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Abstract: This work investigates the relationship between sustainability and innovation performance.
Despite the relevance of the issue, few contributions deepen such a relationship after both a conceptual
and a quantitative perspective. Therefore, the aim of this paper is to suggest a measure of sustainability
for innovation processes and to define which innovation strategies can lead to more sustainable
processes. The role of ambidexterity within the corporate sustainability framework is underlined:
Ambidextrous organizations are able to improve the innovation performance and better use their
resources, improving the sustainability of research and development (R&D) processes. By employing
patent data and testing the framework on a sample of worldwide top R&D spending companies in
the IT hardware industry, this work suggests which optimal value of ambidexterity will lead to more
sustainable innovation. In addition, R&D processes with non-optimal levels of ambidexterity can be
managed in a better way. Indeed, results show the usefulness of open innovation adoption to improve
the performance of exploration processes. Moreover, R&D activities based on a preponderance of
exploitation strategies are more sustainable if they fall into technological domains in which the focal
company is highly specialized. The work also contributes to the conceptualization of sustainability
and to definition of patent-based metrics related to sustainability.

Keywords: sustainability; technological strategies; ambidexterity; exploitation vs. exploration; open
innovation; specialization; innovation; innovation performance; patent data

1. Introduction

Investigating the relationship between sustainability and innovation is a focal topic, in line with
the ninth Sustainable Development Goal, which requires the fostering of innovation while ensuring
sustainable development. The link between sustainability and innovation is of great importance also
because it embraces the whole cycle of a product; from the creative phase [1] to the development of
a new product [2] and even during the production process [3], in the supply of after-sales customer
services [4], and in the phase of disposal.

The link between sustainability and innovation has already been the subject of scientific
discussion [5–8], which, however, has focused only on certain aspects of the relationship and not
exhaustively. Indeed, such a linkage is not immediate, and to our knowledge no contribution suggests
metrics to measure the relationship between sustainability and innovation performance. This causes
difficulties in linking each other and in defining the effects of this linkage.

Therefore, the aim of this work is twofold: (1) Providing a measure of sustainability for innovation
processes and (2) defining which innovation strategies are more sustainable, i.e., are capable of
producing a sustainable innovation process.

As to the first point, if sustainability is related to the efficient management of scarce and
limited resources to achieve positive results, an innovation process can be considered sustainable
when knowledge and technological resources are efficiently used to obtain high-quality tangible
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and intangible innovation outputs. For this reason, the authors believe that a measurement system
for sustainable innovation should rely on patent data. Indeed, patents provide publicly available,
standardized information about the output of technological innovation: High objectivity of patent data
is guaranteed by the fact that they are verified by independent third parties (the patent examiner).

With reference to the second point, sustainability is traditionally related to achieving results within
the appropriate time but also achieving results continuously over time. In knowledge management
studies, such issues are related to exploitation vs. exploration strategies, with the former directly linked
to short-term sustainability, whereas the latter is more oriented to long-term sustainable processes.
Most authors [9–11] agree that, more than defining a trade-off between exploitation and exploration,
both strategies should be pursued at the same time, after an ambidextrous perspective. Therefore,
the first research question of this study is:

“Which is the most sustainable mix of exploitation vs. exploration strategies?”

Indeed, authors intend to uncover the most performing value of ambidexterity that allows
firms to achieve the highest innovation performance, since the higher the innovation performance,
the more sustainable the R&D effort, given that the consumption of resources will be oriented
to the most performing processes, reducing costs, increasing profits, achieving efficiency and
effectiveness, reducing waste of resources, minimizing the time to develop products and technologies,
and contributing to company survival, consolidation, and growth.

However, companies that perform a variegated set of R&D processes are not always able to reach
optimal levels of ambidexterity This will imply that various R&D activities will be characterized by
lower performance levels, i.e., will be less sustainable in the long term. Specifically, some R&D projects
will be more oriented on exploitation activities, whereas other ones will be featured by relevant shares
of exploration. Therefore, a second research question will be:

“Which innovation strategies can mitigate the loss of performance featuring R&D processes with
non-optimal exploitation vs. exploration mix and guarantee acceptable levels of sustainability?”

