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Abstract

The efficiency associated with innovation has been a frequently considered element

in the literature. However, the conceptualization of this efficiency and its manage-

ment is an underexplored factor. We study the way in which the different elements

that conform to this efficiency are managed over time. From a dynamic efficiency

analysis using data envelope analysis (DEA) and the Malmquist productivity index,

we evaluate changes in efficiency and if there are differences according to firm size.

Our results confirm the relevance of size in the way that firms manage their innova-

tion efficiency and how small firms differ from larger ones in terms of efficiency

management.

1 | INTRODUCTION

Innovation is considered an important and sustainable source of long-

term success of organizations (Khosravi et al., 2019), but the chal-

lenges associated with innovations require oriented management.

Innovation management takes into consideration a set of decisions

regarding the development and renewal of a firm's offer by choosing

the appropriate mix of innovations and why and how to achieve it

(Onufrey & Bergek, 2021).

Following prior studies (Martínez-Alonso et al., 2020), instead of

focusing independently on innovation inputs, activities or outputs, we

assume that technological innovation efficiency plays a crucial role in

understanding how firms achieve growth and performance. Techno-

logical innovation efficiency refers to the relative capacity to trans-

form inputs into outputs (Cruz-Cázares et al., 2013). This approach

becomes even more important as innovation is a complex, multidi-

mensional and cross-cutting concept. In this sense, there is little

empirical evidence on the process by which innovation is related to

the creation of a competitive advantage (Kim et al., 2015) and, conse-

quently, to an increase in performance (Khosravi et al., 2019). In this

study, we want to delve into the idea that the relationship between

innovation efficiency and performance occurs, and if it is different

according to the organizational size (Khosravi et al., 2019), deepening

into the research line opened by prior works such as Sullivan and

Kang (1999), Damanpour (1996) or Hitt et al. (1990), among others.

Therefore, despite the existing literature, there are still many

unanswered questions about how to manage innovation to achieve

better performance. In this sense, this paper seeks to deepen the

understanding of how innovation management can act as a potential

source of competitive advantage. because, while the area of innova-

tive inputs is much more studied, there is little research bearing in

mind also the innovative capacity, that is, the ability to transform

these inputs into desirable products/services. (Moon, 2013).

To achieve this objective, this paper starts from the consideration

that innovation must be understood as the ability to develop a pro-

cess in which the firm is able to combine the innovative inputs in

which it invests with its ability to transform them into desirable

products/services. Therefore, R&D expenditure policies and their

ability to support continuous innovation will determine organizational

performance.
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The R&D expenditure policy has been one of the most discussed

in aspects the literature, but the conclusions achieved offer diverse

results divergent in terms of the impact on the company's perfor-

mance. Although the literature differentiates between internal and

external R&D expenditures, the results are yet inconclusive in terms

of their impact on performance. This paper seeks to contribute to this

debate and introduce the discussion about the existence of differ-

ences in such policy depending on the organizational size.

Another point to be studied is the output of such expenditures,

that is, the capacity of companies to transform inputs and create new

products. The literature presents various models that try to show the

innovation capacity of the company, the ability to transform R&D

expenditures into innovative products and the pursuit of continuous

innovation. When we consider the complexity of this transformation

because there are aspects that are difficult to measure, such as the

implicit knowledge of the personnel involved, in the concept of ‘inno-
vation efficiency’, understood as the relative capacity of a company

to maximize the results of innovation (Cruz-Cázares et al., 2013,), we

find the path that allows us to approach innovation as a capacity and

innovation management as a dynamic process, according to the

resource-based view (RBV) that we take as a frame of reference for

this research. We have opted for innovative efficiency as a measure

of innovative capacity, as it allows us to link R&D inputs with R&D

results because it analyses the overall effect of the possible desired

and undesired outcomes of the innovation process.

Furthermore, the literature has highlighted the particularities of

management in SMEs versus large companies. Many studies analyse

this issue in large companies; however, there is less literature available

that collects the drivers of innovation practices in SMEs (Modi &

Rawani, 2021).

In short, in this work, we consider innovation as the ability to

develop a process that combines the policies of spending on R&D

with the capacity for innovation or transformation, acting as every-

thing to increase performance, and we raise management differences

taking into account the size of the organization. Our interest focuses

on the theoretical discrepancies raised, in which we will deepen our

theoretical analysis.

This document is structured as follows. First, we establish the theo-

retical framework that will allow us to propose the hypotheses. The fol-

lowing section describes the sample and the methodology that will help

us evaluate these hypotheses. The document continues with the results

obtained and concludes with the debate and our conclusions.

2 | THEORETICAL FRAMEWORK

One important aspect related to innovation in our days is how firms deal

with technological innovation efficiency (Asimakopoulos et al., 2020;

Martínez-Alonso et al., 2020). However, most of the firms do operate

with a limited amount of resources (Boronat-Navarro et al., 2021), and

given these resource constraints, they must decide what actions to take

in order to remain competitive. Thus, many authors suggest that the

continuous renovation of products and processes is the key to achieving

sustainable competitive advantage (Geroski, 1989).

From the perspective of efficiency, companies must achieve the

highest possible volume of outputs from a given set of inputs. Although

this approach has been present in the study of innovation (Cruz-Cázares

et al., 2013; Manzaneque et al., 2018; Martínez-Alonso et al., 2020), it is

also true that on many occasions this innovation management has been

observed either from the point of view of inputs (Nguyen, Dang, et al.,

2021) or from outputs (Boronat-Navarro et al., 2021). However, we can

see such a process from an ambidexterity perspective, this is combining

inputs and outputs policies simultaneously. Thus, we consider that ‘orga-
nisational ambidexterity allows firms to integrate and mobilize different

and often contradictory internal structures, activities, or processes’
(Tushman & O'Reilly, 1996, p. 1337). This perspective has been omitted

from the literature that has analysed innovation from an efficiency

perspective. Therefore, although ambidexterity has been raised very

frequently in the literature (Boronat-Navarro et al., 2021; Dranev

et al., 2020), it has rarely been considered that this form of management

can be employed simultaneously from the perspective of inputs and

outputs (Cruz-Cázares et al., 2013).

In our case, to consider efficiency and its influence on firm perfor-

mance, we consider the fact that firms must make two crucial deci-

sions. On the one hand, companies have to decide where to spend

the limited resources at their disposal. Firms must decide whether to

invest in the internal development and control of the innovation pro-

cess, or whether to accelerate the innovation process through exter-

nal acquisition of all or part of the results (Asimakopoulos et al., 2020;

Boronat-Navarro et al., 2021; Nguyen, Dang, et al., 2021), but at the

same time, they must decide whether to base profitability on the con-

tinuous renovation of products and processes (Geroski, 1989), or

whether to maximize profitability and exercise some control over the

product rollover (Li & Yang, 2020).

2.1 | R&D Expenditure Policies

The innovative process begins when a firm decides to make a certain

investment in R&D. Spescha (2019) reviews the possible relationship

of R&D expenditures and firm growth. In this paper, Spescha (2019)

identifies a positive relationship, in particular in smaller firms. How-

ever, this paper does not consider the effect of developing an internal

R&D expenditure or an external R&D expenditure. However, this

decision is more complex, as there is a need to determine the right

combination of internal technology development and external tech-

nology acquisition (Nguyen, Dang, et al., 2021).

To answer these questions, some authors have suggested that

successful innovative firms rely on both types of expenditures (Love

et al., 2014). However, the advantages brought about by external

acquisition of technology (Medda, 2020), such as speeding up tech-

nology commercialization and improving business performance (Añ�on

Hig�on et al., 2018) have gained importance among firms (García-

Vega & Huergo, 2019).

