvie, 2014; Coll-Serrano and Blasco-Blasco, 2011; Kotey
nd O’Donnell, 2002; Le and Harvie, 2010; Lundvall and
attese, 2000; Radam et al., 2008; Yang, 2006). However,
tudies on profit efficiency in SMEs are scarce and limited
o the scope of small banks (Akhigbe and McNulty, 2003,
005; Berger et al., 2007; Cyree and Spurlin, 2005) and the
gricultural and livestock sector (Bahta and Baker, 2015;
alawat and Yabe, 2012; Hyuha et al., 2007; Kolawole, 2006;
urwanto et al., 2014; Nganga et al., 2010; Ogunniyi, 2011).
e do not know any study focused on profit efficiency for

MEs in the food industry.
Akhigbe and McNulty (2003) study the profit efficiency of

mall US banks for 1990, 1992, 1994 and 1996, differentiat-
ng between large banks, small banks within one MSA,3 and
mall banks not limited to one MSA. Assuming banks use the
ame technology, the results obtained in the period analysed
how that small banks are more profit efficient than large
anks. However, in a later work, these same authors com-
are the profit efficiency of small, medium and large banks
or the period 1995---2001 and conclude that small banks
75%) are less profit efficient than medium banks (82%) and
arge banks (86%) (Akhigbe and McNulty, 2005). Cyree and
purlin (2005) analyse the effects of competing with large
anks on the profit efficiency of small banks that operate in
ural markets. The results show that a small bank has low
evels of profit efficiency when it competes with a single
arge bank. However, the profit efficiency of the small bank
ncreases when it competes with several large banks in a
ural market.

The results of the studies developed in the agricultural
ector show diverse results. Kolawole (2006) examined the
eterminants of profit efficiency among small scale paddy
ice farmers in Nigeria using a stochastic Cobb---Douglas
rofit frontier model. The results show that profit efficiency
s 61% and is positively related to age, educational level,
arming experiences and household size. Hyuha et al. (2007)
arried out similar work in Uganda, highlighting that rice
armers do not operate on the profit frontier and that the
ain causes of this situation are low levels of education and

imited access to extension services. The empirical results
f the Galawat and Yabe (2012) study on rice production
n Brunei Darussalam using a stochastic frontier approach
hows that the average efficiency is 80.7%, so that 19.3% of
rofit is lost due to a combination of technical, allocative
nd scale inefficiencies.

Ogunniyi (2011), measures profit efficiency among 240
aize producers in Nigeria, showing that this efficiency

aries between 1% and 99.9%, with an average of 41.4%.

dditionally, the inefficiency model shows that education,
xperience, extension and non-farm employment were sig-
ificant factors influencing profit efficiency. A study by

3 MSA: metropolitan statistical area.
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urwanto et al. (2014) on the efficiency of 31 small- and
edium-sized tofu enterprises in Salatiga using data envel-

pment analysis shows that only two SMEs were overall
fficient, four SMEs were efficient in scale and eight SMEs
ere technically efficient. The remaining 23 SMEs were inef-
cient. They also found that the determinants of inefficiency
ere soybean availability, production expenses, the width of

he production area, and the number of employees.
Bahta and Baker (2015) find an average profit efficiency

f 58% for a sample of 556 small livestock producers in
otswana. The research showed that the factors that influ-
nced the high degree of inefficiency (42%) were education
evel, distance to the commonly used market, herd size,
ccess to information and income from crop production.
inally, the results of a study by Nganga et al. (2010) using a
tochastic profit frontier showed that the efficiency of pro-
ts of small milk producers in Kenya varied between 26%
nd 73%, with a mean of 60%. This study further observed
hat the level of education, experience, and size of the farm
nfluenced profit efficiency positively, while profit efficiency
ecreased with age of the farm.

This paper seeks to extend the empirical evidence
egarding study of the profit efficiency of SMEs in the food
anufacturing industry and, more specifically, to draw the

ttention of other researchers to the importance of profit
fficiency when assessing the overall performance results of
MEs.

eterminants of efficiency in SMEs

o formulate and implement business strategies that enable
MEs to improve their competitiveness, it is important to
dentify which factors affect the results of SMEs and how
hey do so (Lovell, 1993). Studies investigating the factors
hat affect the inefficiency of SMEs are numerous. Pitt and
ee (1981) pioneered the research on this topic with an
mpirical study in which they analysed how size, age and
acilities affect cost efficiency in manufacturing SMEs. Sub-
equently, other authors also studied how the cost efficiency
f SMEs is affected by other factors, such as employee qua-
ifications, owner experience, location, type of company,
emale participation in the workforce, capital-labour ratio,
oreign investment, export activity and government sup-
ort, among others (Álvarez and Crespi, 2003; Balios et al.,
015; Barchue and Aikaeli, 2016; Charoenrat and Harvie,
013, 2014; Charoenrat et al., 2013; Kotey and O’Donnell,
002). However, there is no unanimous agreement in the lit-
rature about the impact of these factors on cost efficiency
n SMEs, and we are not aware of any study regarding the
eterminants of profit efficiency. The following is a more
etailed explanation of the variables considered to be deter-
inants of profit efficiency.

irm size

he impact of company size on efficiency has been widely
iscussed in the literature, and for the most part, the

dea that larger firms are more efficient than smaller busi-
esses is endorsed (Lundvall and Battese, 2000; Mini and
odriguez, 2000; Pitt and Lee, 1981). The main argument
ehind this idea is that in a competitive market, the
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Profit efficiency and its determinants in small and medium-s

most efficient companies survive and grow, whereas ineffi-
cient companies stagnate or exit the industry (Jovanovic,
1982). However, smaller firms are more flexible, have
non-hierarchical structures and do not suffer from agency
problems owing precisely to their smaller size (Yang and
Chen, 2009); although some authors do point out that there
may be SMEs that employ non-family managers, and there-
fore, agency issues may also occur in these firms (e.g., Hiebl,
2017; Klein and Bell, 2007; Tabor et al., 2018). These dif-
ferences could more than offset their size disadvantage and
make them more technically efficient than larger companies
(Álvarez and Crespi, 2003; Charoenrat and Harvie, 2014; Le
and Harvie, 2010).