For instance, many scholars argue that open innovation (OI) strategies allow firms to access new
external knowledge, resources, and technology, i.e., perform exploration activities. Hence, OI practices
might support firms in achieving sustainable innovation practices in exploration R&D processes,
compensating the loss of performance due to the non-optimal exploitation vs. exploration mix. Indeed,
when firms carry out highly explorative R&D efforts the quality of the results achieved is variable and
often unpredictable in the long term.

On the other hand, an excess of exploitation will lead to low performance levels and low
quality of innovation output, with few improvements of technologies and products and incremental
developments. However, a strong specialization on a specific technical field will compensate the loss
of performance, since the R&D effort will involve R&D personnel with greater mastery and awareness
with a vision on the future of the focal technology or technical domain that will guarantee higher
performance and quality of innovation performance and, consequently, more sustainability.

In what follows, the theoretical conceptualization of the linkage between sustainability and
innovation is presented and the role of exploitation vs. exploration strategies is analyzed. Thereafter,
the methodological framework is illustrated, and results are presented and discussed. Conclusions close
the work.

2. Background

2.1. Sustainability and Innovation

Sustainability and innovation have often been the subject of joint analysis on various topics
including: Opportunities for start-ups [1], design and prototyping of new products [2], use of
scheduling in production [3], and service innovation [4]. For these reasons, sustainability has been



Sustainability 2019, 11, 4275 3 of 15

defined as a “mother lode of organizational and technological innovations” [5]. However, there is
a need to better understand the linkage between sustainability and innovation, and a first literature
issue is to define a common point. For example, one of the ways to evaluate innovation is related to
the degree of efficiency and effectiveness of innovation. Effectiveness reflects the degree of success
of an innovation, while innovation efficiency relates to the effort made to achieve such degree of
success [6]. Consequently, effectiveness and efficiency can be considered performance parameters
aiming at profit maximization. For instance, efficiency issues are linked to the replacement of obsolete
products, the horizontal extension of the product range, or the introduction of technologically better,
environmentally friendly, or new products, to the opening of new markets abroad or to new targets in
the national context, or to increase market share [12]. Instead, measures of effectiveness could be the
average time to develop a new product/service or component, the average number of hours of work
needed, the average cost, and the degree of overall final satisfaction [13].

Therefore, sustainability and innovation could be linked by focusing on the performance effects
guaranteed by sustainable R&D processes. Based on all the above considerations, it is clear to understand
why the obsolete concept of eco-innovation and eco-efficiency, basically oriented to ecological and
green aspects, has slowly evolved into a more complete approach named sustainability-oriented
innovation, making intentional changes to processes and/or products to create environmental and
social value, but an economic return too [14]. Sustainability-oriented innovation proposes to alleviate
the tensions between the company’s environmental, social, and financial objectives, which are often
at odds with each other. However, beyond the conceptual definition of sustainability, an additional
problem found in literature is related to how to measure sustainability. Indeed, various measures
have been suggested to analyze the contributions of companies to sustainability, such as those
that state that companies contribute to sustainability when the value created exceeds the damage
(economic, social, and environmental) caused outside the company, or measure the eco-efficiency, i.e.,
the creation of the highest possible value in relation to the environmental impact [7]. Another measure,
known as “sustainable value added” considers both the efficiency (a relative measure, explained
by relationship between the unwanted consequences, e.g., environmental impacts, and the desired
ends, e.g., the economic performances) and the effectiveness (an absolute degree of environmental,
social, and economic performance) of the use of resources [8]. Therefore, the difficulties in measuring
sustainability inevitably determine a significant issue once a scholar intends to evaluate the relationship
between sustainability and other topics. To our knowledge, the linkage of sustainability with innovation
performance has never been investigated after a quantitative perspective, suggesting metrics to evaluate
the effects of such a relationship.

In addition to the concept of profit maximization, sustainability-related aspects are also linked to
time-related issues. Indeed, since consumers influence the market with their choices, companies need
to learn sustainable consumer behaviors, whereas consumers have to understand sustainable corporate
strategies. Consequently, citizens and businesses often prefer immediate economic benefits instead
of sustainable long-term benefits [15]. The consumption of goods and services involves individual
choices that involve short-term personal interests rather than sustainable long-term common goals.
The growth model with a short-term time horizon and individual interest is far from the model of
sustainable innovation with a long-term orientation [16]. However, it is important to highlight that
an economically viable company must guarantee enough cash flow to guarantee liquidity at any time,
while still producing a return above the average for its shareholders. Therefore, a sustainable business
can be defined as the ability of companies to respond to their short-term financial needs without
compromising their ability to meet their future needs [17]. In other words, sustainability can refer to
the company’s ability to be profitable not only today but also tomorrow.