Wang et al. (2021) propose that internal expenditures in R&D

can create a competitive advantage for a firm (Cassiman &

Veugelers, 2006), but innovative firms also require technology or

knowledge from external sources when developing their innovations.
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Thus, performance depends on the alignment of the company's inter-

nal experience and external sources of innovation (Nguyen, Dang,

et al., 2021) as a guarantee of success (Hansen, 2001), based on its

learning processes and the development of its organizational compe-

tencies (Thomä & Zimmermann, 2020). This alignment or equilibrium

is based on the combination, integration and acquisition of knowl-

edge from internal and external sources, which can guarantee the

generation of R&D (Hervás-Oliver et al., 2021; Medda, 2020;

Thomä & Zimmermann, 2020) since overexposure to any of them

can lead to worse results than those that could be obtained with an

optimal combination (Ceptureanu et al., 2021; Grimpe &

Kaiser, 2010). Therefore, the company will try to balance different

R&D investments, that is, internal and external spending on R&D in

the search for better performance (Ceptureanu et al., 2021; Wang

et al., 2021).

The problem about this approach is whether firms performing

simultaneously internal and external R&D expenditures achieve higher

innovation performance than firms exploiting only one of the knowl-

edge sources has received considerable attention in the literature on

innovation (Wang et al., 2021), this is if firms can cope with ambidex-

terity in R&D sourcing.

Most of the existing studies found a complementary relationship

between internal and external R&D expenditures (Asimakopoulos

et al., 2020; Nguyen, Huang, et al., 2021), despite other studies found

this relationship as uncomplimentary or substitutive. Thus, Laursen

and Salter (2006) found substitutive relationships between both types

of R&D expenditures and Alarc�on and Sánchez (2013) found no com-

plementary relationship. More recent analysis, such as that developed

by Wang et al. (2021), confirmed the substitutive relationship

between internal and external R&D expenditures.

When evaluating the effect on performance, it has been posed

that performance depends on the alignment of the company's inter-

nal experience and external sources of innovation (Nguyen, Dang,

et al., 2021) as a guarantee of success (Hansen, 2001), based on its

learning processes and the development of its organizational compe-

tencies (Thomä & Zimmermann, 2020). This alignment or equilibrium

is based on the combination, integration and acquisition of knowl-

edge from internal and external sources, which can guarantee the

generation of R&D. One of the key elements that has been identi-

fied as a determinant of the capacity to manage the ambidexterity

of R&D expenditures is the size of the firm (Boronat-Navarro

et al., 2021; Wang et al., 2021). The question is whether there are

differences in internal and external R&D expenditures depending on

the size of the company, being negative in SMEs and positive in

large companies. This fact can be explained because smaller firms

present different attitudes towards the innovation process (Triguero

et al., 2013).

However, regardless of size, the evidence found does not show a

clear relationship with future performance, and most empirical studies

are related to short-term effects. Thus, to these questions must be

added the dynamic and transversal nature of innovation management.

These considerations lead to the following hypotheses regarding

R&D expenditure policies.

H1. The R&D expenditure policy (internal over external

expenditures) has a direct, significant and positive

influence on the company's performance.

2.2 | Managing outputs

The other side of innovation efficiency is related to the company's rel-

ative ability to maximize innovation results, given a certain amount of

innovation inputs (Cruz-Cázares et al., 2013). Thus, together with the

inputs or expenditures, particular attention must be paid to the out-

puts. From the point of view of efficiency, companies can try to

approach the frontier of efficiency by setting the level of inputs or the

level of outputs, depending on their strategy, so we must assess the

viability of both points of view. Although Guan and Chen (2010),

referring to R&D, state that it is difficult to improve the products and

results of innovation if R&D is not increased, some studies come to

the opposite conclusion (Zhong et al., 2011).

Innovation pursues the introduction of new products. However, it

is difficult to maintain a continuous innovation process and firms must

develop an effective product portfolio management. Effective portfo-

lio management is vital to successful product innovation

(Cooper, 1984). Portfolio management ‘is about translating innovation

strategy intro investment decisions on specific new-products projects’
(Cooper & Sommer, 2020, p. 30). As Cooper and Sommer (2020)

pointed out, portfolio management faces different challenges such as

resource balancing, choosing between products and projects or the

number of undergoing projects.

Overall, the transition between old and new technologies or prod-

ucts is far from a discrete decision (Cohen & Tripsas, 2018). It is a pro-

cess that must be observed from a long-term perspective, since some

firms invest considerable amounts in revitalizing the old technology, in

a ‘last gasp’ attempt to extend its life (Adner & Snow, 2010), even

identifying the links between the old and new technologies should be

managed throughout a transition (Cohen & Tripsas, 2018).

Therefore, it is necessary to estimate an efficiency model as a

measure of innovation that takes into account both the perspectives

and limitations of previous studies. Authors such as Vega-Jurado et al.

(2008) consider the launch of new products as the only result of R&D

investment; however, this approach is limited. However, works such

as those of Triguero et al. (2013) show persistence in continuous

innovation. Its results establish that past R&D activities will condition

the future supply of products, and the analysis of the company's

results depends not only on the exploitation of existing skills that

allow its current viability through the sale of existing products but also

on the exploration that leads to the development of new products on

which future profitability will be based (Koryak et al., 2018). They con-

sider exploration to be the fundamental mechanism by which compa-

nies learn and organizational knowledge evolves (Ceptureanu

et al., 2021). The issue is that we must consider both the new prod-

ucts and the old products that companies keep in their portfolios as a

result of their innovation capacity. Some works like Rosenkopf and

Nerkar (2001) conclude that they consider that the success of the old
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products can restrict the portfolio of new products, limiting the future

options of innovation for the development inside the company. There-

fore, according to this approach, companies should favour innovative

over noninnovative products. For others such as Liang et al. (2014) or

Dawid et al. (2020), this approach is limited and the results of the

company depend not only on the exploitation of existing skills that

allow its current viability through the sale of existing products. For

this approach, companies must look for innovative products because

of the exploration/development/innovation of their products and in

the exploration/development/routinization of existing products

(Mudambi & Swift, 2011). In any case, both approaches raise the

reciprocal relationship between new and old products that the com-

pany keeps in its portfolio, either with a one-dimensional or two-

dimensional character. The exploitation/exploration concatenation

will ensure that this relationship is maintained in the long term. Thus,

assuming the will to develop a continuous innovation process, the firm

will assume greater dependence on sales of new products than on

sales of old products. Consequently, we propose the following.

H2. The dependency on innovation (sales from an old

product compared to sales from a new product) has a

direct, significant and positive influence on the com-

pany's performance.

2.3 | Innovation efficiency management

Innovation efficiency can be defined as the ability to transform inno-

vation investments into products and profits (Wang et al., 2020;

Wang & Wu, 2019). Indeed, innovation is based on exploration and

exploitation decisions. Tushman and O'Reilly (1996) suggested that an

organization's long-term success depends on its ability to exploit its

current capabilities while simultaneously exploring fundamentally new

competencies. In this sense, He and Wong (2015), as well as Rosenkopf

and McGrath (2011), propose that companies that are successful in

terms of innovation are those that implement both exploration and

exploitation strategies while maintaining a balance. However, this

position is difficult to achieve as its components are linked to oppos-

ing factors (Koryak et al., 2018). To understand this perspective, we

must assume that the relationship between exploration and exploita-

tion occurs over time. Thus, the present exploration activity is a con-

sequence of past exploration activities, and the present exploration

activity will be the cause of future exploitation activities. Innovation is

the engine of any activity, whether exploration or exploitation. This

leads us to introduce the time dimension of innovation into our work.

However, much of the literature has not considered innovation

management from an adaptive and responsive perspective. Most

papers have considered the relationship between variables without

attempting to evaluate or propose ways of improvement, this is to

measure efficiency change over time.

In our case, we must consider that, as stated above, the capacity

to manage innovation includes all the complexity and multidimension-

ality of the concept of innovation. To do so, we must reduce the

abstraction of this capacity by finding a way to quantify and encom-

pass its multidimensionality. It is necessary to define a way to mea-

sure innovation capability management. Although there are different

alternatives for measuring innovation capacity (Saunila, 2020), we

have opted for innovation efficiency as a measure of innovation

capacity and changes in efficiency as innovation capacity

management.