Firm age

The age and efficiency of a company are expected to be pos-
itively correlated. First, in competitive markets, the oldest
organizations will be the most efficient because market iner-
tia will expel inefficient companies (Lundvall and Battese,
2000). Second, older companies will also be the most experi-
enced in terms of their production and commercial processes
and therefore more efficient (Hill and Kalirajan, 1993;
Jovanovic, 1982). Finally, age can also be a significant factor
because younger companies have more problems accessing
credit. The rationale underlying this idea is that the risk of
any loan varies with the duration of the relationship between
the company and the financial institution (Diamond, 1991).

Alternatively, a negative relationship between age
and efficiency is also possible because young companies
have more modern infrastructure and the most advanced
technologies (Pitt and Lee, 1981). The benefit of the accu-
mulated knowledge in a company due to its greater age
cannot be compensated by the higher costs of outdated
physical and technological infrastructure (Batra and Tan,
2003). Likewise, it is also possible that older SMEs exhibit
lower efficiency, since they may suffer greater risk aversion
and, therefore, show a lower capacity for innovation, which
in turn reduces profitability (Hiebl, 2014, 2015).

Labour productivity

It is important to consider the relationship between labour
productivity and efficiency because it is a relatively direct
relationship (Datta et al., 2005) and because many compa-
nies’ competitive advantages derive directly or indirectly
from human resources (Pfeffer, 1994, 1998). There seems
to be widespread agreement in the economic literature
regarding the positive effect from worker training and skills
on the efficiency of companies (Charoenrat and Harvie,
2013, 2014). Greater employee skills and knowledge facili-
tate the introduction and use of new technologies, stimulate
innovation, and increase the efficient use of resources
(Malerba, 1992).

The qualifications and skills of employees also have a
positive effect on the provision of a company’s goods and

services and therefore on the image perceived by its cus-
tomers. This situation typically both increases the loyalty
of existing customers and attracts new customers, with the
consequent effect on revenue. However, SMEs have signifi-
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ant limitations on investing in training mainly due to a lack
f economic resources (Cohen, 1998).

overnment assistance

he development of efficient and competitive SMEs is hin-
ered by SMEs’ difficulty accessing financial resources (Beck
t al., 2005). The literature indicates that the structure and
osts of financing affect the competitiveness of companies,
nd difficulties in accessing finance restrict the potential
f SMEs to execute projects related to technological inno-
ation and internationalization to improve their efficiency.
or this reason, SMEs have greater debt than larger compa-
ies (Hamilton and Fox, 1998), in addition to higher financing
osts and more restricted access to funding (Peel and Wilson,
996; Segura and Toledo, 2003). As a result, gaining greater
ccess to credit could have a positive impact on efficiency
mong SMEs (Barchue and Aikaeli, 2016; Hussain et al.,
009).

Governments of various countries are developing actions
o facilitate financing for SMEs as a strategy to enhance their
ompetitiveness, innovation and socio-economic develop-
ent. These strategies are justified by the difficulties SMEs

xperience in accessing funding and their importance to
conomic growth and job creation. Government assistance
an be provided as financial support (for example, credit
ssistance, income tax exemptions or reductions or exemp-
ions from import duties on essential raw materials) or
on-financial support (for example, managerial and tech-
ical assistance) (Charoenrat et al., 2013).

xport firms

he literature has thoroughly addressed the influence of
xport activity on the performance of SMEs (Arnold and
ussinger, 2005; Wagner, 2007). However, there is no
nanimous agreement about whether the most efficient
ompanies are more likely to become exporters or whether
xports make companies more efficient. These two scenarios
re not mutually exclusive, but from a public policy perspec-
ive, it is important to know whether one or both of these
ituations can actually occur.

Clerides et al. (1998) claim that exports do not cause
ompanies to be more efficient, but rather, the most effi-
ient companies choose to operate in international markets
ecause yields are higher. However, Love and Roper (2015)
ote that the management skills necessary to penetrate
xport markets could be different from those required
o succeed in local markets. By contrast, Álvarez and
obertson (2004), Salomon and Shaver (2005) and Golovko
nd Valentini (2011) claim that exports have a positive
mpact on efficiency because companies that export benefit
rom access to new information sources and knowledge that
re sometimes not available in the local market, and they
an utilize this acquired knowledge to be more efficient.
ethodology

his paper uses stochastic frontier analysis to estimate the
fficiency of SMEs and its determinants. The main feature
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f stochastic frontier analysis is that it assumes that the
rror term is compound, formed by the inefficiency and a
andom error. Thus, a company can deviate from its optimal
rofit frontier owing to both inefficiency itself and possible
ompletely random fluctuations. These fluctuations include
he effect of those variables that are not under corporate
ontrol.

To measure the profit efficiency of food manufactur-
ng SMEs in Spain, the frontier alternative profit function
pecified by Berger and Mester (1997) and Humphrey and
ulley (1997) is used. This function takes profits as the
ependent variable and the amount of outputs and price
f inputs as independent variables, considering that out-
uts remain constant, whereas input price varies freely
nd affects profit. The alternative profit function can be
xpressed as

�it = f(yit, wit) exp(vit) exp(−uit)

i = 1, . . ., N companies t = 1, . . ., T periods
(1)

here �it is the profit of SME i in period t, f represents the
unctional form chosen, yit represents the outputs vector,

it is the price vector of the inputs , vit is the random error,
nd uit is an inefficiency term. To facilitate the inefficiency
stimate, it is assumed that the random error and ineffi-
iency, v and u, are separable from the rest of the profit
unction.