The linkage between sustainability and innovation is well represented by the adoption of open
innovation (OI) strategies. The optimization of idea generation and product development processes
aimed at reducing the waste of knowledge and technological resources is possible, in a large part of
cases, by adopting a collaborative and regenerative policy, rather than a competitive and extractive



Sustainability 2019, 11, 4275 4 of 15

one. Indeed, companies are increasing their availability both in cooperation with customers and
in adopting a sustainability approach [7], signaling that OI contributes to the hope that large and
small companies might benefit from cost savings and environmental benefits deriving from sharing
sustainability-oriented innovations [18,19]. Value creation and OI can be oriented towards the creation
of a new product designed and built with high sustainability criteria. The practical implications are
represented in the opportunity for companies to co-create value by co-operating in networks and
managing sustainable innovative projects [20].

2.2. Ambidexterity, Exploitation, and Exploration

To investigate the relationship between sustainability and innovation, it is useful to consider the
technological strategies that companies can select to carry out R&D efforts. Specifically, the trade-off

between exploitation and exploration is certainly a focal issue for sustainable innovation strategies.
“Exploration” means a strategic practice aimed at finding new domains of knowledge through

basic research, research, and experimentation, while the so-called “exploitation” refers to the use of
skills and knowledge already present in a company, through activities such as standardization and
optimization of the processes, upscaling, and refinement, [21]. The exploration of new possibilities
and ideas is based on distant research and linked to new experiments, accepting the idea of taking
risks, but in order to create new capacities [22] or produce new knowledge [23]. Such a new body of
knowledge will serve as a seed for future technological development [24] moving on to a different
technological trajectory [25] and aiming to enter new domains of the product market [26] to have
a long-term growth horizon. Instead, exploitation activities allow companies to achieve economies of
scale and short-term results [22]. They are based on local search and follow the current technological
trajectories, improving the existing knowledge domains of the product market [26].

Internal development is therefore the most common practice for obtaining exploitation. A large
literature confirms instead that the use of open innovation activities is motivated by access to new
knowledge from the outside [27,28]. Therefore, an open strategy is preferred to a closed one when new
knowledge domains should be explored. Moreover, while exploration and exploitation are mutually
exclusive within a single technological field, they can coexist between different domains; therefore,
high levels of exploitation in a specific area can also correspond to high levels of exploration in others
and vice versa [29].

In the context of exploitation, it is also interesting to try to understand the different degree of
exploitation of existing knowledge. Indeed, differences in the depth of research lead to varying
degrees of confidence with the knowledge in question. Therefore, companies can expand their
knowledge, vertically pursuing specialization, or horizontally, following diversification [30,31].
For example, with specialization strategies companies focus on a narrow area of knowledge, activity,
or skill [32,33], reducing the probability of errors, even if undertaking excessive exploitation phases
could be wrong in the future. Specialization, therefore, makes research more reliable and allows
companies to better distinguish elements of knowledge of poor value from precious ones and to
develop connections between them [34]. On the other hand, companies can think of diversifying to
extend their business activities into additional fields [35,36], seeking and accumulating knowledge
with potential applications in multiple product market domains [37]. The technological portfolios in
which knowledge is spread over many technical fields are considered to be symptoms of higher levels
of technological diversification [38].

2.3. Sustainability and Exploitation vs. Exploration

Policies that consider both the time factor and the sustainability of the company are linked to
the company’s ability to have the strength to explore new horizons of knowledge, but at the same
time to economically exploit the skills and knowledge already acquired. For example, there are
also theoretical arguments that support the idea that the concept of exploitation can be used
within the corporate sustainability framework. From the perspective of sustainable exploitation
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practices, organizations should achieve continuous incremental improvements to effectively generate
a material, water, and energy use reduction and productivity improvements. Consequently, one of the
main premises of sustainability exploitation practices is to improve sustainability performance and,
simultaneously, increase competitiveness [9]. Furthermore, sustainability and exploitation strategies
can be associated with the increase of organizational ability to apply cost-effective solutions to solve
sustainability problems [10].