Vega-Jurado et al. (2008) proposed the existence of a link

between the management of inputs and the innovative products that

are achieved. However, little work has been done on the combined

effect of external and internal factors on a company's innovation per-

formance (Jiang et al., 2021). The combination of the two perspec-

tives, inputs and outputs leads us to propose innovation efficiency

will be determined by a combination of sources of innovation and the

mix of products (new and old products). Therefore, companies deploy

their R&D resources to make the most efficient use of these resources

and enable them to gain a competitive advantage (Moon, 2013). Most

studies that link efficiency and innovation have examined only the

effect of innovation on overall efficiency of the company. However,

there are few studies on innovative efficiency and its consequences,

although this concept has begun to attract the attention of the aca-

demic community (Cruz-Cázares et al., 2013). The consideration of

innovative efficiency as a measure of transformative capacity raises

some research questions.

The evaluation of innovation efficiency, as aforementioned,

requires identifying the determinants of both parts, the inputs of the

process to be considered (Vega-Jurado et al., 2008). Although greater

investments in R&D directly improve company performance without

the intervention of innovation (Rodríguez & Nieto, 2015), they also do

so indirectly by exposing the company to new and better resources

and know-how (Jiang et al., 2021). The expected result is greater

investment in R&D, a higher level of efficiency, higher levels of desir-

able results and lower undesirable results. This capacity is the ability

to carry out the transformation of innovative inputs into an innovative

output, and after what has been said before, we are going to consider

investments in R&D as an input to this process. The question is

whether R&D expenditure has a direct influence on performance but

also indirectly through its transformation.

Faced with this dilemma, and according to Hannan and Freeman

(1984), the search for this efficiency originates in specialized R&D

investments since, through force of habit, firms tend to seek routine

behaviours that increase efficiency motivated by learning (Nelson &

Winter, 1982). However, and as has been proven, when an imbalance

is created in favour of either innovative outputs (exploration) or exist-

ing outputs (exploitation), there is a negative effect on results (He &

Wong, 2015; Tushman & O'Reilly, 1996). We can consider the two

possibilities of conceptualizing the efficiency of innovation. Sueyoshi

and Goto (2012, p. 646) proposed the analysis of efficiency by com-

bining the two types of output unification for data envelope analysis

(DEA) assessment by using a non-radial model. Thus, they suggest one

unification by considering a decrease in an input vector along with a

decrease in the vector of undesirable outputs. This type of unification

is called natural disposability. The other unification considers an
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increase in an input vector but a decrease in the vector of undesirable

outputs. This type of strategy is referred to as managerial disposabil-

ity. Adapting this rationale to our work, we pose the question that an

efficiency, which we will call natural, in this case, the development of

new products is a unique result that the company expects from its

innovative capacity. In this sense, most studies have adopted an

approach that compares negative inputs with positive outputs. Cruz-

Cázares et al. (2013) use the RBV to support the concept of transfor-

mation of firm resources into desirable results using internal capabili-

ties and managerial efficiency in which the development of new

products aims to replace existing ones.

Studies on innovation efficiency have focused almost exclusively

on operational efficiency, and only a few cases have linked it to orga-

nizational outcomes and have also been approached from various per-

spectives (Cruz-Cázares et al., 2013). These perspectives range from

the effect of inputs and outputs on a company's performance

(Weerawardena et al., 2006) to the study of the long-term indirect

effect of innovations achieved (García-Cabrera et al., 2021), and even

some studies doubt the direct relationship (Zhong et al., 2011). Also,

the empirical results of microeconomic studies of the effects on per-

formance are still scarce and their results are not conclusive. In the

work of Cruz-Cázares et al. (2013), together with Guan and Chen

(2010) and Zhong et al. (2011), one of the few analyses that links

innovation in efficiency with performance, they find a positive and

significant effect on the performance of enterprises, since the enter-

prises studied were able to transform their resources efficiently. They

have only contemplated natural efficiency. We consider the double

perspective of efficiency, natural and managerial, thus incorporating

new possibilities to the contributions of Cruz-Cázares et al. (2013),

Guan and Chen (2010) or Zhong et al. (2011). Success is also

measured by the combination of behaviours to renew your skills;

keeping noninnovative products in your portfolio is a failure of

current innovative interests, even though these could have been an

innovative success in the past. Like Sueyoshi and Goto (2012), we

raise this question in relation to modelling innovative efficiency.

This perspective considers that companies not only produce desir-

able results—in this case, the addition of innovative products to

their portfolio—but also undesirable results—in this case maintain

existing or noninnovative products. Therefore, the question is

whether both natural and managerial efficiency have a direct, signifi-

cant and positive influence. Accordingly, we propose the following

hypothesis.

H3. Long-term efficiency has a direct, significant and

positive influence on the company's performance.

H3a. Long-term natural efficiency has a direct, signifi-

cant and positive influence on the company's

performance.

H3b. Long-term managerial efficiency has a direct, sig-

nificant and positive influence on company

performance.

Considering the delayed effect of innovation on performance that

has been overlooked on numerous occasions (Guan et al., 2006), or

the focus has been on short-term effects on company performance

(Agarwal & Sambamurthy, 2002), we pose that the innovative effi-

ciency is determined by the company's ability to manage appropriately

over the long term. The time perspective is important because as long

as innovative efficiency is maintained or improved, the company will

continue to innovate in the future. New products would attract new

investment and lead to new product launches in the future. Despite

these positive linear trajectories, the company could react to negative

results by changing both its R&D expenditure policies and its mix of

new and existing products, as few companies can maintain their levels

of innovation (Geroski et al., 1997). Existing empirical evidence on this

point shows an inverted relationship in U with the sale of new prod-

ucts (Grimpe & Kaiser, 2010). However, we must consider that for

firms to manage their innovative capacity, they must consider the two

efficiencies, the natural and the managerial efficiency. These consider-

ations lead us to the following hypotheses about the innovation

capacity.

H4. Changes in natural efficiency have a direct, signifi-

cant and positive influence on the performance of the

company.

H5. Changes in managerial efficiency have a direct, sig-

nificant and positive influence on company

performance.

The question is whether R&D expenses have a significant and

positive influence on the company's future performance, which will be

lower in SMEs than in large companies. In terms of heterogeneity, we

propose that the size of the company is a discriminatory criterion that

leads to different innovation management (Wang et al., 2021).

Although authors such as Song et al. (2007) or Chiesa and Frattini

(2009) argue that the possession of greater resources does not guar-

antee the achievement of superior performance, we believe that this

assertion is due to the static and punctual vision of innovation. If we

consider investments in R&D, both internal and external, as a source

of knowledge (Rosenkopf & Nerkar, 2001), not only does the combi-

nation and integration of these sources drive learning processes and

the development of organizational skills but also their acquisition.

Companies must decide how they want to use and renew their skills,

and they must choose a particular combination of knowledge to com-

pete in markets (Dierickx & Cool, 1989). In SMEs, the search for equi-

librium and budgetary limitations for the innovation process poses the

problem that having to focus on one or another type of source, that

is, for this type of company, internal spending on R&D are extremes

of the same continuum and has a one-dimensional character. In large

companies, R&D expenditure policies are two-dimensional. In this

sense, Boronat-Navarro et al. (2021) found that larger organizations

achieve better results from ambidexterity, in particular with those that

have competitive intelligence routines. However, what may be better

for SMEs is still an unanswered question.
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There are also many references in the literature on the effect

of firm size on innovation (Damanpour, 1996; Hitt et al., 1990;

Sullivan & Kang, 1999; Wade, 1996). As for the availability of

resources in innovation, where large firms are concerned, the

results in this respect are contradictory (Sullivan & Kang, 1999);

negative results that may derive from the lack of flexibility associ-

ated with the innovation process (Manda & Uzsoy, 2021); and

inconclusive results (Aiken et al., 1980; Martínez-Ros &

Labeaga, 2002; Smart et al., 2021). It is plausible to think then

when associating SMEs to a lesser availability of resources, the

results are negative and positive when associating them a greater

capacity of adaptation or use of technological resources thanks to

their flexibility, assumption of risks and creativity (Koberg

et al., 2003). We must also consider that SMEs often have insuffi-

cient production or distribution capacity to support both types of

products in their portfolio and are forced to decide between new

and old products, with a clear tendency towards the former. From

a Penosian perspective, the availability of resources for larger firms

and their potentially greater access to slack resources (Agustí

et al., 2021) could help them to maintain both types of products,

as they enjoy greater access to resources and can generate capa-

bilities that could lead to greater economies of scale (Cockburn &

Henderson, 2001). There are recent studies, such as Hsieh et al.