The model proposed by Battese and Coelli (1992) intro-
uces the idea that efficiency varies between companies
nd over time; if this is true, then it is logical to ask
bout the factors that determine the variation in efficiency.
attese and Coelli (1995) extend the stochastic frontier
odel and suggest that the determinants of inefficiency can
e expressed as a linear function of a set of explanatory
ariables that reflect the characteristics inherent to a com-
any. The advantage of the Battese and Coelli model (1995)
s that it allows estimating the efficiency of each company
nd the factors that explain the differences in efficiency
etween companies in a single-stage procedure. This single-
tage procedure represents a significant improvement over
he widely used two-stage approach (Battese and Coelli,
995; Kumbhakar et al., 1991; Wang and Schmidt, 2002).

According to Battese and Coelli (1995), the model
ssumes that random errors vit are random variables that are
.i.d. N(0, �2

v ) and independent from uit. Likewise, uit are
onsidered as non-negative random variables, i.i.d. N(�, �2

u)
nd zero-truncated, where uit = ıZit + εit, whereas Zit is a
ector of variables that can affect the inefficiency of com-
anies and may even contain the time effect, ı is a vector
f parameters to be estimated, and εit is a random variable
efined as a truncated N(0, �2) such that uit is defined as
ositive.4 In addition, we will use the parameterization pro-
osed by Battese and Corra (1977), in which �2

v and �2
u are

eplaced by �2 = �
2
v + �2

u and � = �2
u/(�2

v + �2
u), respectively.

The translog function is the functional form that is nor-

ally used in studies of efficiency, and in the case of the

4 The log-likelihood function of this model is given in Battese and
oelli (1993).
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lternative profit frontier function, it can be expressed as

ln �it = ˛0 +
n∑

j=1

ˇjlnyj,it +
m∑

l=1

�llnwl,it

+1⁄2
n∑

j=1

n∑
k=1

ıjklnyj,itlnyk,it + 1⁄2
m∑

l=1

m∑
s=1

�lslnwl,itlnws,it

+
n∑

j=1

m∑
l=1

ϑjl ln yj,it ln wl,it + vit − uit (2)

However, there is an issue with the profit function when
he translog functional form is used because the dependent
ariable (profits) can take negative values, and the result
ight be indefinite when the logarithm is applied. Bos and

oetter (2011) propose a solution that consists of creating an
dditional independent variable, called the negative profit
ndicator (NPI), that takes a value of 1 for those companies
ith positive profits (� > 0) and is equal to the absolute value
f the profit when companies incur losses (� < 0). Simulta-
eously, the dependent variable (�) takes a value of 1 when
rofits are negative and the corresponding value when pro-
ts are positive. Consequently, companies with both profits
nd losses are included in the analysis, which causes an
ncrease in the stability of the ranking of the efficiency mea-
ure and improves the discriminatory power of the translog
rofit function (Bos and Koetter, 2011).5 This study uses the
rocedure proposed by these authors.

Finally, for the case of two and four inputs and
y imposing the conditions of linear homogeneity in

rices,
∑

s
ˇs = 1 and

r∑
s

ˇs,r =
s∑
j

�j,s = 0, and symmetry,

j,k = ˛k,j ∀k, j and ˇs,r = ˇs,r ∀s, r, the translog profit func-
ion can be expressed as

ln(
�it

w4,it

) = ˛0 +
2∑

j=1

˛j ln yj,it +
3∑

s=1

ˇs ln(
ws,it

w4,it

)

+ 1
2

2∑
j=1

2∑
k=1

˛j,k ln yj, it ln yk,it + 1
2

3∑
s=1

3∑
r=1

ˇs,r ln(
ws, it

w4,it

)

ln

(
wr,it

w4,it

)
+

2∑
j=1

3∑
s=1

�j,s ln yj, it ln (
ws,it

w4,it

) + � lnNPIit

+v�it− u�it (3)

nd the inefficiency effects function with eight variables is

it =
8∑
k

ıkZk,it + εit (4)

here Zk,it represents the ith explanatory variable for the
nefficiency of SMEs, ı is the vector of parameters to be
he model can be estimated using maximum likelihood tech-
iques.

5 This methodology has been used by authors such as Hasan et al.
2009), Tabak et al. (2013) and Bian et al. (2015).
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Table 1 Descriptive statistics for the period 2008---2015.

Average Minimum Maximum SD

EBITa (�) 247.25 −4519.75 8763.40 653.57
Net salesa (y1) 4580.51 64.56 45,590.84 6519.48
Other operating revenuea (y2) 61.68 0.00 4359.58 182.96
Price of laboura (w1) 25.45 9.94 55.97 7.41
Price of materials (w2) 0.4852 0.0040 0.8003 0.1542
Price of other operating costs (w3) 0.1713 0.0176 0.4525 0.0662
Price of capital (w4) 0.1144 0.0001 0.4962 0.0739

a
O

(

(

(

(

(
m
i
s
f

a

(

(

(

(

a In thousands of euros.

The profit efficiency (PE) is estimated as the ratio of the
actual profit of the ith SME (�it) and the highest profit it
could achieve (�max), specifically,

PEit = �it

�max
= f (yit, wit) exp (v�it) exp (−uit)

f (yit, wit) exp (vit)
= exp (−uit)

(5)

Empirical analysis

Data and selection of variables

The data sample of this study was taken from the Iberian Bal-
ance Sheet Analysis System (SABI) database.6 The companies
selected are from group 10, food manufacturing industry,
of the National Classification of Economic Activities (CNAE-
2009). In accordance with the requirements specified in the
introduction for the definition of a company as an SME, we
excluded those companies that (1) had 250 or more employ-
ees, (2) had turnover greater than 50 million euros, or (3)
had total assets of more than 43 million euros. Additionally,
companies that did not have data available for any one of
the selected years were discarded. The final sample consists
of balanced data from 599 SMEs in the food industry for the
period of 2008---2015 (a total of 4792 observations).