Organizations, however, also need new knowledge for innovation and exploration of the unknown
to contribute to sustainable business management. Sustainable exploration practices reflect process
innovation, product innovation, and sustainability-oriented learning; from a production point of view,
process innovations in terms of new sustainable solutions can be associated with exploring sustainability.

In contrast to the perspective of the value chain function that usually deals with exploration and
exploitation as dichotomous measures, the domain of knowledge makes exploration and exploitation
operational as a continuous measure along one of the three dimensions of the space of knowledge:
cognitive, temporal, and/or spatial [11]. In particular, the exploitation of sustainability implies local
research that is based on the existing sustainability capabilities of an organization, while the exploration
of sustainability involves more distant research for new features or even the development of new
organizational mental models.

A management aimed at using both practices (exploration and exploitation) is called
“ambidextrous”. The organizational ambidexterity arises in the ambit of the organization of the
company, to then extend to the field of innovation and the management of corporate strategies [39].
Being an interdisciplinary theory that, consequently, can be applied to a wide range of sectors, it is
possible to try to understand the impacts in the context of sustainability from different points of view.
From the point of view of stakeholders, for example, sustainability requires the identification of existing
stakeholders, the assessment of their needs and the exploration of their new needs. About process
management, on the other hand, a sustainable company should tend to continuously improve its
existing processes and, at the same time, explore new ways to improve them. From the point of view
of product and service design, sustainability requires incremental improvements for existing products
and services and the search for opportunities for the development of new products and services.
In relation to learning, a sustainable company must train and frequently update the current skills of
employees and at the same time develop new knowledge.

Research on organizational ambidexterity is characterized by the evaluation of the balance between
exploration and exploitation, which is particularly advantageous for companies focused on sustainable
practices [40]. The exploratory approach can facilitate the creation of value while ensuring the acquisition
of value [29]. But companies that inadequately seek exploration can waste economic resources on
experimentation without obtaining many benefits, while companies that pursue exploitation in
an inefficient manner may depend excessively on existing resources, thus remaining vulnerable to
environmental changes [41]. Therefore, companies able to dynamically balance exploration and
exploitation can survive and prosper both short and long term, making themselves sustainable.

3. Materials and Methods

3.1. Data Sample Definition

Data were extracted from the 2011 PATSTAT database through a PHP-based software.
For comparability reasons, the analysis was confined only to filings recorded in the European
Patent Office (EPO), excluding national patent offices. Both priorities actually claimed and first
granted patent applications potentially claimable were included, in order to consider both high-value
patents [42,43] and less-valuable applications.

The devised framework was applied to patents filed in 2003 by 65 worldwide top R&D spending
companies in the IT hardware industry. The year of analysis was selected depending on the need of
evaluating technological quality through an ex-post indicator: Data from 2004 to 2011 were employed
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to detect forward citations. The selection of the sector derives from the fact that patents are widely
used in this sector as a means of appropriation of intellectual property.

Companies were sampled from The EU Industrial R&D Investment Scoreboard and searched in
PATSTAT applicant table trough the PHP application, also searching for further information on Google
in order to reduce issues related to name disambiguation and typing errors of applicant names
within PATSTAT.

A total number of 3744 patents was detected.

3.2. Variable Definition

Different variables were included in the model. First, the exploration vs. exploitation strategy
was defined at the knowledge domain level—where such strategies are mutually exclusive—and then
the mix of strategies was analyzed at the patent level, where the strategies may coexist [29].

Sustainability is proxied with the technological quality of the patent. Indeed, if the R&D effort put
to develop a patented technology results in a high-quality application, the process can be considered
as effective and, therefore, sustainable.

Lastly, two other variables were included to detect innovation strategies that can be pursued
to increase sustainability when a non-optimal mix of exploration and exploitation is found:
Open innovation and specialization.

3.2.1. Exploitation vs. Exploration

In line with literature [44,45], authors employed Cooperative Patent Classification (CPC) codes
to operationalize knowledge domains. Each CPC code consists of a five-levels hierarchical symbol:
In order to study knowledge domains, the fourth-level code was used [46].

