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SUMMARY
It is difficult to imagine life without changes influenced by technology and
innovation, which are characteristic of the era in which we live, with changes
that, albeit always present throughout the history of mankind, are today
presented as challenges for companies, organisations and governments,
which pursue sustainable development, that is, prudent use of resources for
the benefit of humans and the ecosystem around us, in a way that makes
available such resources today and into the future.
Unfortunately, the outcome of business innovation practices that are at the
centre of these processes have resulted in the exclusion of four billion
segment of the population comprising low-income groups in developing
countries, also in degradation of natural resources, climate change, social
inequality and excessive consumption of resources, because perhaps what
was once good and innovative is now no longer so. In this context, debates
have emerged and caught the attention of researchers and practitioners about
how companies could innovate in a way that promotes sustainable
development, which comes from "innovation", but also it to be "responsible".
Responsible innovation (RI) deepens the relationship between science and
society, which seeks for innovation under a democratic governance
framework to be better integrated into society to ensure its contribution and
benefits are effective. But how does responsible innovation in industry
happen? In other words, in terms of one of the most widely used definitions
in the academic context, “responsible innovation means taking care of the
future through collective stewardship of science and innovation in the
present” (Stilgoe et al., 2013, p. 1570). Although this last definition
acknowledged responsible innovation as a practice closely related to
sustainability, the way in which its integration happen into industry is still in
its infancy, and even more so when it comes from small and medium-sized
enterprises (SMEs). This discussion remains one of the major research gaps
analysed in this thesis.
Moreover, in order to survive in a global and highly competitive
environment, SMEs seek to achieve sustainable development through
technological innovations. 3D printing (3DP) holds substantial promise for
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sustainability and the creation of a circular economy1. Although 3D printing
does not have a real sense of poverty alleviation in developing countries, has
the potential to be a transformative alternative to the local production and
consumption system. Manufacturing requires an understanding of local
cultural issues that affect the management and organizational practices on
which the competitiveness of enterprises is based. In that sense, once the
decision is made to use a technology, it must be adopted and implemented.
However, 3D printing, in that sense, is currently in the early stages of
adoption especially from the perspective of small and medium enterprises.
Therefore, in order to strengthen this area of research, this dissertation
presents a comprehensive analysis of the factors influencing the adoption of
3D printing by different types of SMEs. This analysis is therefore another of
the main topics analysed in this thesis.
Regarding the main topics of this thesis, unawareness of the potential value
of responsible innovation for SMEs with the common objective of reaching
sustainability, that generates economic benefits, but also generate social
value connected to the global challenges of society. Even more so in a
developing country, such as Bolivia, means once again being left out of an
important socio-economic development, in a society that is marginal to what
is going to happen. Bolivia has been undergoing a major boom period in
recent years due to the price of natural gas and its derivatives, which has led
to one of the best GDP per capita indices in Latin America, but despite these
indicators, it is one of the poorest countries in the region with one of the
highest indices of inequality, which could increase levels of poverty and
extreme poverty, which in 2019 were 37.2% and 12.9% respectively (INE,
2019). These are part of the greatest challenges that Bolivia still faces. Thus,
the third analysis for understanding the spread of responsible innovation is
through corporate social responsibility (CSR) practices. This understanding
is crucial for SMEs because, CSR seems to have a relevant capability of
promoting responsible innovation, in particular resulting from collaboration
with other stakeholders.
Based on the existing literature, this dissertation proposes three different
analyses. The first empirical study explores the key factors that determine the
1

The circular economy (CE) aims to radically improve resource efficiency by eliminating the
concept of waste and leading to a shift away from the linear take-make-waste model (Despeisse
et al., 2017).
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adoption of 3DP technology by SMEs in Arizona in the United States. Their
results suggest that factors such as relative advantage, integration, readiness,
managerial obstacles, and in turn, external collaboration foster the adoption
of 3DP. The second study deals with a systematic literature review to develop
a conceptual model for responsible innovation and its relationship with
business performance through corporate social responsibility and sustainable
innovation practices. The last one empirical study focuses on explore whether
CSR practices towards stakeholders promotes RI and financial performance,
findings suggest that the relationship between CSR and financial
performance mediated by responsible innovation was positive but weak.

Finally, the results of this dissertation join the emerging debate on
responsible innovation and its application in SMEs. The focus is on SMEs
because they represent 98% of the companies in the world. Their
achievements have the potential to generate a major impact on the country's
economy and society. Furthermore, this dissertation could also help
researchers and practitioners to new insights to address responsible
innovation for society, with society and for sustainable development.
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Chapter 1. Introduction

...the problem is not so much the technology itself but the challenge of adopting and
applying it responsibly.

1.1.