The variables were selected based on the information
available and the current literature. First, the output varia-
bles should reflect the results achieved by each company
(Purwanto et al., 2014). Therefore, two output variables
were selected: (1) net sales (y1), which includes the net
revenue from the sale of the company’s core products, and
(2) other operating revenue (y2), which represents the net
revenue from other activities related to company opera-
tions. Several previous studies have used these variables
as good indicators of the output obtained to estimate the
efficiency of manufacturing SMEs (e.g., Álvarez and Crespi,
2003; Coll-Serrano and Blasco-Blasco, 2011; Le and Harvie,

2010).

Second, the input variables are the resources necessary
to execute the production activity of the company. Because
the prices of the inputs are not directly observable, these

6 The SABI database is generated by the private firm Informa and
has financial information for more than 3.2 million Spanish and
Portuguese companies that present their accounts in commercial
registers.

(

(

re estimated using the following proxy variables (Kotey and
’Donnell, 2002):

1) Price of labour (w1): calculated as the ratio between
total labour costs and the number of full-time annual
equivalent employees;

2) Price of materials (w2): the ratio between materials cost
and operating revenue (Arbelo et al., 2018a; Assaf and
Cvelbar, 2011; Chen, 2007);

3) Price of other operating costs (w3): the ratio between
other operating costs and operating revenue (Arbelo
et al., 2018b; Hu et al., 2010);

4) Price of capital (w4): the ratio between the depreci-
ation of both tangible and intangible assets and total
fixed assets (Assaf and Cvelbar, 2011; Pérez-Rodríguez
and Acosta-González, 2007).

The dependent variable of the stochastic profit frontier
�) is defined as earnings before interest and taxes (EBIT). All
onetary variables are deflated using the food industry price

ndex, calculated as 2011 = 100. Table 1 presents descriptive
tatistics for the output and the price of the input variables
or the whole period.

The following explanatory variables were specified to
nalyse the determinants of profit efficiency:

1) Firm age (Z1): firm age represents the number of years
that the company has been operating in the market. It
is measured as the difference between the opening year
of the company and the year 2011.

2) Labour productivity (Z2): the labour productivity vari-
able is calculated as the ratio between total revenue
and labour costs.

3) Export firm (Z3): the exportfirm variable captures
whether the company engages in export activities. The
value of this dummy variable is 1 if the company exports
and 0 otherwise.

4) Government assistance (Z4): the value of the govern-
ment assistance variable is 1 if the company receives
any type of government assistance and 0 otherwise.

5) Small (Z5): the small variable captures those compa-
nies considered to be small within the SME sector. This
dummy variable takes the value 1 if the company has
between 10 and 49 workers, net sales between 2 and 10

million euros and total assets between 2 and 10 million
euros; it takes the value 0 otherwise.

6) Medium (Z6): the medium variable captures those com-
panies considered to be medium sized within the SME
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Table 2 Descriptive statistics regarding the determinant factors of inefficiency.

Average Minimum Maximum SD

Firm age (Z1) 22.55 3.00 93.00 12.50
Labour productivity (Z2) 5.4224 1.1702 73.8753 4.0159
Export firm (Z3) 0.3673 0.00 1.00 0.4825
Government assistance (Z4) 0.4491 0.00 1.00 0.4978
Small (Z5) 0.5459 0.00 1.00 0.4983
Medium (Z6) 0.2287 0.00 1.00 0.4204
Trend (Z7) 4.50 1.00 8.00 2.2915
Trend2 (Z8) 25.50 1.00 64.00 21.1268
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sector. This dummy variable takes the value 1 if the
company has between 50 and 249 workers, net sales
between 10 and 50 million euros and total assets
between 10 and 43 million euros; it takes the value 0
otherwise.

7) Trend (Z7): the trend variable measures whether ineffi-
ciency remains constant or varies throughout the period
analysed. The variable is equal to 1 in the year 2008, 2
in 2009, . . ., up to 8 in 2015.

8) Trend2 (Z8): the squared trend variable is the square
value of the trend, adopted to evaluate if the rate of
increasing inefficiency is positive or negative.

Table 2 presents descriptive statistics regarding the
xplanatory variables of the profit inefficiency of SMEs.

esults of the estimation

his section presents the results of the estimation of the
tochastic profit frontier using the FRONTIER 4.1 software
ackage (Coelli, 1996). For ease of presentation, the esti-
ates of the frontier parameters and the determinants of

nefficiency are reported separately. The results of the esti-
ate of the translog profit frontier7 demonstrate that the

election of variables is correct and that the fit between the
odel and the data is good (Table 3). Of the 21 parameters

hat comprise the stochastic profit frontier, 16 are statis-
ically significant. In addition, the value of sigma-squared
�2) is significant at the 1% level, which indicates that the
stimate of the parameters is highly significant. The esti-
ated value of parameter �, which represents the ratio
f the variance in the inefficiency and the variance in the
omposite error, is 0.8905 and statistically significant; this
emonstrates that most of the distance between companies
nd their optimal profit frontier is due to inefficiency and
nly a small part is due to random errors. This result is con-

7 The Cobb---Douglas specification is an alternative to the translog
unctional form. To verify the suitability of the translog functional
orm compared to that of Cobb---Douglas, we computed the likeli-
ood ratio (LR) test statistic, considering the null hypothesis that
he model follows the Cobb---Douglas functional form. This hypothe-
is is rejected at the 1% level of significance in favor of the translog
unctional form.

t
a
b
e
l
t
a

(
w
f
t

rmed by the likelihood ratio (LR) test statistic.8 This test
s based on the null hypothesis that all parameters of the
nefficiency function are equal to 0; therefore, inefficiency
s absent in the model (i.e., H0: � = ı = ı1 = . . . = ı7 = 0). The LR
est of the one-sided error is equal to 695.86, and therefore
he null hypothesis is rejected at the 1% level of significance.
hus, it is confirmed that the existence of inefficiencies
xplains a significant part of the variability in profits among
MEs.