Most authors agree that knowledge rapidly evolves and firms can lose their technical skills if
they do not continuously exploit a technological field [38,47–50]. Therefore, not all the patents owned
by a firm in year t actually contribute to the stock of knowledge for the year. While the term of the
legal patent protection is quite long, according to the aforementioned studies the period during which
experience accumulated in a knowledge domain is employable (tEXPER) does not exceed five years.

Furthermore, an exploration period (tEXPLOR) was considered: Indeed, from the first time a specific
knowledge domain is explored, some time is needed to completely master the technological field.
Some authors [22] define a three-year period for tEXPLOR.

Therefore, for each company, CPC codes disclosed in patent applications filed at time t were
labelled as follows:

CPCi(t) =

{
exploitative, i f present in a f irm′s patent f rom t − tEXPER to t − tEXPLOR

explorative, otherwise.
(1)

Actually, all the knowledge included in applications filed before t − tEXPER is excluded by the
stock of knowledge, being obsolete. Moreover, knowledge generated after t − tEXPLOR in year t is still
at an exploration phase. Consistently, CPC codes were labelled as explorative when the first patent
application reporting such code was deposited by the focal firm after t − tEXPLOR.

For the purposes of this work, the two time periods were reduced in order to consider the
peculiarities of the IT hardware sector: Shorter product life cycle, fast development pace, and design
modularity [51]. Therefore, three years was set as the experience period and two years for the
exploration period. Finally, considering t = 2003 as the year of analysis:

CPCi(t) =

{
exploitative, i f present in a f irm′s patent f rom 2000 to 2001

explorative, otherwise.
(2)
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Once the strategy within each technological field was defined in each patent, the ratio of CPC
codes in exploration phase on the total number of codes in the document was calculated. Therefore,
at the patent level, exploration and exploitation are two percentage variables whose sum equals one:

Exploration =
No. o f CPC codes in the exploration phase

Total no. o f CPC codes in the patent document
× 100 (3)

Exploitation = 1 − Exploration. (4)

3.2.2. Technological Quality

Consistently with literature [52–58], the technological quality of the patent was assessed with the
forward citations received from the patent. In order to have a reliable indicator, self-citations were
excluded, i.e., only citations received from external parties are considered. Furthermore, in order to
ensure consistency, the analysis was confined to citation received from patents filed at the EPO, since the
propensity to cite prior art varies among offices [59]. Therefore, technological quality was a count variable:

Technological quality = No. o f f orward citations received by the patent at the EPO, excluding sel f citations. (5)

3.2.3. Open Innovation

Open innovation is analyzed in its inbound dimension, by defining the affiliation of the resources
that took part in the development process. Two different categories of patents can be considered as
deriving from open innovation processes [60]:

• patents with more than one assignee, when two or more organizations jointly developed
a technology and therefore shared the intellectual property;

• patents with only one assignee but with some inventors not belonging to it: Here, external inventors
took part to the development process without sharing the intellectual property with the focal
company, who remained the only assignee.

Therefore, two steps were followed to define “open” patents. First, if two or more applicants
were found in the assignee field, the patent could be considered as a co-patent, consistent with many
literature contributions [61,62]. Second, if only one applicant was found in the assignee field, all the
inventors’ affiliations were detected: If any inventor found in the application did not belong to the
focal firm, the patent was considered as deriving from an R&D outsourcing process.

Both these categories define an open patent; therefore, a dummy variable was defined:

Open innovation

=

{
1 i f there are either more assignees or inventors not belonging to the only assignee

0 i f there is only one assignee and all inventors belong to the only assignee.
(6)

3.2.4. Specialization

Specialization is considered to analyze how much the company concentrates on specific knowledge
domains. Actually, not all technological fields are equally important for a firm, which typically strongly
focuses on a limited number of them, which constitute its core business, where other knowledge
domains can be considered as peripherical. High specialization is obtained when most R&D efforts of
the company are focused on a few technological fields. In literature, a similar concept is expressed by
the so called technological familiarity: A component is familiar to the firm when it has been recently
and frequently used [49,63].
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Therefore, for each technological field, specialization was assessed by dividing the number of
patents disclosing the CPC code by the total amount of patent applications within the company:

SpecializationCPC =
No. o f patents disclosing the CPC

Total no. o f patent documents
× 100. (7)

Thereafter, specialization of a patent was calculated as the average value of specialization in its
different codes [64]:

SpecializationPATENT =

∑
SpecializationCPC

No. o f CPC codes in the patent document
× 100. (8)

3.3. Statistical Methods

Quadratic regression was used to evaluate whether, how, and to what extent technological quality
is influenced by the exploitation vs. exploration strategy, i.e., which is the optimal mix of exploitation
and exploration that provides the maximum value of quality. Thereafter, linear regressions were used
to evaluate whether, how, and to what extent the use of open innovation and the specialization in core
technological fields can increase the level of quality, even when a non-optimal mix of exploitation and
exploration is adopted.