Sustainability and firm performance

SMEs, which represent 95% of the workforce, are considered responsible for
approximately 60% of all greenhouse gas emissions and approximately 70%
of global pollution (Aragón-Correa et al., 2008; Bartolacci et al., 2020; Miller
et al., 2011). Thus, the concern for the care of the environment and
sustainability has promoted a scientific debate, which has resulted in an
important social attention, but also in the attention of practitioners and
researchers (Bartolacci et al., 2020). In light of the current business situation,
special attention has been given to studying the relationship between
performance and sustainability. The former is related to the multidimensional
construction which uses both financial (e.g. ROA, productivity, sales growth,
market share, etc.) and non-financial measures (e.g. customer satisfaction,
brand image and corporate reputation, employee motivation, etc.). The latter
is related to investigate the influence of sustainability practices. However, we
can start with their definition. Sustainability has its origins in the 1987
Brundtland Report as a political concept and refers to “development that
meets the needs of the present generation without compromising the ability
of future generations to meet their own needs”. To this end, sustainability can
be studied from a macro and micro approach. The first refers to the general
economic system, and the second to a specific analysis of individuals,
companies, and governments. On the one hand, at the macro level,
sustainability focuses on reconciling the aspirations of nations to live better
with Well-being. Because while to live better nature is seen as something that
must be conquered and exploited at a competitive level, Well-being is life in
its fullness, it is about knowing how-to live-in balance and harmony with
nature. Along these lines, there have almost always been two opposing
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visions of the relationship between man and nature, one aligned with Wellbeing and the other with living better (Kuhlman and Farrington, 2010).
However, living better has perhaps been the dominant phenomenon in the
last two decades, with repercussions that are presented today as one of the
most profound challenges that humanity has faced, i.e. climate change and
its effects (floods, ecological change, extreme heat, loss of species, scarcity
of resources, and droughts). At the same time, the counterpart has always
been present, i.e. the concern for the care of the environment, but the
important argument is "welfare" seen from an intergenerational "equity"
approach (Kuhlman and Farrington, 2010). Equity is understood as the study
of who gets what, when, and how (Lasswell, 2018), which means distribution
- whether of goods and services, wealth and income, opportunity and
disadvantage. Although equality is the goal, distributions contain both
equality and inequality considered to be fair. Thus, in 1992, the United
Nations made a statement on this subject and held that to care for the
environment all levels of society, governments, organizations, businesses,
and individuals must share the same vision of care. That same year the United
Nations Framework Convention on Climate Change was established to
organize negotiations with the world's states. In 1997, the first negotiation
with many countries was established, the so-called Kyoto Protocol, which
aimed to reduce the level of greenhouse gases. However, in five years the
Kyoto Protocol did not achieve much because the signatory states did not
meet the commitments they had made. Moreover, the two largest emitters of
greenhouse gases in the world, the United States and China, were not covered
by the Protocol.
On the other hand, concerning the micro-level at the business level,
sustainability is called corporate sustainability (Bos-Brouwers, 2010) and is
defined as meeting the needs of a company's direct and indirect stakeholders,
not including its ability to also meet the needs of future stakeholders (Porter
and Kramer, 2006). One strategy for building sustainable industry practices
has been the triple-bottom-line (TBL) approach, with indicators that look at
social, economic, and environmental dimensions that are interrelated
(Elkington, 1998). Consequently, corporate sustainability is also related to
other ways of stating it such as corporate social responsibility (CSR) (Castka
et al., 2004). According to the authors, CSR should advocate for companies
to improve the impact of their actions through the protection of social and
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environmental dimensions, directly connected to their business strategy
(Porter and Kramer, 2006). Also, business sustainability has been addressed
as a sustainable Bioeconomy in the European Union that aims to strengthen
the connection between the economy, society, and the environment
(European Commission, 2018). Consequently, in business terms, we have
two perspectives sustainability from the point of view of corporate
sustainability and financial performance both to ensure business viability in
the medium and long term and to continue operating in the interest of
stakeholders (Bartolacci et al., 2018). In light of the above, although there is
a gap in the relatively new literature regarding the relationship between
sustainability and performance in SMEs (Bartolacci et al., 2020; Prashar and
others, 2020), the integration of responsible innovation strategies allows
companies to be simultaneously coherent to add value to society, thus
satisfying sustainability demands, and at the same time obtain benefits from
the very beginning of innovation activities (de Poel et al., 2017). This last
argument has led to the recognition of responsible innovation as a strategy to
seek, on the one hand, added value for society, and on the other, to obtain a
competitive advantage. However, how performance and sustainability relate
to responsible innovation remains a major research gap, which will be
explored in this dissertation.
Thus, the aim of this dissertation is to understand the adoption of a
technology -3D printing- and responsible innovation in order to pursue
sustainability among SMEs.