Table 4 presents estimates of the determinant factors of
he inefficiency function. Note that all variables are sta-
istically significant at the 1% level. Therefore, all of the
elected inefficiency determinants have a significant impact
n the SMEs’ level of profit efficiency.

Regarding the first factor (Z1), we found a positive rela-
ionship between the age and the inefficiency of the SMEs,
amely, the older the company is, the greater its profit inef-
ciency. Although the results of some previous empirical
tudies show that age has a positive effect on cost efficiency
ue to accumulated experience and knowledge (Álvarez and
respi, 2003; Amornkitvikai and Harvie, 2011; Charoenrat
nd Harvie, 2014; Yang and Chen, 2009), the result when we
stimate the profit efficiency is completely to the contrary.
possible explanation for this finding is that whereas the

ower levels of experience and knowledge of younger com-
anies can increase their inefficiency costs, these companies
ave more modern infrastructure and technology, which can
ore than offset the lower cost efficiency by increasing the

evenue derived from both the product manufacturing pro-
ess and its marketing.

The estimate of the coefficient of the labour productiv-
ty variable (Z2) is negative, as expected, suggesting that
he profit inefficiency of SMEs decreases as labour produc-
ivity improves. The sign of the coefficient of variable Z3 is
lso negative. This result shows that exporting SMEs tend to
e more profit efficient than non-exporting companies. The
stimated coefficient of variable Z4 is also negative, revea-

ing that government support of SMEs has a positive effect on
heir profit efficiency. The negative sign of the variables Z5

nd Z6 reveals that the size of SMEs also has a positive impact

8 The LR test statistic is equal to 
 = −2{(log(Likelihood(H0)) −
log(Likelihood(H1))} and approximately follows a �2

n distribution,
ith n equal to the degrees of freedom. The critical values to per-

orm the necessary hypotheses tests were selected from Table 1 of
he work of Kodde and Palm (1986).
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Table 3 Maximum-likelihood estimates of profit frontier function.

Variables Parameters Coefficients t-ratio

Constant ˛0 6.6204 4.8515***

ln y1 ˛1 −0.6272 −3.0736***

ln y2 ˛2 0.7905 6.0009***

ln w1/w4 ˇ1 −1.8645 −3.2749***

ln w2/w4 ˇ2 0.6135 1.4416
ln w3/w4 ˇ3 3.0912 6.8952***

½ (ln y1)2 ˛11 0.0833 4.4674***

ln y1 ln y2 ˛12 −0.0543 −6.0829***

½ (ln y2)2 ˛22 0.0411 4.3532***

½ (ln w1/w4)2 ˇ11 0.2626 1.8717*

ln w1/w4 ln w2/w4 ˇ12 0.0391 0.4255
ln w1/w4 ln w3/w4 ˇ13 −0.4377 −4.1815***

½ (ln w2/w4)2 ˇ22 0.0881 1.0675
ln w2/w4 ln w3/w4 ˇ23 −0.0872 −1.3038
½ (ln w3/w4)2 ˇ33 0.5776 5.6147***

ln y1 ln w1/w4 �11 0.2312 5.6412***

ln y1 ln w2/w4 �12 −0.1362 −4.6530***

ln y1 ln w3/w4 �13 −0.0996 −3.4195***

ln y2 ln w1/w4 �21 −0.0913 −3.2439***

ln y2 ln w2/w4 �22 0.0289 1.3277
ln y2 ln w3/w4 �23 0.0379 2.0728**

ln NPI � −0.9750 −161.8291***

�2 = �2
v + �2

u �2 3.6220 8.4178***

� = �2
u/(�2

v + �2
u) � 0.8905 69.4227***

Log-likelihood function −6721.58
LR test of the one-sided error (with number of restrictions = 9) 695.86
Number observations = 4792 4792

* Statistically significant at 10% (p < 0.1).
** Statistically significant at 5% (p < 0.05).

*** Statistically significant at 1% (p < 0.01).

Table 4 Maximum likelihood estimates of profit inefficiency function.

Variables Parameters Coefficients t-ratio

Constant ı0 −2.3254 −3.1356***

Firm age (Z1) ı1 0.0307 5.7330***

Labour productivity (Z2) ı2 −0.1869 −25.2058***

Export firm (Z3) ı3 −0.8262 −5.0057***

Government assistance (Z4) ı4 −0.7676 −5.5374***

Small (Z5) ı5 −0.3672 −2.8827***

Medium (Z6) ı6 −0.9706 −4.7247***

Trend (Z7) ı7 0.8507 6.2829***

Trend2 (Z8) ı8 −0.0808 −5.9779***

fi
s
y
t
e
t

*** Statistically significant at 1% (p < 0.001).

on their profit efficiency: small and medium-sized firms are
more efficient than micro-enterprises. Additionally, the dif-
ference in the estimated coefficients of variables Z5 and Z6 is
negative, which demonstrates that medium-sized companies
are more profit efficient than small companies.