(2020), which find that in large companies, belonging to highly

competitive industries such as aerospace and defence, innovation

capacity does not seem to have a clear impact on company results.

The conclusion is that it is not precisely a company in excellent

financial shape that is the most efficient, and vice versa. These

findings are explained, on the one hand, by the excessive depen-

dence and support of financial leverage, in terms of resources, but

most especially by affirming the need to seek a balance between

innovation capacity and company performance. Therefore, we sug-

gest that the results could be conditioned by the size of the firms,

which highlights the need for a more detailed study taking this

aspect into account.

H6. Long-term natural efficiency in SMEs has a direct,

significant and positive influence on performance lower

than that of large enterprises.

H7. Long-term managerial efficiency in SMEs has a

direct, significant and positive influence on performance

greater than in large enterprises.

H8. Changes in SMEs innovation capacity differ from

those observed in large enterprises.

Our hypothesis can be represented as can be seen in Figure 1.

3 | DATA AND SAMPLE

To test the hypothesis of this study, we collected information from

the Technological Innovation Panel of Spain (PITEC). This is a statisti-

cal instrument designed to monitor the technological innovation activ-

ities of Spanish companies. Using these panel data enabled us to

study changes over time and observe the heterogeneity of the deci-

sions adopted by companies, avoiding the limitations of previous stud-

ies (Cruz-Cázares et al., 2010; Tidd & Bessant, 2009). We studied the

period 2008–2011, which is consistent with this perspective.

Although the choice of a single country is a limitation, it avoids the

problem of information asymmetry that could arise in a multinational

study (Gao & Chou, 2015; Seru, 2014). Innovation was measured for

the period 2008–2010, while the results were associated with the

year 2011.

The selected database includes firms associated with innovative

processes. However, the companies selected for the analysis were the

result of a data depuration process in which we excluded firms that,

although they were considered technology companies, had shown no

activity or had too few events to comply with the requirements of the

DEA analysis. Our requirements were that the firms be private compa-

nies. Second, given that the study covers the period of economic crisis

2008–2014, we excluded firms whose activities had been affected by

the crisis (merger, closure or sale). Third, they should not have been

affected by employment events such as staff transfers, employment

regulation, absorption, changes in the reference unit or activity. These

preliminary selection filters are in accordance with the DEA methodol-

ogy and sensitive to values that were lost in the observations. The

final sample consisted of 104 firms, of which 50 had a total turnover

F IGURE 1 Proposed model and hypothesis
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of more than 43 million euros, according to the EU threshold between

SMEs and large companies, and 54 were SMEs.

As discussed before, innovation is a complex and uncertain pro-

cess (Bunduchi et al., 2011), which has led to the creation of a vast

number of measurements and indicators for the process (see,

e.g., Brenner & Broekel, 2011; Fritsch & Slavtchev, 2007; Guan &

Chen, 2010). Bearing in mind our purpose, we must consider not only

innovation-related inputs but also the innovation-related outputs they

should lead to (Cruz-Cázares et al., 2013).

As discussed in our theoretical framework, there is a strong con-

sensus on inputs in the study of R&D expenditure, measuring them in

absolute terms (O'Regan et al., 2006), relative (Hitt et al., 1997) or in

terms of human resources associated with this activity (J. Wang &

Hwang, 2007). Thus, we have used R&D expenditures as input. It

should be noted that this creates difficulties that might affect the cal-

culation of the efficiency of an innovative process. Studies into R&D

spending have approached the subject from different perspectives,

focusing either on the need to choose between internal or external

R&D expenditure (Freeman, 1987; Kline & Rosenberg, 1986;

Nelson, 1993) or on the added value given to internal R&D spending

by external expenditure (Pisano, 1990; Rosenberg, 1990; Ulset, 1996).

Considering that our study aims to understand the importance of the

search for or exploitation of the processes, we have therefore intro-

duced the relationship between internal and external innovation

expenditure, and we have taken advantage of the information con-

tained in the database regarding both sources of expenses in R&D

during the period 2008–2010. We have created the external expendi-

ture in R&D divided by the internal expenditure in R&D (EXT/INT) to

evaluate such an equilibrium.

Regarding the output, many studies view patents as a positive

result (Gao & Chou, 2015; Lee et al., 2010; J. Wang &

Hwang, 2007; Zhong et al., 2011). However, while patents are an

important measure of innovation production (Kelly et al., 2021), the

decision to acquire a patent does not guarantee the success of

innovative processes of a firm. Another option was to consider

innovative products that show the results of the firm's dynamic

capabilities. The ability to generate this type of product demon-

strates, on the one hand, the exploitation of existing competencies

and, on the other, the exploration of new competencies that must

be sought out and developed to be able to adapt to the continuous

changes that occur in a dynamic environment (Levinthal &

March, 1993; McGrath, 2001).

Successful innovation management should also lead to a relatively

high propensity for factors that enable innovation to continue, and

activities in one stage will affect the next, so that the process of inno-

vation will be characterized by the exploitation and exploration of

knowledge (Fritsch & Slavtchev, 2007). For this reason, we use the

sale of innovative products in a period as an output of the innovative

process. We agree with Helfat and Raubitschek (2000) that the prod-

uct portfolio serves as a platform for future product sequences and

this platform requires the combination of knowledge and capabilities.

This in turn creates an opportunity for competitive advantage through

the strategic linking of these products, which requires a complex

combination of activities and knowledge appropriate for each stage of

the value chain.

In the perspective of continuous innovation, the predominance of

old products can be considered undesirable output. These outputs are

the result of the exploitation of previously innovative knowledge and

capabilities that do not require a radical redesign, but simply an

improvement in processes (Sanders & Linderman, 2014). These are

adaptive behaviours that cannot be given up; they are the product of

the areas of the firm's competencies but restrict its options for the

future (Dierickx & Cool, 1989). To evaluate both types of output, we

have examined the sales of old products divided by the sales obtained

from products that are innovative (OLD/NEW), either for the com-

pany or for the market, as the reflection of the dependency on

innovation.

Jointly with these variables we have introduced the relationship

to the a group of firms (GROUP) and the other expenses as control

variables for our models (OEXP).

4 | METHODOLOGY

Our investigation follows a two-step process. First, in a preliminary

stage, we determine the levels of efficiency, as a measure of innova-

tion capacity, considering the complexity and uncertainty of innova-

tive inputs and outputs, as described by Moon (2013). This requires

the application of a data envelopment analysis (DEA) (Chang &

Lo, 2005; Murthi et al., 1997; Zahra & Nielsen, 2002). Second, to test

our hypothesis, we used a regression study to evaluate the influence

of the constructs developed in the preliminary phase on organizational

performance.

DEA is a linear programming technique that measures the relative

efficiency of the business units when the efficiency frontier is non-lin-

ear. This methodology allows us to identify performance directly as an

efficiency outcome, giving an objective evaluation of the efficiency of

the innovation process. Unlike previous studies, which have focused

on a single type of output (Cruz-Cázares et al., 2013), we consider

efficiency to require the adoption of perspectives that allow negative

outputs to be introduced (Dyson & Shale, 2010; Glover &

Sueyoshi, 2009). DEA allows us to consider as a positive outcome

only the sale of new products from which we will deduct the natural

efficiency and also allows us to introduce, together with the sale of

new products, a negative outcome, the sales of old products or exist-

ing products, giving rise to managerial efficiency.