1.2.

RRI and RI

Although several authors have identified that responsible research and
innovation (RRI) shares common characteristics with the responsible
innovation (RI) discourse and vice versa (Bessant, 2013; Von Schomberg,
2013, 2012) and have even used them interchangeably because of the
flexibility of their interpretation (Rip and Voß, 2013), in recent years these
discourses seem to have moved along divergent paths (Owen and Pansera,
2019). In other words, the RRI and RI are analogous but different (Owen and
Pansera, 2019). It is not the purpose of this research to make an in-depth
analysis of the distinction between these two discourses, but we do believe it
is important to briefly summarise this relationship to position ourselves in the
discourse. RRI, which derives from the concept of "anticipated governance",
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a term first used by Guston and Sarewitz (2002), provided a public policy
sense in their discourse and was appropriated mainly by the European
Commission, which was struggling at the time to overcome its economic
crisis and, saw innovation as a possible future scenario of sustainable growth
(Burget et al., 2017). Thus, in 2011 the European Commission committed
itself to the RRI because it thought that it could be beneficial for people if it
met the needs of society, i.e. providing economic, social, and environmental
sustainability. Although in practice, the complexity was greater because its
definition was not clear until then (Owen et al., 2012) and, it was not until
2011 that Hilary Sutcliffe first attempted to summarise the characteristics of
RRI but, it was Von Schomberg (2012, p. 9) who defined RRI most clearly
and today it is one of the most widely used administrative (Burget et al.,
2017) definitions, which is "A transparent, interactive process by which
societal actors and innovators become mutually responsive to each other with
a view to the (ethical) acceptability, sustainability and societal desirability of
the innovation process and its marketable products (in order to allow a proper
embedding of scientific and technological advances in our society).” (see
Table 1). It is in this process that RRI, which from the beginning was a public
policy discourse, has remained necessary not only for a future sustainable
growth scenario but also for meeting the needs of the different stakeholders,
and society.
In the same way, RI (the term used in this research2) refers to a new approach
to innovation governance that emphasizes the common and recurrent logic of
sustainable development, adjusted to the needs of society (Owen et al., 2012)
with, a strong sense of individual and collective responsibility in the actors
of the innovation system and which is inherent to democratic life - democracy
understood in terms of participation and representativeness -, i.e. innovation
governance in line with moral, democratic principles, standards, and the
political function directed towards concrete results (Van Oudheusden, 2014).
This is in line with the definition of RI proposed by Stilgoe et al. (2013)
which refers to "taking care of the future through the collective management
of science and innovation in the present" (see Table 1 for more definitions).
Based on this argument, the question arises as what is innovation
governance? The governance of innovation refers to changes in policies,
2

The term RI is used in this dissertation and RRI is used explicitly when the authors quote it in
this way.
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laws, and regulations; the development of business and organizational
strategies by the main companies involved in the development of
innovations; the development of negotiation mechanisms and other
decisions, i.e. a response to the results of innovative activity, while mitigating
the worst social and environmental outcomes so that research and creative
entrepreneurship can be encouraged with the best results (Foster and Heeks,
2013; Valdivia and Guston, 2015; Van Oudheusden, 2014). This argument
has led to the recognition of RI as a relevant approach to innovation
governance (Guston, 2014; Owen et al., 2012; Stilgoe et al., 2013). However,
to take responsibility for the future to which RI invites us, some kind of action
is required in the present that responds to the duality of innovation outcomes.
While in the fundamental theory and central motivations there is an important
development of literature (Bessant, 2013; Owen et al., 2012; Stilgoe et al.,
2013; Von Schomberg, 2013, 2012). In practice, RI is still in its infancy (de
Poel et al., 2017; Gonzales-Gemio et al., 2020; Ribeiro et al., 2018) because
most academic and also business actors are not fully aware of what RI
specifically refers to or whether it is just "old wine in a new bottle" (as quoted
in Marschalek et al., 2017, p. 308). The truth is that responsibility is not a
new concept in companies because, while many have been adopting for
example practices related to CSR, sustainable innovation, social
responsibility, responsible business practice, among other 56 different
alternative terms to CSR (CSR is an umbrella term used in this research) in
SMEs (Ortiz-Avram et al., 2018). RI goes further, is more specific, and refers
to the early stages of technology development, to the early inclusion of
stakeholders in the innovation process. However, who and what drives
business change and legitimizes RI? According to the authors, although the
latter is a real challenge, there are some indications that RI could be promoted
by CSR which is part of the language in companies (a relationship that we
will deal with in the following section). Consequently, it seems that CSR, in
addition to being adopted due to its sustainability-oriented framework,
reinforces the potential to promote responsible innovation within companies.
Aspects that are developed throughout this research.