4. Results

In Table 1 the description of the sample is provided. Almost two thirds of the analyzed patents
are developed pursuing a pure exploitation strategy, i.e., all the CPC codes reported in the patent
document were already present in applications filed in the three previous years. Indeed, the average
value of exploration was 0.2, meaning that on average only two knowledge domains out of 10 are
new for the firm. The patents developed with the contribution of third parties were 17% of the total
sample: The great majority (603, 16%) was obtained with R&D outsourcing, while the role of joint
development was negligible. This means that the companies in the sample prefer to keep internally
the intellectual property even when they apply OI practices. Almost all the sample of patents had
values of specialization higher than zero, but the average level of specialization was not very high,
meaning that, even in almost any patent developed some CPC codes are “core” for the company, a high
level of diversification, with many peripheral technological domains, was observed. Lastly, almost all
the patents in the sample had at least one forward citation, with an average value of about 10 citations
per patent.

Table 1. Sample description.

Variable Value

Number of companies 65
Number of patents 2003 (unit of analysis) 3744
Number (%) of patents with exploration 1058 (28.3%)

avg. exploration 0.20
Number (%) of patents with open innovation 635 (17.0%)

Number (%) of patents with specialization 3604 (96.3%)
avg. specialization 0.07

Number (%) of patents with forward citations 3386 (90.4%)
avg. # forward citations 9.93

Table 2 shows the results of regression of the number of forward citations with respect to
exploration. Results show that the linear coefficient was positive, whereas the quadratic one was
negative, suggesting an inverted U-shape trend. Given that exploitation was defined as 1 − exploration,
the result suggests that a balanced mix of exploration and exploitation provides higher technological
quality than a pure exploration or a pure exploitation strategy.
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Table 2. Regression: Total sample.

Dependent Variable: Adj. R-Square F Sig.

Number of forward citations 0.008 15.821 0.000

Covariates: B t Sig.

(constant) 9.825 32.930 0.000
exploration 14.904 4.818 0.000
exploration2 −17.460 −5.362 0.000

The results are also shown in Figure 1, where it is possible to see that the maximum level of
expected technological quality was obtained for a mix of exploration vs. exploitation around 40%–60%.Sustainability 2019, 11, x FOR PEER REVIEW 9 of 14 
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Figure 1. Number of forward citations trend with respect to exploration.

In order to evaluate whether the recourse to OI enhances technological quality when exploration
strategies are pursued, in Table 3 regression results are obtained by filtering only patents which actually
are in exploration (1058 out of 3744). In this case, even if technological quality decreased with the
level of exploration, the recourse to OI practices was positively linked to the number of forward
citations received.

Table 3. Regression: only patents in exploration.

Dependent Variable: Adj. R-Square F Sig.

Number of forward citations 0.016 9.612 0.000

Covariates: B t Sig.

(constant) 15.314 10.150 0.000
exploration −8.316 −4.153 0.000

open innovation 2.818 2.005 0.045

The results are also shown in Figure 2, where it is possible to observe that, for any level of
exploration, the technological quality expected for patents developed in an open context was higher
than that in a closed one.
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Figure 2. Number of forward citations trend with respect to exploration in closed and open conditions.

In order to evaluate whether higher specialization enhances technological quality when exploitation
strategies are pursued, in Table 4, regression results were obtained by filtering only patents which
actually were in exploitation (3272 out of 3744). Even if the level of technological quality decreased
with exploitation, specialization was positively associated with the number of citations received.

Table 4. Regression: Only patents in exploitation.

Dependent Variable: Adj. R-Square F Sig.

Number of forward citations 0.009 16.239 0.000

Covariates: B t Sig.