In this case, we examined the input and output of the innovation

process at an early stage during the 2008–2011 period, using a boot-

strap of the intertemporal DEA. We will use a step-by-step DEA that

combines annual efficiencies. The DEA model (the 2009 efficiency

level) is based on the input internal expenses 2009, external expenses

2009, for sales new products 2008, sales old products 2008, for total

sales volume for the year 2009 (sales new products 2009, sales old

products 2009). We will operate in the same way to obtain the effi-

ciency of 2010. Using these models, we can observe the efficiency of

the two stages, DEA1 and DEA2. A new DEA3 analysis allows us to
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combine both levels of efficiency that lead to efficiency in the period

2009–2011, as can be seen in Figure 2.

The approach for our analysis is based on the work of Sueyoshi

and Goto (2012 and 2014), and our modifications are detailed in

Appendix A. By taking this approach, we assume that firms will adopt

a strategy that considers that an increase in the input vector will

decrease the bad output vector and increase the good output vector

as far as possible (Sueyoshi & Goto, 2012). Mathematically, these

assertions can be expressed axiomatically: We might consider X�Rþ
m

as an input vector, G�Rþ
s as a desirable output vector and B�Rþ

h as

an undesirable output vector.

This concept is referred to in the literature as managerial dispos-

ability and can be defined by the following vectors of production

factors.

Pm Xð Þ¼ G,Bð Þ;G≤
Xn
j¼1

Gj λj;B≥
Xn
j¼1

Bj λj;X ≤
Xn
j¼1

Xj λj;λj ≥0, j¼1,…, n

( )
:

Adhering to the requirements of the DEA methodology, we esti-

mated a frontier model, DEA bootstrap, for the period. Efficiency

scores range from 0 to 1 and the difference between the score

achieved and unity is the percentage of inefficiency (EFF).

The DEA methodology allows us to disaggregate efficiency into

natural efficiency (NATEFF), which considers only those outputs good

for the system, in our case the sale of new products resulting each

year from the innovation processes carried out in the previous period,

and in managerial efficiency (MANEFF), which contemplates effi-

ciency taking into account the negative outputs of the process.

We now need to extend these concepts into a time period using

the measurement of the Malmquist index (IM) (Sueyoshi &

Goto, 2014; C. H. Wang et al., 2012). CCR deterministic model named

after the developments of Charnes et al. (1978). The IM represents

the progress in efficiency from one period to another according to the

movements at the border, defined by the distances of the functions,

capturing the changes in efficiency in a period t as companies

approach or move away from the efficient border of period t � 1. The

MI values show whether their value is 1 that companies have main-

tained the level of efficiency, whether it is less than 1 that they have

become inefficient, and if it is greater than 1 that they have grown in

efficiency. The IM with frontier crossover between the two periods

can be reorganized as follows. Accordingly, we have created IMNAT

for the natural efficiency and IMMAN for the managerial efficiency.

IMt
t�1 ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
UEMt�1

IUEMt�1!t�1&t

UEMt

IUEMt!t�1&t

s
:

4.1 | Stage II: The influence of variables on
performance

In this phase, we will link to the overall performance of the company,

in our case to the total sales volume in 2011. We will further segment

the sample into small and large companies according to whether the

total sales established by the EU (43 million €).
The next step was to test our hypotheses. We will test the rela-

tionship of innovative capacity to this performance, in line with stud-

ies by Zahra and Nielsen (2002) and Chang and Lo (2005). To achieve

this, we use OLS regression analysis to establish the causal relation-

ship between sales for 2011 and our independent variables, R&D

expenditure policies, innovative capacity and innovation dependency.

The strategy for the regressions was sequential, that is, we depart

from the simplest model and introduce the variables according to the

sequence of the hypothesis established. Thus, we first evaluate the

possible effect of the inputs and outputs on performance, leaving out

of the model the efficiency of the firms. The same sequence of regres-

sions will apply for subsamples, small and large companies.

F IGURE 2 Evaluation of innovative capacity on performance [Color figure can be viewed at wileyonlinelibrary.com]
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5 | RESULTS

Following the requirements of the DEA methodology, we estimate a

three-frontier model: a first model for the DEA bootstrap for the

period 08_09 for DEA1, a second for the period 09_10 for DEA2 and

a third complete model covering the previous two periods and DEA3

for the period 08-10. Efficiency scores range from 0 to 1 the differ-

ence between the score achieved and the unity is the percentage of

inefficiency. Moreover, and in order to test our hypothesis, the DEA

methodology allows us to disaggregate efficiency into natural effi-

ciency, which considers only those outputs good for the system, in

our case the sale of new products resulting each year from the inno-

vation processes carried out in the previous period, and in managerial

efficiency that contemplates efficiency taking into account the nega-

tive outputs of the process. Table 1 shows descriptive statistics and

reflects the mean, median and standard deviation of efficiency scores

(EFF), both total efficiency and DUO, as well as natural and managerial

efficiencies.

From these results, we observe that managerial efficiency has

lower average values than natural efficiency in both periods. This in

general, and noting that duo efficiency has increased in the study

period, has been done mainly via input.

Once the efficiencies generated by the DEAs have been obtained,

our research continues through the analysis of regressions for the

corroboration of our hypotheses.

From the OLS regressions (see Table 2), we can observe that H1

and H2 cannot be confirmed for the total sample. However, efficiency

seems to play a crucial role in performance (β = �4.814, p < .001)

confirming H3. When decomposing efficiency, in which we have used

DEA3 for the full period (Model 4), it can be seen that the significance

of both relationships is significant (β = �6.449, p < .001 for natural

and β = �2.826, p < .01 for managerial). With these results, we con-

firm H3a and H3b.

When we include changes in efficiency level (IM, calculated on

DEA1 and DEA2) (Model 5), it can be seen that efficiencies remain

significant, but only changes in managerial efficiency exert a low but

significant effect on performance (β = 4.229E-5, p < .05).

However, we proposed a theoretical effect associated with

resource availability; this is related to the size of the company.

Consequently, we split the sample into two according to the

43-million criteria. € established by the EU.

The results obtained for each subsample respond to H6, H7 and

H8 are shown in Tables 3 and 4. In models from 6 to 15, it can be

seen that the results for each of the subsamples. In the group compar-

ison, performed with SPSS ver. 26, the regressions presented signifi-

cant results at the p < .001 level in the ANOVA. In both subsamples,

efficiency (Models 8 and 13) appeared to be significant (β = �9.080,

p < .001 for SMEs and β = �1.420, p < .005 for larger firms).

When decomposing the efficiency in both samples, for SMEs,

being efficient remains important for performance, as can be seen in

Models 10 and 15 (β = �16.548, p < .001 for natural), while for bigger

firms, this is not so important (non-significant effect for managerial

and natural).

However, the IM associated with natural efficiency is significant

for SMEs (β = .135, p < .01) (Model 10), but the Malmquist associated

with natural efficiency showed a small but significant effect. It is inter-

esting to remark that when the IM is introduced in the regressions,

the significance of the managerial efficiency becomes non-significant

in the bigger companies sample (Model 15), while both efficiencies

remain significant for SMEs. Regarding the effects of changes, in both

subsamples, it is the IM associated with the natural efficiency that

exerts a significant effect on performance, despite it being more

significant for big companies, while the effect presents a higher

coefficient for SMEs.

These results confirm H6 and H7, since both effects are signifi-

cant for SMEs while they are not for large companies, but they do not

fully confirm hypothesis H8.