1.3.

The relationship between CSR and RI

The authors have shown, with a plethora of studies related to CSR activities
and the multitude of similar terms to refer to it, that companies engage in
CSR activities mainly because they are associated with internal or external
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benefits or both, also, because of their capacity to promote innovation. In the
same vein, the European Union Competitiveness Report 2008 (ECR, 2008)
argues that there are three main ways in which CSR can contribute to
innovation capacity and performance, which are: (a) innovation resulting
from collaboration with other stakeholders; (b) identification of business
opportunities through the solution of social problems; and (c) creation of
more innovation-friendly workplaces. Then, it seems that CSR could not only
promote innovation but also encourage stakeholder engagement, which is
essential for responsible innovation. Because, consideration of individual
stakeholders alone is not sufficient to explain the environment in which a
company operates, but rather "jointly" with other stakeholders (Tang and
Tang, 2018). Therefore, CSR practices seem to act as drivers of responsible
innovation through stakeholder engagement. This previous assumption,
which will be investigated in this thesis, is in line with previous research
suggesting that RI encompasses aspirations and processes related to
corporate responsibility (Van Oudheusden, 2014) and, both economic
incentives and corporate culture change are the mechanisms to promote RI
in industry and, CSR combines both (Valdivia and Guston, 2015). Then, let’s
review the concepts, on the one hand, according the European Commission's
Green Paper, CSR is a concept whereby companies integrate social and
environmental concerns in their business operations and in their interaction
with stakeholders voluntarily (European Commission, 2001). From this
definition we learn that: 1) there are some concerns with society (social and
environmental) identified by companies and related to their operations and;
2) the need to involve listening to stakeholders is also identified, but; 3) their
treatment is voluntary. Thus, while the concept of CSR explicitly or
implicitly defines a problem and a moral need, its clear recommendation of
voluntary treatment has made CSR informal, philanthropic (de Poel et al.,
2017), with a scope that varies (Perrini et al., 2007) from company to
company, from country to country, or from the term related to CSR that is
used (e.g. Social Responsibility, Responsible Business Practice, Responsible
Entrepreneurship among other different terms alternative to CSR in SMEs)
and, in many cases, although they are ideas with great potential in favor of
the environment, they are small in terms of the totality of what innovation
represents. Therefore, CSR does not emerge as a deliberate policy (Preuss
and Perschke, 2010). While RI, as explained in previous sections, emerges
as a new approach to innovation governance that emphasizes the common
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and recurrent logic of sustainable development, adjusted to the needs of
society (Owen et al., 2012) with, a strong sense of individual and collective
responsibility in the actors of the innovation system. From the definitions of
RI (see Table 1) we can also find in common that a problem, a moral need,
and a treatment recommendation, which are identified according to Van
Oudheusden (2014) as: 1) Problem definition: Science and technology fail
when they are not in line with society's values; 2) Moral assessment: Society's
needs and values need to be heard and; 3) Recommendation for treatment:
The scientific, political and industrial communities should seek society's
opinion by listening to what it has to say about scientific and technological
innovations. In that sense, RI refers to the early stages of technology
development, in the context of enterprise, this means a design space that
allows the early inclusion of stakeholders in the innovation process in order
to ensure responsible results (Silva et al., 2019). Whereas in CSR
stakeholders are included at a late stage of the innovation process, i.e. at the
final innovation stage, when the product or service is already on the market,
which allows for some adaptation of solutions, but of a limited nature. On the
other hand, we can see what happens in terms of results. Despite indications
that CSR practices seem to act as drivers of responsible innovation, empirical
evidence is still scarce and leaves little to be desired in terms of
implementation, which means how? and who? Therefore, and as described in
previous sections of this thesis, we will investigate "how" CSR practices
relate to "responsible innovation" (rather than innovation in general) and its
effect on performance-sustainability in SMEs. Furthermore, we will explore
"who" are the stakeholders collaborating in innovation because, in the RI
discussion, it is stressed that the selection of stakeholders refers to who will
contribute, but also who will be affected.

1.4.