(constant) 15.606 11.118 0.000
exploitation −6.478 −4.308 0.000

specialization 8.628 4.095 0.000

The results are also shown in Figure 3, where it is possible to observe that, for any level of
exploitation, the higher the level of specialization, the higher the expected technological quality.
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5. Discussion

The obtained results allow us to answer the two research questions.

“Which is the most sustainable mix of exploitation vs. exploration strategies?”

Results show that, in order to obtain highly cited patent documents, the R&D effort of companies
should include both already exploited and still unexplored knowledge domains, i.e., firms should
adopt an ambidextrous strategy. The optimal mix obtained was around 60% vs. 40%: Highest levels of
technological quality when six out of 10 CPC codes included in the patent were already present in
previous applications, whereas the other four were new to the firm.

Consistently with literature [41], a balanced mix of such strategies is more sustainable because
benefits of both can be pursued, avoiding short-terms traps related to exploitation, but also mitigating
the high risks linked to exploration. It can be argued that if exploitation provides sustainability in
terms of efficient use of current knowledge resources, exploration lays the foundations for future
competitive advantage, sustainable in the long term.

“Which innovation strategies can mitigate the loss of performance featuring R&D processes with
non-optimal exploitation vs. exploration mix and guarantee acceptable levels of sustainability?”

Two different results were obtained when the mix was unbalanced towards exploration or towards
exploitation. In the first case, a relevant role is played by OI, which enhances technological quality.
The result is not surprising: If the knowledge domains included in the R&D effort are new to the
firm, the presence of third parties—which probably master such knowledge—allows to overcome the
difficulties of the company in exploring unknown domains [7]. The recourse to exploration signals the
willingness to pursue long-term goals, with all the risks and costs that such strategy implies. However,
by involving external actors, risks costs and time can significantly decrease thanks to the body of
knowledge provided by such players. Notably, the leading companies in the IT hardware industry
adopt inbound open practices that still allow them to maintain all the intellectual property inside
the firm (i.e., R&D outsourcing rather that joint development), in order to guaranteeing sustainable
competitive advantage.

On the other side, when exploitation is prevalent, higher levels of technological quality are
obtained if specialization is pursued [32,33]. This means that if R&D efforts are strongly specialized on
specific knowledge domains, the short-term traps of exploitation are mitigated. By concentrating on
few core domains, the level of mastery and awareness of R&D personnel increases and future trends
for such core technologies can be forecasted, thus ensuring long-term sustainability.

6. Conclusions

The work proposes a conceptualization of sustainability in innovation processes through the use
of technological quality of patents. Indeed, if the R&D effort put to develop a patented technology
results in a high-quality application, the process can be considered as effective and, therefore,
sustainable. Moreover, technological strategies for pursuing sustainable innovation processes are
analyzed. In particular, the role of ambidexterity, open innovation, and specialization is investigated.
The analysis demonstrates that specific levels of ambidexterity will imply optimization of R&D efforts
and resources and, consequently, more sustainability. Additionally, sustainable innovation will also be
achieved within non-optimal levels of ambidexterity by engaging external actors during explorative
activities or exploiting the competencies within the technological areas in which the focal company is
highly specialized.

The conceptualization of the linkage between sustainability and innovation processes contributes
to both literature on sustainability measurement in an industrial context and to theory on innovation
management and innovation performances. From a managerial perspective, the paper suggests the
optimal levels of exploitation and exploration that, at least in the selected industry, allow to both reuse
actual knowledge and explore new technological fields, in order to gain efficiency and effectiveness.
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As the paper is based on patent data, a clear limitation of the work is that the results are not
generalizable to industries were patents are not used as a means of appropriation of innovation. At the
moment, the work illustrates results for the IT hardware industry, but future works will be addressed
to enlarging the sample of companies and considering other R&D-intense industries. In particular,
an interesting case could be represented by bio-pharmaceutic companies, where patents play as relevant
a role as in IT hardware, but other features—such as development pace—are very different. From the
comparison of the two industries, more general results can be obtained. On the other side, in other
industries where patents are not used, different metrics for sustainability of innovation should be
developed, based on different forms of intellectual property rights, such as trademarks or copyrights.

Future research directions will be also addressed to enlarge the time horizon as to both technological
strategies and innovation performances, as to define long-term effects. Moreover, other patent-based
metrics—such as patent family generation or renewal fees payment—will be added in order to better
operationalize sustainable innovation.
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