Finally, the coefficient of the trend variable (Z7) is signif-

icant and positive, which indicates that the profit efficiency
of SMEs worsened during the study period. This result reveals
the negative impact of the economic and financial crisis on
the performance of these companies. However, the coef-

5
w
fi
o

cient of the variable squared trend (Z8) is negative and
ignificant, and thus, the inefficiency increases during the
ears analysed, but at decreasing rates. By way of illus-
ration, Fig. 1 shows the evolution of the average profit
fficiencies from 2008 to 2015. It can be observed that in
he first years, efficiency has a clear downward trend, from

3.99% in 2008 to 46.56% in 2013, which coincides with the
orst years of the economic crisis. Starting in 2013, the
rst signs of improvement in the level of efficiency can be
bserved, and it reaches 50.23% in 2015.
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Fig. 1 Evolution of the average profit efficiency (2008---2015).
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The average profit efficiency during the period of
008---2015 was 49.37%. This means that, on average, SMEs
re wasting 50.63% of their potential profit and that for an
verage EBIT of 247.25 thousand euros (see Table 2), the
ample companies are losing approximately 250 thousand
uros.9 The efficiencies of profits also exhibit high dispersion
Fig. 2), with a standard deviation of 0.2081. The efficien-
ies obtained for each company in the sample range from
.40% to 87.17%. Considerable variability among profit effi-
iency levels has also been found in other sectors by Berger
nd Mester (1997), Rahman (2003), Fitzpatrick and McQuinn
2008), Aiello and Bonanno (2013), and Arbelo-Pérez et al.
2017).

Although it is not a subject of this study, the average
fficiency of costs for the companies in the sample was esti-
ated following the same methodology used to calculate the
rofit efficiency. The average efficiency of costs obtained for
he years of 2008---2015 is 80.59%, which reveals that profit
nefficiency is considerably greater than cost inefficiency.

his result reveals the importance of inefficiencies on the
evenue side.

9 Result of dividing the current mean profits between PE and mul-
iplying by (1-PE).

d
2
a

t
a
w

fit efficiency levels.

iscussion and concluding remarks

MEs play a crucial role in global economic and social
evelopment. The recent economic crisis, coupled with
he collapse of trade barriers and the strong development
f information technologies, means that these companies
perate in increasingly competitive markets. This shift is
egatively affecting not only SMEs’ performance but also
heir survival. Under these circumstances, the study of SMEs’
esources can play a decisive role in helping them achieve
he economic objective of profit maximization. Measure-
ent of the efficiency of these companies is essential for

his analysis.
Profit maximization requires not only producing goods

nd services at the lowest cost but also maximizing rev-
nue. The concept that best includes these two important
conomic goals of a company is profit efficiency. This paper
sed a stochastic profit frontier function and the inefficiency
ffects function to estimate the profit efficiency and its
eterminants for 599 SMEs in Spain during the period of
008---2015, using a single-stage procedure following Battese
nd Coelli (1995).
Assuming that all companies use the same production
echnology, we found that during the period analysed, SMEs’
verage profit efficiency ranges between 45.57% and 55.13%,
ith an average of 49.37%. This means that on average, SMEs
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are wasting 50.63% of their potential profit. Profit efficiency
is characterized as time-varying; it progressively dropped
from 2008 until 2013 because of the decrease in the marginal
revenue due to the economic crisis, but it recovered in the
following two years, consistent with the improvement in the
economy.

The results also identify five variables that affect the
profit inefficiency of SMEs. First, there is a positive rela-
tionship between labour productivity and profit efficiency.
This result reveals the importance of training for employ-
ees. In this regard, Porter (1987) notes that the acquisition
of skills and the training of human resources can repre-
sent a source of competitive advantage for the company
by enabling employees to be more efficient in the perfor-
mance of the tasks required in the manufacturing process
and the marketing of products. The education and train-
ing of workers increases the innovativeness of processes and
aids with the incorporation of new technologies, which not
only achieves a more effective and efficient use of company
resources (Charoenrat and Harvie, 2014) but also enables an
increase in revenue as the result of marketing goods and/or
services that are more consistent with the expectations of
customers.

Second, profit efficiency improves with increasing SME
size. This result is similar to those obtained in other studies,
which find a positive relationship between the size and effi-
ciency of SMEs (Balios et al., 2015; Charoenrat et al., 2013;
Haddad and Harrison, 1993; Le and Harvie, 2010; Lundvall
and Battese, 2000; Margono and Sharma, 2006; Mengistae,
1996; Mini and Rodriguez, 2000; Pitt and Lee, 1981; Yang,
2006). This demonstrates that larger SMEs are able to take
advantage of economies of scale to a greater extent and
have better opportunities to access information and tech-
nological resources.

Third, the export activity of SMEs is positively related to
profit efficiency. A possible explanation for this result is that
international markets are more competitive than local mar-
kets, and due to this greater competitive pressure, exporting
companies are forced to control their costs and to offer
more innovative products with higher quality and added
value. This process is most likely a result of the knowledge
acquired in these international markets, which allows firms
to manufacture and market a greater quantity and range
of products that incorporate more and higher-quality inno-
vation (Álvarez and Robertson, 2004; Golovko and Valentini,
2011; Salomon and Shaver, 2005), leading to higher revenues
that more than offset the implicit costs of operating in inter-
national markets and therefore have a positive effect on the
profit efficiency of these companies.

Fourth, public aid to SMEs improves their profit efficiency.
This result is consistent with those obtained in other empir-
ical studies (Charoenrat et al., 2013). These authors find
that facilitating access to financing sources allows SMEs to
access more advanced technological resources and more
qualified human resources, which, combined with manage-
rial and technical assistance, has a positive effect on their
efficiency (Barchue and Aikaeli, 2016; Hussain et al., 2009).

Fifth, the years of activity of SMEs are negatively related

to the profit efficiency. Hill and Kalirajan (1993) and Batra
and Tan (2003) state that despite older companies’ expe-
rience, the presence of older equipment and technology
becomes a clear disadvantage relative to younger companies

Á
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hat have better and more modern facilities. These authors
ote that this result does not mean that the ‘‘learning by
oing’’ process is not important but rather that young com-
anies benefit more from their more advanced technologies
han from l̈earning by doing̈(Amornkitvikai et al., 2014).
he above, combined with the fact that younger compa-
ies enter the market with more innovative projects, makes
hese companies better suited to the demands of an increas-
ngly trained and informed customer, thus enabling higher
evels of profit efficiency through lower costs and/or higher
evenue (Le and Harvie, 2010).