Theoretical framework

In this section, firstly 3D printing adoption is analysed in the context of SMEs
and its potential relationship with sustainable development. Then, the
relationship between CSR and RI for a conceptual model; and the
relationship between CSR toward stakeholders and RI and financial
performance in SMEs are also analysed.
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1.4.1. Potential value of 3D printing
3D printing has gained ground in many industries around the world
(Arvanitis and Hollenstein, 2001; Rayna and Striukova, 2016). In light of the
current potential advantage, from the simple manufacturing of toys and gifts,
to more complex high value-added manufacturing applications in the
biomedical, automotive and aerospace sectors, among others. SMEs have
adopted 3DP to achieve competitiveness (Rahardjo and Yahya, 2010).
However, companies are still struggling to adopt it (Yeh and Chen, 2018),
owing to the strategic, operational and organizational challenges (Martinsuo
et al., 2018) that are often complex for large firms, but appear to be greater
for SMEs with fewer resources (Rahardjo and Yahya, 2010), one of which is
the limited/lack of knowledge and skills that are crucial for successful
implementation (Saberi et al., 2010). Additive manufacturing (AM) also
known as 3D printing (the term used in this research) is defined as the process
of joining materials to manufacture objects from 3D model data, usually layer
upon layer, as opposed to subtractive manufacturing methods (ASTM, 2012,
p. 2).
3D printing was invented more than 50 years ago. However, at that time it
was far from the technology it is today, with such potential for innovation
that it has been described as "the elephant in the room" (Hornick, 2015). The
fruit of human creativity, it changes the way a company can produce almost
anything, and the only limit is one's own imagination. Today, 3D printing is
present in anything from the simplest to the most complex applications, and
in the biomedical, automotive, aerospace, fashion, jewellery, food, toys, and
many other sectors. It has undergone enormous growth in the last five years.
This increase is in line with the research firm Gartner’s prediction that by
2023 households will have fully adopted 3D printing. However, while in
2020 the compound annual growth rate represented around 98.5% (Basiliere,
2016), and experts now estimate a growth of 50% until 2027. In fact, several
studies have shown that 3DP will be one of the most revolutionary
technologies of the near future, with it expected to have a significant,
profound effect on the industrial world (Pretorius, Steenhuis, and Pretorius
2016; Khorram Niaki & Nonino 2017; Rayna and Striukova 2016; Rifkin
2015). In addition to having an effect on industry, including micro, small and
medium sized enterprises, 3D printing could contribute to their long-term
sustainability. But why would 3D printing have such a capability? Because
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it primarily has the potential to democratize manufacturing and could
contribute to the United Nations' Sustainable Development Goals (SDGs),
which will be explored below.
Democratization of manufacturing, 3D printing breaking the barriers on
entry to the market niches (Hornick, 2015) because, it has the potential to
enable that small and medium sized enterprises and anyone can make almost
anything that is the result of human creativity and, getting more for less
(Prabhu & Jain, 2015). 3D printing could become akin to a "Swiss Army
Knife" (Birtchnell and Hoyle, 2014) because of its capabilities for remote
printing of products and on multi-plastic materials or sintering/fusing metals
by laser/electronic radiation that enables the construction of truly innovative
products. Lighter weight products that retain their quality are a unique feature
in the aerospace, medical, automotive and other sectors for their ease of use
and energy savings. 3D printing offers personal control, which implies
customization (Birtchnell and Hoyle, 2014), also the integration of customers
into the manufacturer's supply chain, which could be a solution for
disconnected supply chains or product lead time. It could help to build a
bridge between the production process and the person, which means the
digital reunification of the workforce (Birtchnell and Hoyle, 2014).
Furthermore, it could reach collapsed markets and/or poverty groups
neglected by globalization (Birtchnell and Hoyle, 2014). Customers may
become competitors, manufacturing the products they previously bought. 3D
printing is still far from being controlled, which is controversial because of
intellectual property issues. It is an example of what industries could achieve
in this century with such frequent radical and qualitative changes. The
Economist predicts that this new approach to manufacturing will lead to a
third industrial revolution (The Economist, 2012).
The dynamic evolution of 3D printing is evident in many industrial sectors.
At first, product designers only used this technology for rapid prototyping3
to create functional and conceptual models. The second evolutionary phase
included its capacity to produce end-usable products, while the third phase
now involves end-consumers using 3D printers in a similar way to desktop
3

Rapid Prototyping means the production of prototypes, visual design aids, touch, feel, fit
and assembly test parts, etc., that are used in the product development phase and are not
meant to be equivalent to real production parts at all levels (Kruth et al., 2007).
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printers. Thus, 3D printing adoption by SMEs, which will be studied in
the second chapter, seems to be closely related to such benefits as a high
level of customization, flexibility, logistic management possibilities and
cost saving potential (Mellor et al., 2014) with the ultimate objective of
reaching corporate sustainability.
3D Printing and its relationship to the UN SDGs, whereby innovation and
technology together have changed and are changing the lives of many people
and businesses around the world. The results of these practices have also been
the exclusion of four billion of the world's population, which includes low
income groups (Agola and Hunter, 2016), and those at the Base of the
Pyramid (BoP) (Papaioannou, 2018). The term BoP, which was first used by
Franklin Roosevelt in 1932, refers to the inclusion of underserved lowincome groups in economic development, and who can become BoP
innovators with opportunities to survive through the drive not only of
technology, but of the ways in which they can harness it4, which in the case
of Bolivia5 involves micro and small enterprises being formed in small local
communities with natural resources managed on a shared basis for their use,
care, and sustainability (Ostrom, 2000). In that line, 3D printing could
become a useful tool for boosting sustainable socioeconomic development
(3D4D), in the same way that information and communication technologies
do for development6 (ICT4D), which means qualitative contributions from
the bottom up to the development of the SDGs from 2016 onwards, taking
into account the fact that Bolivia only achieved 3 out of 23 targets of the
Millennium Development Goals (MDGs) (2000-2015) described in eight key
areas such as 1) eradicate extreme poverty and hunger, 2) achieve universal
primary education, 3) promote gender equality and empower women, 4)
4