5.1 | Decomposition of the Malmquist
Productivity Index

As our results are not fully significant, and following some authors

(Orea, 2002) that have criticized the IM, observing that it does not

provide an accurate measure of productivity change because it

ignores the potential contribution of scale economies to productivity

change. The DEA methodology defines the technological frontier in a

given period, reflecting the firms that use the available resources in

TABLE 1 Efficiency descriptive
statistics

N Min. Max. Mean SD

Eficiencia-Good_ Natural_DEA1 107.00 0.80 1.00 0.99 0.03

Eficiencia-Good_managerial_DEA1 107.00 0.64 1.00 0.69 0.10

Eficiencia-Good_DUO_DEA1 107.00 0.46 1.00 0.66 0.06

Eficiencia-Good_ Natural_DEA2 107.00 0.71 1.00 0.99 0.04

Eficiencia-Good_managerial_DEA2 107.00 0.64 1.00 0.86 0.12

Eficiencia-Good_DUO_DEA2 107.00 0.60 1.00 0.84 0.13

Eficiencia-Good_ Natural_DEA3 107.00 0.73 1.00 0.98 0.04

Eficiencia-Good_managerial_DEA3 107.00 0.79 1.00 0.96 0.06

Eficiencia-Good_DUO_DEA3 107.00 0.62 1.00 0.92 0.09
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the most efficient way in the period or, in other words, defines the

best-practice firms, that is, those that produce the maximum amount

of output possible given the inputs used in period t, based on the

observations of the sample in that period.

The distance between the production points of the other firms

and the technological frontier makes it possible to obtain measures of

their technical inefficiency. In DEA, the use of Malmquist indices,

which show the rate of change in technical efficiency between

periods, is considered since they reflect the rates between an index of

change in the quantity of outputs and an index of change in the quan-

tities of inputs in different periods. However, the IM can be calculated

using non-parametric techniques (DEA) (Färe et al., 1992) or paramet-

ric frontier approaches (Fuentes et al., 2001). Following the process

depicted by Orea (2002) and Lee et al. (2011), we decompose the IM

into three different indexes: the ‘catching-up’ efficiency, the scale

and the frontier indices.

The Malmquist ‘catching-up’ efficiency index (IMCUP) can be

considered the rate of change that is observed when the distance in

period t between the firm's efficiency in t and the frontier in t is differ-

ent from the distance in period t + 1 between the firm's efficiency in

t + 1 and the frontier in t + 1. The IM frontier efficiency (IMFRON)

refers to the rates of change that are observed from changes in the

TABLE 5 Malquimst index descriptives for SMEs

IMNAT IMCUP-NAT IMFRON-NAT IMESC-NAT IMMAN IMCUP-MAN IMFRON-MAN IMESC-MAN

N Valid 57.00 57.00 57.00 57.00 57.00 57.00 57.00 57.00

Lost 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Mean 1.74 8.44 1.89 45,761.81 407.84 153,379.28 29.20 106.46

Mode 1.00 1.00 1.00 0.000b 1.252b 1.00 0.000b 0.000b

SD 0.95 19.01 4.32 337,192.17 801.51 609,930.68 81.80 134.21

Asymmetry 1.95 3.45 4.68 7.55 1.91 5.16 4.79 1.40

Std. error

asymmetric

0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32

Kurtosis 3.96 11.46 23.03 56.99 2.89 29.13 27.27 1.13

Std. error

kurtosis

0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62

Percentiles 25.00 1.07a 0.98a 0.25a 0.67a 2.90a 4.55a 0.14a 0.87a

50.00 1.37 1.76 0.99 1.11 4.97 15.72 0.63 50.77

75.00 1.95 5.43 1.25 2.18 22.00 101.92 7.67 162.82

aPercentiles are calculated from pooled data.
bThere are multiple modes. The smallest value is displayed.

TABLE 6 Malquimst index descriptives for big firms

IMNAT IMCUP-NAT IMFRON-NAT IMESC-NAT IMMAN IMCUP-MAN IMFRON-MAN IMESC-MAN

N Valid 50.000 50.000 50.000 50.000 50.000 50.000 50.000 50.000

Lost 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Mean 1122.273 23,524,293.435 6.767 2069.196 1339.934 412,781.859 28.834 68.682

Mode 1.000a 1.000 0.000a 0.000 1.000a 1.000 0.000a 0.000a

SD 3914.915 115,830,606.080 38.710 7344.934 4894.282 2,916,541.033 99.627 98.814

Asymmetry 4.060 6.148 6.892 5.075 4.192 7.071 5.023 2.072

Std. error

asymetric

0.337 0.337 0.337 0.337 0.337 0.337 0.337 0.337

Kurtosis 17.115 39.713 48.145 28.626 17.741 50.000 27.761 4.104

Std. error

kurtosis

0.662 0.662 0.662 0.662 0.662 0.662 0.662 0.662

Percentiles 25.000 1.975 1.679 0.062 0.088 6.421 4.156 0.251 5.003

50.000 4.600 23.516 0.222 0.321 14.721 14.214 0.999 20.512

75.000 8.162 158.504 1.003 2.156 36.812 94.468 6.688 96.828

aPercentiles are calculated from pooled data.
bThere are multiple modes. The smallest value is displayed.
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frontier between the periods considered. Finally, the Malmquist scale

index (IMESC) is related to the changes in efficiency that result from a

proportional change in all inputs. All these indices were calculated

from both the managerial and natural perspectives.

The results obtained from the Malmquist indices are described in

Tables 5 and 6. The data presented show how some of the observed

firms stand out for drastic changes in their efficiencies as can be seen

by the mean, mode and standard deviation. Although from these

results we can draw some conclusions.

Thus, it is worth noting for small companies that the descriptive

variables show values close to 1, except for the managerial and natural

IMFRON, with values close to 0, which allows us to affirm that in the

period under study the efficiency frontier has suffered a contraction,

more pronounced in the managerial frontier.

In the case of large companies (Table 7), we also observe a change

in the frontiers, although in this case the contraction is greater in the

natural frontier IM than in the managerial frontier. In this case, it also

can be observed a decrease in the natural IMESC.

The positive change in both the natural and managerial IMCUP in

both types of firms shows how, in general, firms, as a consequence of

their own technological improvement, are better positioned in relation

to the firms considered more efficient than in the previous period and

are moving towards the technological frontier.

The inclusion of this decomposition in the regressions offers

interesting results on the effects of different efficiency management

decisions on firm performance (Tables 7–9).

Therefore, for the whole sample, IMCUP-NAT (β = �1.93E-06,

p < .01) and IMESC-MAN (β = �.001, p < .05) present significant

effect on performance jointly with the two efficiencies. However,

these efficiencies seem to be due to the presence of large samples; as

when we split the sample in two, for SMEs the different Malmquist

indices do not present significant effects.

6 | DISCUSSION AND CONCLUSIONS

This study is based on a two-fold objective. First, we have tried to

demonstrate the need to adopt complex approaches that recognize

the true nature of innovation, and second, we have specifically exam-

ined the value of efficiency in the innovation process, as proposed in

previous works (Cruz-Cázares et al., 2013). To this end, we have

incorporated advances in efficiency analysis methodology

(Manzaneque et al., 2018; Martínez-Alonso et al., 2020), such as the

use of radial models (Sueyoshi & Goto, 2012). The use of this method-

ology has allowed us to consider the management of innovative effi-

ciency from a dynamic perspective, as suggested in the literature. The

results obtained with these techniques allow us to propose relation-

ships that may seem contradictory in the literature on the study of

efficiency, such as the negative relationship between managerial

efficiency and performance measured by firm sales.

However, our results do not answer all these questions despite

offering interesting clues for future research. What we can see from

the results obtained is that beyond the introduction of measures of

input or output (Manzaneque et al., 2018), researcher should consider

the management of innovation carried out by firms over time. This is

in line with dynamic approaches to resource management and capabil-

ities that confirm that it is not the possession but the value derived

from innovation that can explain the performance of firms and the

need for adaptation when facing transformations (Onufrey &

Bergek, 2021).

In terms of R&D expenditure policies, after our results, we

assume that the company must seek alignment or balance in the com-

bination, integration and acquisition of knowledge from internal and

external sources (Añ�on Hig�on et al., 2018; García-Vega &

Huergo, 2019; Spescha, 2019). Our results also show different atti-

tudes in R&D expenditures in line with previous research (Añ�on-Hig�on

et al., 2018; Triguero et al., 2013). Therefore, a possible equifinality

can be assumed by the lack of effect of the different expenditure poli-

cies analysed. This aspect will require research in the future.