These conclusions have important implications for both
olicymakers and the managers of SMEs. A positive rela-
ionship between labour productivity and the efficiency of
MEs should be an incentive to implement policies aimed at
mproving employee training and qualification, optimizing
nternal organization in a way that stimulates and motivates
orkers, and raising the stock of capital per employee. Pub-

ic authorities should also encourage concentration among
maller companies to help them gain size and thus improve
heir levels of efficiency. The positive relationship between
xport capacity and efficiency reveals the importance of
he internationalization process of SMEs. This is a process
hat is closely linked to the incorporation of knowledge
nd improvement of management, and it increases the
ompetitive levels of these companies. In addition, the
nherent challenges faced by SMEs mean that these compa-
ies need public aid to access funding sources, technological
dvances and internationalization, especially in the early
tages of their activity. Finally, the management of SMEs
hould design strategies aimed at improving revenue man-
gement, increasing the value of their products and making
he rigidities and routines acquired over the years more flex-
ble, thus reducing their level of profit inefficiency. All this
ill have a positive impact on the performance and compet-

tiveness of SMEs.
The limitations of this study are mostly related to the

atabase used. Having more disaggregated data would allow
stimating the outputs as stock variables and not as flow
ariables. The cost information used in this study is also an
mportant limitation, since many SMEs have less developed
anagement accounting and control systems compared to

arger firms (Lavia López and Hiebl, 2015). In addition, it
ould be of great interest to validate the results of this study

n other countries. Despite these limitations, we believe that
hey have not significantly diminished the importance of the
onclusions of the study.
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efecto de la liberalización en el periodo 2004-2006. Rect@: Rev.
Electrón. Comun. Trab. ASEPUMA 12 (1), 33---52.

yree, K.B., Spurlin, W.P., 2012. The effects of big-bank presence
on the profit efficiency of small banks in rural markets. J. Bank.
Finance 36 (9), 2593---2603.

atta, D.K., Guthrie, J.P., Wright, P.M., 2005. Human resource man-
agement and labor productivity: does industry matter? Acad.
Manag. J. 48 (1), 135---145.

iamond, D.W., 1991. Monitoring and reputation: the choice
between bank loans and directly placed debt. J. Polit. Econ.
99 (4), 689---721.

GI and PYME, Available from: http://www.ipyme.org/
publicaciones/retrato pyme 2015.pdf, 2015.

oern, R., 2009. Investigating barriers to SME growth and develop-
ment in transition environments a critique and suggestions for
developing the methodology. Int. Small Bus. J. 27 (3), 275---305.

itzpatrick, T., McQuinn, K., 2008. Measuring bank profit efficiency.
Appl. Financ. Econ. 18 (1), 1---8.

ood Drink Europe, 2017. Annual Report 2017.
alawat, F., Yabe, M., 2012. Profit efficiency in rice production in

Brunei Darussalam: a stochastic frontier approach. J. ISSAAS 18
(1), 100---112.

olovko, E., Valentini, G., 2011. Exploring the complementarity

between innovation and export for SMEs growth. J. Int. Bus.
Stud. 42, 362---380.

http://www.ipyme.org/publicaciones/retrato_pyme_2015.pdf
http://www.ipyme.org/publicaciones/retrato_pyme_2015.pdf


ized

L

M

M

M

M

M

M

M

N

O

P

P

P

P

P

P

P

R

R

S

S

Profit efficiency and its determinants in small and medium-s

Haddad, M., Harrison, A., 1993. Are there positive spillovers
from direct foreign investment? Evidence from panel data for
Morocco. J. Dev. Econ. 42 (1), 51---74.

Hallberg, K., 1999. Small and Medium Scale Enterprises: A Frame-
work for Intervention. Small Enterprise Unit, Private Sector
Development Department, The World Bank research paper, 21
May, Washington, DC.

Hamilton, R.T., Fox, M.A., 1998. The financing preferences of small
firm owners. Int. J. Entrep. Behav. Res. 4 (3), 239---248.

Harvie, C., 2007. SME Clustering and Networking and Its Contribu-
tion to Regional Development: An Overview of the Key Issues.
SMEs in Global Economy Conference., pp. 4.

Hasan, I., Koetter, M., Wedow, M., 2009. Regional growth and
finance in Europe: is there a quality effect of bank efficiency? J.
Bank. Finance 33 (8), 1446---1453.

Hiebl, M., 2014. Risk aversion in the family business: the dark side
of caution. J. Bus. Strategy 35 (5), 38---42.

Hiebl, M.R., 2015. Family involvement and organizational ambidex-
terity in later-generation family businesses: a framework for
further investigation. Manag. Decis. 53 (5), 1061---1082.

Hiebl, M.R., 2017. Finance managers in family firms: an upper-
echelons view. J. Fam. Bus. Manag. 7 (2), 207---220.

Hill, H., Kalirajan, K.P., 1993. Small enterprise and firm-level tech-
nical efficiency in the Indonesian garment industry. Appl. Econ.
25 (9), 1137---1144.

Hu, J.L., Chiu, C.N., Shieh, H.S., Huang, C.H., 2010. A stochastic
cost efficiency analysis of international tourist hotels in Taiwan.
Int. J. Hosp. Manag. 29, 99---107.

Humphrey, D.B., Pulley, L.B., 1997. Banks’ responses to deregula-
tion: profits, technology, and efficiency. J. Money Credit Bank.
29 (1), 73---93.

Hussain, I., Hussain, M., Hussain, S., Si, S., 2009. Public private
partnership and SMEs development: the case of AJ&K Pakistan.
Int. Rev. Bus. Res. Pap. 5 (5), 37---46.

Hyuha, T.S., Bashaasha, B., Nkonya, E., Kraybill, D., 2007. Analysis
of profit inefficiency in rice production in Eastern and Northern
Uganda. Afr. Crop Sci. J. 15 (4), 243---253.