In 2016, the Inter-American Commission on Human Rights adopted its American
Declaration on the Rights of Indigenous Peoples which, in addition to expressing its
adherence to the fundamental documents of the United Nations in this area, includes Article
26 to guarantee the right of indigenous peoples in isolation and in initial contact to remain
in that condition and to live freely and according to their cultures.
5
Bolivia legitimately recognizes 34 indigenous native peasant peoples of the East, Chaco
and Bolivian Amazon, 12.9% of whom live in extreme poverty and 37.2% in poverty
(National Institute of Statistics [INE], 2019). Furthermore, it is a developing country where
the informal sector is the most predominant in the region at approximately 80%, i.e. 7 out
of 10 employees are in the informal sector, (INE, 2017).
6
ICT4D is defined as combining ICT Scope and Development Scope "the application of
any entity that processes or communicates digital data in order to deliver some part of the
international development agenda in a developing country" (Heeks, 2017).
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reduce child mortality, 5) improve maternal health, 6) combat HIV/AIDS,
malaria and other major diseases, 7) ensure environmental sustainability, and
8) develop a global partnership for development (United Nations for Bolivia).
From the adoption standpoint, once the decision is made to use a technology
- in this case 3D printing - it must be adopted and implemented. According
to Tornatzky et al. (1990) implementation is an action and synonymous with
utilisation (Scheirer, 1983). Voss (1988) states that an adoption and
implementation process must be reinvented with each new technology. In the
case of 3D printing, the application is currently in the early stages. Since most
studies have focused on large companies or a combination of large and small
companies (Deradjat and Minshall, 2017; Schniederjans, 2017; Yeh and
Chen, 2018), especially from the adoption and implementation perspective,
it is not surprising that only a handful of researchers have studied the
adoption of 3D printing in a small and medium sized enterprises context.
Thus, to identify the factors that influence the adoption and implementation
process, the first specific objective is as follows:
Strategic objective 1: To analyse empirically the factors affecting the
adoption of 3D printing in small and medium-sized enterprises.
1.4.2. Responsible innovation for a Conceptual Model
RRI which first appeared in the Sixth Framework Programme (EU
Regulation No 1291/2013) arose in discourses on emerging technologies7
and research ethics in controversial and innovative fields, such as
nanotechnologies or geo-engineering (Owen et al., 2012). RRI has been a
topical issue since the beginning of the last decade, but it was not until 2011
that it began to become significantly relevant and visible thanks to framework
programmes such as "Horizon 2020" and "FP7" promoted and encouraged
by the European Commission. However, the integration of responsible
7

Rotolo et al. (2015) defined emerging technologies as: a relatively fast growing and
radically new technology characterized by a certain degree of coherence that persists over
time and that can have a considerable impact on the socio-economic field(s) observed in
terms of the composition of actors, institutions and patterns of interaction between them,
together with the associated knowledge production processes. However, its most prominent
impact is in the future and, therefore, in the emergence phase it is still somewhat uncertain
and ambiguous. Five attributes of emerging technologies were identified: (i) radical
novelty, (ii) relatively rapid growth, (iii) coherence, (iv) salient impact and (v) uncertainty
and ambiguity.
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innovation –the term to be used in this dissertation- in companies is still in
its infancy and is greater when it comes to small and medium-sized
enterprises. In fact, the theoretical concept of responsible research and
innovation is questioned by its rapidly evolving concept, with not enough
translation into practice (Owen et al., 2012).
Also, very little research has been done, the vast majority of which is articles
focused on political issues. In fact, there are still gaps in the literature
regarding a practical understanding of the influence of responsible innovation
on social values and organisational capacities (Pandza and Ellwood, 2013).
Such an understanding is crucial because, with awareness growing among
businesses, researchers and governments of recurrent activities to “innovate
with and for society”, the concept of "responsible innovation" together with
its dimensions as essential parts of that goal, have been included in the
literature.
Based on the above, we then start from the term “innovation”. Innovation is
change, a new or improved product, service or business model (OECD,
2005), a process of creating ideas ,or a simple improvement, doing what we
do, but better and which can be disruptive or incremental (Halme and
Korpela, 2014). Thus, the role of innovation is defined as the successful
exploitation of new ideas (DIT, 1998), with a spectrum of increasing novelty
that brings various benefits as well as risks. The study by Ribeiro et al. (2017)
highlights how innovation could fail when ethical and social issues inherent
in the process itself are not considered. In this regard, a key dimension when
exploring innovation is the concept of "responsibility". The most relevant
definitions found in literature review, which have been classified as
administrative and academic following the study by Burget et al. (2017) are
summarised in Table 1. The term responsible innovation will be used in this
research.
Table 1: Responsible innovation literature reviews