The role played by the size of the firm is noteworthy (Mazzarol

et al., 2010). Thus, from our results, we must insist on the role played

by the amount of available resources. However, this does not mean

that smaller firms are inefficient but that the policies they must use in

order to achieve such efficiency differ from those used by bigger

firms. Indeed, it is the management of efficiency that, and over the

efficiency level itself, contributes to the increase of the performance

of firms. This is, in our opinion, one of the key contributions of this

paper. Thus, only continuous improvement of efficiency will deter-

mine a better performance, and efficiency is what orients the different

input and output innovation policies into a possible competitive

advantage.

Our results contribute to previous works (Cassiman &

Veugelers, 2006; Grimpe & Kaiser, 2010), in the evaluation of the dif-

ferent expenditure policies (Nguyen, Dang, et al., 2021). Indeed, they

allow for the combination of possible contradicting effects such as

what Song et al. (2007) or Chiesa and Frattini (2009) argued, propos-

ing that the possession of greater resources does not guarantee the

achievement of superior performance.

We also reinforce the need to adopt efficiency-based innovation

analysis (Cruz-Cázares et al., 2013; Stadler, 2011), by using DEA.

However, we advance previous work as we incorporate the continu-

ous innovation policy that has been suggested by many authors

(Khosravi et al., 2019; Martínez-Alonso et al., 2020), by establishing a

possible negative outcome of this innovative capacity. Thus, we

reflect the possibility of considering negative the non-replacement of

existing products/services by the new products/services generated by

the innovation. This aspect was not considered by prior research

(Boronat-Navarro et al., 2021; Cruz-Cázares et al., 2013; Martínez-

Alonso et al., 2020; Vega-Jurado et al., 2008) and reinforces the idea

of product portfolio management (Cooper & Sommer, 2020).

Our work presents the following contributions. For the academic

community, we give another example of the interest in using a

technique that has until now focused on the analysis of efficiency in

certain specific fields of management. The result is the application of

an approach that until now has been applied only under the consider-

ation of inputs as negative and results as positive, and we have
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included the possibility of a negative result. These techniques allow

evolution over time to be evaluated, and on the other hand, they

enable several types of output with opposing values to be included,

which we see in the composition of the product portfolio. As we have

said from the outset, the innovative approach is complex and should

be studied in such a way as to adhere as closely as possible to this

reality.

For managers, we find that, although size is a relevant aspect in

innovation management, innovative efficiency is crucial to firm perfor-

mance independently of firm size. The ability to keep track of innova-

tion (frontier in our analysis) reveals the need to monitor the

evolution of the industry. However, the constant renewal of products

and the continuous introduction of new products on the market

reduce organizational performance, being necessary to develop a bal-

anced strategy between new and old products. These issues are par-

ticularly important in small companies. The limited amount of

resources is a constraining and fundamental characteristic of these

firms; however, they must pursue a continuous upgrading in innova-

tive efficiency to improve organizational performance. Therefore, the

negative effect of innovation observed in these firms highlights the

need to efficiently manage the product portfolio and the product

rollover. The substitution of new products for old ones is a key and

decisive factor (Li & Yang, 2020), and this is beyond the predominance

of one type over the other.

In the case of large companies, the management of innovation

differs. Thus, portfolio management has less weight, with a possible

management more focused on a traditional efficiency perspective that

puts emphasis on investing in R&D to introduce new ones, since they

have a greater endowment of resources that allow combining both

policies. This affects not only market performance but also production

systems (Manda & Uzsoy, 2021).

We have also shown that the many contradictions found in the

review of the literature on innovation management can be understood

differently depending on whether it is an SME or a large company.

Although for all types of companies the management of innovation as

an isolated process is influenced by R&D expenditure policies, that is,

the volume of investment made in R&D fundamentally, and secondly,

it is influenced by the intention that the innovative process be consid-

ered efficient when it is oriented towards substituting existing prod-

ucts/services, innovation cannot be seen in isolation, as its results will

be linked to the results of past innovations. In SMEs, this innovative

efficiency of replacing existing products/services with new products/

services has negative implications for performance. This efficiency has

a much smaller impact on large companies.

Geroski et al. (1997) posed that few companies can maintain their

levels of innovation in this regard, to say that SMEs should not

maintain the level of innovation because it would detract from their

performance, which will depend on the exploitation of their past

innovations. However, large companies must maintain their levels of

innovation because it adds to their performance. In other words, while

SMEs, in order to improve their performance, have to balance

exploration and exploitation, and this will be their source of

competitive advantage (Arora & Gambardella, 1990; Hansen, 2001;

Veugelers, 1997), because these companies are limited by their R&D

investment capacity and their productive capacity, in large companies,

improving their performance must be explored because this is their

source of competitive advantage, mainly because innovation increases

their knowledge base and improves learning. This is the main conse-

quence for management that can be taken from this study.

Our article contains certain limitations that must be addressed to

advance our understanding of innovative efficiency. Our sample

focuses on firms that are considered to be innovative and uses a

somewhat limited time period. We accept that sales of innovative

products have a delay that is nothing but fixed and therefore suggest

a study that uses models with broader time scales. Similarly, the use

of panels that are not controlled by the research team requires the

use of proxies that could create a degree of distortion in some of the

results. Therefore, increasing the number of variables considered in

the efficiency evaluation might produce results that produce a richer

interpretation than those presented in this study. Finally, continuous

advances in the DEA methodology require an almost constant review

of the different studies to refine the results and their possible conse-

quences. These limitations point to future research lines based on this

work that will lead to improved recommendations in relation to how

firms should manage innovation.
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APPENDIX A

A.1 | Natural and managerial efficiency

Pn Xð Þ¼ G,Bð Þ;G≤
Xn
j¼1

Gj λj;B≥
Xn
j¼1

Bj λj;X ≥
Xn
j¼1

Xj λj;λj ≥ 0, j¼1,…, n

( )
,

Pm Xð Þ¼ G,Bð Þ;G≤
Xn
j¼1

Gj λj;B≥
Xn
j¼1

Bj λj;X ≤
Xn
j¼1

Xj λj;λj ≥0, j¼1,…, n

( )
:

In our DEA model (Sueyoshi & Goto, 2012), each jth DMU

j¼1,…, n, uses inputs Xj ¼ x1j,…, xmj

� �T
and generates desirable out-

puts, represented by Gj ¼ g1j,…, gsj
� �T

, and undesirable outputs, repre-

sented by Bj ¼ b1j,…, bhj
� �T

. Furthermore, dxi , i¼1,…,m, dgr , r¼1,…, s,

and dbf , f¼1,…, h represent slack variables related to inputs and desir-

able and undesirable outputs, respectively. λ¼ λ1,…, λnð ÞT are

unknown structural or intensity variables, which are used for connect-

ing the input and output vectors via a convex combination. R is the

range resolute throughout the upper and lower bounds of inputs,

desirable outputs and undesirable outputs and is expressed by

following expressions:

Rx
i ¼ mþ sþhð Þ�1 max xijjj¼1,…, n

� ��min xijjj¼1,…, n
� �� ��1

,

Rg
r ¼ mþ sþhð Þ�1 max grjjj¼1,…, n

� ��min grjjj¼1,…, n
� �� ��1

,

Rb
f ¼ mþ sþhð Þ�1 max bfjjj¼1,…, n

� ��min bfjjj¼1,…, n
� �� ��1

:

The managerial efficiency of the kth DMU is evaluated by the fol-

lowing radial model:

Max ξþε
Pm

i¼1R
x
i d

x
i þ
Ps

r¼1R
g
r d

g
r þ
Ph

f¼1R
b
f d

b
f

h i

s:t:
Pn

j¼1xij λjþ �1ð Þo dxi ¼ xik i¼1,…,mð Þ,
Pn

j¼1grj λj�dgr � ξgrk ¼ grk r¼1,…, sð Þ,
Pn

j¼1bfj λjþdbf þξbfk ¼ bfk f¼1,…, hð Þ,Pn
j¼1λj ¼1,

λj ≥0 j¼1,…, nð Þ, dxi ≥0 i¼1,…,mð Þ,
dgr ≥0 r¼1,…, sð Þ, dbf ≥0 f¼1,…, hð Þ and

ξ : unrestricted:

ðA1Þ

Its solution provides the necessary efficiency scores, measured by

θ� ¼1� ξ� þ ε
Xm

i¼1
Rx
i d

x�
i þ

Xs

r¼1
Rg
r d

g�
r þ

Xh

f¼1
Rb
f d

b�
f

� �h i
, ðA2Þ

being o¼1 to managerial efficiency and o¼0 to natural

efficiency.