INE, 2017. Estadística Estructural de Empresas Sector Industrial del
INE 2017.

Jovanovic, B., 1982. Selection and the evolution of industry. Econo-
metrica: J. Econom. Soc. 50 (3), 649---670.

Klein, S., Bell, F.A., 2007. Non-family executives in family busi-
nesses: a literature review. Electron. J. Fam. Bus. Stud. 1 (1),
19---37.

Kodde, D.A., Palm, F.C., 1986. Wald criteria for jointly testing equal-
ity and inequality restrictions. Econometrica: J. Econom. Soc.
54, 1243---1248.

Kolawole, O., 2006. Determinants of profit efficiency among small
scale rice farmers in Nigeria: a profit function approach. Res. J.
Appl. Sci. 1 (1), 116---122.

Kotey, B., O’Donnell, C.J., 2002. Data envelopment analysis in small
and medium enterprises: a study of the Australian food, bever-
ages and tobacco manufacturing industry. Small Enterp. Res. 10
(2), 3---22.

Kumbhakar, S.C., Ghosh, S., McGuckin, J.T., 1991. A generalized
production frontier approach for estimating determinants of
inefficiency in US dairy farms. J. Bus. Econ. Stat. 9 (3), 279---286.

Lavia López, O., Hiebl, M.R., 2015. Management accounting in small
and medium-sized enterprises: current knowledge and avenues
for further research. J. Manag. Account. Res. 27 (1), 81---119.

Le, V., Harvie, C., 2010. Firm performance in Vietnam: evidence
from manufacturing small and medium enterprises, Department
of Economics, University of Wollongong, Working Paper 04-10.

Love, J.H., Roper, S., 2015. SME innovation, exporting and growth:

a review of existing evidence. Int. Small Bus. J. 33 (1), 28---48.

Lovell, C.K., 1993. Production frontiers and productive efficiency.
In: Fried, H.O., Lovell, C.K., Scmidt, S.S. (Eds.), The Mea-

T

enterprises 249

surement of Productive Efficiency: Techniques and Applications.
Oxford University Press, New York, pp. 3---67.

undvall, K., Battese, G.E., 2000. Firm size, age and efficiency:
evidence from Kenyan manufacturing firms. J. Dev. Stud. 36 (3),
146---163.

alerba, F., 1992. Learning by firms and incremental technical
change. Econ. J. 102 (413), 845---859.

argono, H., Sharma, S.C., 2006. Efficiency and productivity anal-
yses of Indonesian manufacturing industries. J. Asian Econ. 17
(6), 979---995.

audos, J., Pastor, J.M., 2003. Cost and profit efficiency in the Span-
ish banking sector (1985---1996): a non-parametric approach.
Appl. Financ. Econ. 13 (1), 1---12.

audos, J., Pastor, J.M., Perez, F., Quesada, J., 2002. Cost and
profit efficiency in European banks. J. Int. Financ. Markets Inst.
Money 12 (1), 33---58.

engistae, T., 1996. Age-size effects in productive efficiency: a
second test of the passive learning model. Working Paper,
WPS/96-2. Centre for the Study of African Economies, University
of Oxford.

ini, F., Rodriguez, E., 2000. Technical efficiency indicators in a
Philippine manufacturing sector. Int. Rev. Appl. Econ. 14 (4),
461---473.

ohamad, R., Majid, N.A., Noh, N.F., Ahmad, M.F., 2010. Technical
efficiency (TE) of small and medium (SME) food enterprise in
West Malaysia. Econ. Technol. Manag. Rev. 5, 51---55.

ganga, S.K., Kungu, J., De Ridder, N., Herrero, M., 2010. Profit
efficiency among Kenyan smallholders milk producers: a case
study of Meru-South district, Kenya. Afr. J. Agric. Res. 5 (5),
332---337.

gunniyi, L.T., 2011. Profit efficiency among maize producers in Oyo
state, Nigeria. ARPN J. Agric. Biol. Sci. 6 (1), 11---17.

eel, M., Wilson, N., 1996. Working capital and financial manage-
ment practices in the small firm sector. Int. Small Busingrouess
J. 14 (2), 52---68.

érez-Rodríguez, J.V., Acosta-González, E., 2007. Cost efficiency
of the lodging industry in the tourist destination of Gran Canaria
(Spain). Tour. Manag. 28 (4), 993---1005.

feffer, J., 1994. Competitive advantage through people. Calif.
Manag. Rev. 36 (2), 9---28.

feffer, J., 1998. The Human Equation: Building Profits by Putting
People First. Harvard Business Press, Boston, MA.

itt, M.M., Lee, L.F., 1981. The measurement and sources of techni-
cal inefficiency in the Indonesian weaving industry. J. Dev. Econ.
9 (1), 43---64.

orter, M.E., 1987. Ventaja Competitiva, Creación y Sostenimiento
de un Desempeño. Co. Editorial Continental, SA de CV México
DF.

urwanto, N., Manongga, D., Pakereng, M.A.I., 2014. Efficiency of
small and medium sized Tofu enterprises (SME) in Salatiga using
data envelopment analysis (DEA). Int. J. Comput. Appl. 91 (12),
44---50.

adam, A., Abu, M.L., Abdullah, A.M., 2008. Technical efficiency
of small and medium enterprise in Malaysia: a stochas-
tic frontier production model. Int. J. Econ. Manag. 2 (2),
395---408.

ahman, S., 2003. Profit efficiency among Bangladeshi rice farmers.
Food Policy 28 (5), 487---503.

alomon, R.M., Shaver, J.M., 2005. Learning by exporting: new
insights from examining firm innovation. J. Econ. Manag. Strat-
egy 14 (2), 431---460.

egura, J., Toledo, L., 2003. Tamaño, estructura y coste de finan-
ciación de las empresas manufactureras españolas. Investig.
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