Reference
Findings related to responsible innovation
Administrative definitions
(Von
“A transparent, interactive process by which societal actors and
Schomberg,
innovators become mutually responsive to each other with a view to
2012, p. 9)
the (ethical) acceptability, sustainability and societal desirability of
the innovation process and its marketable products (in order to allow
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a proper embedding of scientiﬁc and technological advances in our
society).”
(European
Responsible research and innovation refers to the comprehensive
Commission,
approach of proceeding in research and innovation in ways that allow
2003)
all stakeholders that are involved in the processes of research and
innovation at an early stage (A) to obtain relevant knowledge on the
consequences of the outcomes of their actions and on the range of
options open to them and (B) to effectively evaluate both outcomes
and options in terms of societal needs and moral values and (C) to
use these considerations (under A and B) as functional requirements
for design and development of new research, products and services.
Academic definitions
(Stilgoe et al., “Responsible innovation means taking care of the future through
2013, p. 1570)
collective stewardship of science and innovation in the present.”
(Halme
and Responsible innovation refers to a new or signiﬁcantly improved
Korpela, 2014, product, service or business model whose implementation at the
p. 548)
market solves or alleviates an environmental or a social problem.
(Stahl, 2013, p. “RRI is a higher level responsibility or meta-responsibility that aims
712)
to shape, maintain, develop, coordinate and align existing and novel
research and innovation-related processes, actors and responsibilities
with a view to ensuring desirable and acceptable research outcomes.”
(Spruit et al., “by a shift from assessing the desirability of the outcome of
2016, p. 2)
innovation processes, such as evaluating harmful product outcomes
in court under liability law, to assessing the qualities of the
innovation process.”
(Wilford, 2016, “RRI creates a step-change in the way that those who are engaged in
p. 348)
research and innovation should consider the impact of what they do.”
(Pandza
and “Responsible innovation becomes what Hoffman (1999) calls an
Ellwood, 2013, issue around which members of technological ﬁelds (Carlsson et al.,
p. 1112)
2002) coalesce, because of its importance to the interests and
objectives of speciﬁc organizations.”
Source: Own elaboration.

The definitions of responsible innovation emphasize a common recurrent
rationale of "sustainable development8", adjusted to the "needs of society",
i.e. close collaboration and active involvement with various and different
stakeholders (Owen et al., 2012). The Von Schomberg (2012) definition,
which is one of the most widely used, shows that innovation is a process of
8