A.2 | Malmquist Index

“Natural disposability”: The Malmquist index (Sueyoshi &

Goto, 2014), with frontier shift between two periods may be specified

using the following expression:

INCt
t�1 ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
UENt�1

IUENt�1!t�1&t

UENt

IUENt!t�1&t

s
:

The degree of unified efficiency UENt of the kth DMU in the

t period is measured by the following model under natural

disposability:

P1ð ÞMax ξþε
Xm
i¼1

Rx
i d

x
i þ
Xs
r¼1

Rg
r d

g
r þ
Xh
f¼1

Rb
f d

b
f

" #

s:t:
X
jϵJt

xijt λjtþdxi ¼ xikt; 8kϵJt; i¼1,…,m

X
jϵJt

grjt λjt�dgr � ξ grkt ¼ grkt; 8kϵJt; r¼1,…, s

X
jϵJt

bfjt λjtþdbf þ ξ bfkt ¼ bfkt; 8kϵJt; f¼1,…, h

λjt ≥0; j¼1,…, n;t¼2,…, T;ξno restringido;dxi ≥0; i¼1,…,m

dgr ≥0;r¼1,…, s;dbf ≥0; f¼1,…, h,

where Rx
i ¼ mþ sþhð Þ�1 max xij; jϵJt�1[ Jt

� ��min xij; jϵJt�1[ Jt
� �� ��1

;

Rg
r ¼ mþ sþhð Þ�1 max grj; jϵJt�1[ Jt

� ��min grj; jϵJt�1[ Jt
� �� ��1

;

Rb
f ¼ mþ sþhð Þ�1 max bfj; jϵJt�1[ Jt

� ��min bfj; jϵJt�1[ Jt
� �� ��1

.

The degree of UENkt of the kth DMU in the t period is

determined by

UENkt ¼1� ξþε
Xm
i¼1

Rx
i d

x
i þ
Xs
r¼1

Rg
r d

g
r þ
Xh
f¼1

Rb
f d

b
f

 !" #
:

The degree of UENt�1 with respect to the kth DMU in the period

t � 1 is measured by replacing t with t � 1 in the Model (P1).

The degree of IUENt�1!t�1&t with respect to the kth DMU

between two periods is determined by the following model:

P2ð ÞMax ξþε
Xm
i¼1

Rx
i d

x
i þ
Xs
r¼1

Rg
r d

g
r þ
Xh
f¼1

Rb
f d

b
f

" #

s:t:
X

jϵJt�1&t

xijt�1 λjt�1&tþdxi ¼ xikt�1; 8kϵJt�1; i¼1,…,m

X
jϵJt�1&t

grjt�1 λjt�1&t�dgr � ξ grkt ¼ grkt�1; 8kϵJt�1; r¼1,…, s

X
jϵJt�1&t

bfjt�1 λjt�1&tþdbf þ ξ bfkt ¼ bfkt�1; 8kϵJt�1; f¼1,…, h
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λjt�1&t ≥0; j¼1,…, n;t¼2,…, T;ξno restringido;dxi ≥ 0; i¼1,…,m

dgr ≥0;r¼1,…, s;dbf ≥0; f ¼1,…, h:

The degree of IUENt!t�1&t with respect to the kth DMU between

two periods is determined by the following model:

P3ð ÞMax ξþ ε
Xm
i¼1

Rx
i d

x
i þ
Xs
r¼1

Rg
r d

g
r þ
Xh
f¼1

Rb
f d

b
f

" #

s:t:
X

jϵJt�1&t

xijt λjtþdxi ¼ xikt; 8kϵJt; i¼1,…,m

X
jϵJt�1&t

grjt λjt�dgr � ξ grkt ¼ grkt; 8kϵJt; r¼1,…, s

X
jϵJt�1&t

bfjt λjtþdbf þ ξ bfkt ¼ bfkt; 8kϵJt; f¼1,…, h

λjt ≥0; j¼1,…, n;t¼2,…, T;ξno restringido;dxi ≥0; i¼1,…,m

dgr ≥0;r¼1,…, s;dbf ≥0; f ¼1,…, h:

“Managerial disposability”: The Malmquist index with frontier

shift between two periods may be represented as follows:

IMNCt
t�1 ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
UEMt�1

IUEMt�1!t�1&t

UEMt

IUEMt!t�1&t

s
:

The degree of UEMt of the kth DMU in the t period is measured

by the following model:

P4ð ÞMax ξþ ε
Xm
i¼1

Rx
i d

x
i þ
Xs
r¼1

Rg
r d

g
r þ
Xh
f¼1

Rb
f d

b
f

" #

s:t:
X
jϵJt

xijt λjt�dxi ¼ xikt; 8kϵJt; i¼1,…,m

X
jϵJt

grjt λjt�dgr � ξ grkt ¼ grkt; 8kϵJt; r¼1,…, s

X
jϵJt

bfjt λjtþdbf þ ξ bfkt ¼ bfkt; 8kϵJt; f¼1,…, h

λjt ≥0; j¼1,…, n;t¼2,…, T;ξno restringido;dxi ≥0; i¼1,…,m

dgr ≥0;r¼1,…, s;dbf ≥0; f ¼1,…, h:

The degree of UEMkt with respect to the kth DMU in the t period

is determined by

UEMkt ¼1� ξþ ε
Xm
i¼1

Rx
i d

x
i þ
Xs
r¼1

Rg
r d

g
r þ
Xh
f¼1

Rb
f d

b
f

 !" #
:

The degree of UEMt�1 with respect to the kth DMU in the t � 1

period is measured by replacing t with t � 1 in the Model (P4).

The degree of IUEMt�1!t�1&t of the kth DMU in the t � 1 period

is determined by the following model:

P5ð ÞMax ξþε
Xm
i¼1

Rx
i d

x
i þ
Xs
r¼1

Rg
r d

g
r þ
Xh
f¼1

Rb
f d

b
f

" #

s:t:
X

jϵJt�1&t

xijt�1&t λjt�1&t�dxi ¼ xikt�1; 8kϵJt�1; i¼1,…,m

X
jϵJt�1&t

grjt�1&t λjt�1&t�dgr � ξ grkt ¼ grkt�1; 8kϵJt�1; r¼1,…, s

X
jϵJt�1&t

bfjt�1&t λjt�1&tþdbf þ ξ bfkt ¼ bfkt�1; 8kϵJt�1; f ¼1,…, h

λjt�1&t ≥0; j¼1,…, n;t¼2,…, T;ξno restringido;dxi ≥0; i¼1,…,m

dgr ≥0; r¼1,…, s;dbf ≥0; f¼1,…, h:

The degree of IUEMt!t�1&t of the kth DMU in the t period is

determined by the following model:

P6ð ÞMax ξþε
Xm
i¼1

Rx
i d

x
i þ
Xs
r¼1

Rg
r d

g
r þ
Xh
f¼1

Rb
f d

b
f

" #

s:t:
X

jϵJt�1&t

xijt�1&t λjt�1&tþdxi ¼ xikt; 8kϵJt; i¼1,…,m

X
jϵJt�1&t

grjt�1&t λjt�1&t�dgr � ξ grkt ¼ grkt; 8kϵJt; r¼1,…, s

X
jϵJt�1&t

bfjt�1&t λjt�1&tþdbf þ ξ bfkt ¼ bfkt; 8kϵJt; f¼1,…, h

λjt�1&t ≥0; j¼1,…, n;t¼2,…, T;ξno restringido;dxi ≥0; i¼1,…,m

dgr ≥0; r¼1,…, s;dbf ≥0; f¼1,…, h:
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