The United Nations World Commission on Environment and Development conference
described sustainable development as "development that meets the needs of the present
generation without compromising the ability of future generations to meet their own
needs." (World Commission on Environment and Development, 1987, p. 6).
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co-responsibility for ethical acceptability, social coexistence, and the
construction of holistic sustainability. However, very similar approaches can
be found in companies’ "corporate social responsibility" or "sustainable
innovation" strategies. In this regard, the study by Valdivia and Guston
(2015) stated that there is an important relationship between corporate social
responsibility and its potential to promote responsible innovation in industry,
which refers to two main routes: economic benefits and change of culture in
the company, both of which are to a greater or lesser extent reflected and
combined in these corporate social responsibility strategies. However, while
these CSR and SI strategies are drivers of responsible innovation, according
to the study by de Poel et al. (2017) they must shift from a conservative,
philanthropic, and defensive way of addressing social, environmental and
ethical issues towards a progressive way of "doing good". Then, the question
arises as to how this specificity of "doing good" is to be achieved in SMEs.
On the other hand, the term CSR is used alternatively in the literature, which
makes it difficult to consolidate e.g. Social Responsibility (Lepoutre and
Heene, 2006), Responsible Business Practice (Jenkins, 2006), Responsible
Entrepreneurship (Fuller and Tian, 2006) among others 56 different terms
alternatives to “CSR” in SMEs (Ortiz-Avram et al., 2018). Therefore,
although the term CSR cannot be said to have a unified meaning across
literature, CSR is an umbrella term encompassing those sub-terms.
Consequently, the dissertation supports Ortiz-Avram et al. (2018) argument
and CSR term is used.
Moreover, the study by Ortiz-Avram et al. (2018) grouped the terms used for
CSR in the literature into four topics: 1) ethical values and social
connections/relationships of the entrepreneur or owner-manager, 2)
relevance of business context and long-term performance, 3) importance of
formal processes for CSR integration, and 4) political issues of relevance to
CSR. Additionally, we identify a discretionary and silent approach by SMEs
to CSR. For example, the study by Baumann-Pauly et al (2013) found that
SMEs involved in CSR activities limit external communication and
reporting, unlike large companies. Furthermore, according to the study by
Lee et al (2016), such a limitation would be related to a lack of resources and
managerial capacity among SMEs. On the other hand, the study by Bansal
and Roth (2000) found that factors that motivate companies to respond
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ecologically are influenced by conditions such as individual concern, which
responds to values and principles proposed gradually and inspired by a mix
of personal and cultural motivations of founders and senior managers of
SMEs, meaning that according to Jenkins (2004) "unknowingly they are
responsible". This can also be illustrated by the informal, altruistic and
philanthropic nature of these discretionary personal values (Perrini et al.,
2007; Jamali et al., 2009; Preuss and Perschke, 2010; Jamaliet al., 2009; Lee
et al., 2016). Based on this argument, which is a fragmented field of CSR that
is difficult to consolidate, we found common points in SMEs such as: the
objective they pursue, which is none other than to ensure business
responsibility based on the interests and needs of stakeholders. Therefore,
CSR could foster responsible behaviour towards stakeholders (Perrini et al.,
2007), and can be defined as "actions that appear to promote some social
good, beyond the interests of the company and what is required by law"
(McWilliams and Siegel, 2000, pag. 117). Thus, as we explained earlier CSR
is a strategy that seems to foster "responsible innovation" as well if (and only
if) SMEs act proactively rather than reactively. Similarly, sustainable
innovations, which are additional strategies that seek ethical business
behaviour, can be defined as innovations in which the renewal or
improvement of products, services, technologies or organisational processes
not only lead to better economic performance, but also generate better
environmental and social performance, both in the short and in the long term
(Bos-Brouwers, 2010), thus boosting responsible innovation.
Thus, following Porter and Kramer' s statement that "corporate social
responsibility can be much more than a cost, a constraint or an act of charity:
it can be a source of opportunity, innovation and competitive advantage"
(Porter and Kramer, 2006, p. 3), we formulate our next strategic objective:
Specific Objective 2: To develop a conceptual model of responsible
innovation, considering the relationship between CSR/SI practices
and firm performance.
1.4.3. Responsible innovation and firm performance in SMEs
The efficiency of responsible innovation in a company depends on it having
a strategy that seeks both value to society and economic benefits; the former
is related to the debate over stakeholder engagement, which emphasizes who
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will contribute, but also who will be affected because when stakeholders
understand the objectives for observing RI principles they can commit to
achieving them (Chatfield et al., 2017). The latter is related to strategies
linked to responsible innovation, such as corporate social responsibility
practices, which lead to the creation of economic value when they address
the most important stakeholders (Hammann et al., 2009). For example, some
authors measured performance by looking at indicators ranging from
quantitative performance indicators (e.g. ROA, productivity, sales growth,
market share, etc.) to qualitative indicators (e.g. customer satisfaction, brand
image and corporate reputation, employee motivation, etc.) and from
different fields of innovation, such as from empirical work and literature
reviews. Authors who measured the relationship between CSR and firm
performance revealed both a positive causal relationship and a positive but
weak relationship. For example, the study by Reverte et al (2016) revealed
that practices have a direct, positive and significant effect on both innovation
and organisational performance, covering financial and non-financial
indicators. Similarly, Torugsa et al (2012) found that specified capabilities
(such as shared vision, stakeholder management and proactivity) share a
positive association with proactive CSR, which in turn improves financial
performance. Aragón-Correa et al. (2008) found a significantly positive
relationship between proactive social responsibility related to environmental
and financial performance by SMEs. The study by Hammann et al (2009)
found that social responsibility practices towards employees, customers and,
to a lesser extent, society, have a positive impact on the company and its
performance.
Previous research also showed a positive but weak relationship between
social responsibility activities and financial performance. For example, the
study by Jain et al. (2016) found a significant but weak positive relationship
between social responsibility and financial performance through the
stakeholder approach in SMEs, which is similar to the findings by Orlitzky
et al (2003).
Besides fostering firm performance, RI should also pursue environmental
sustainability, social sustainability, diversity and inclusion, anticipation and
reflection as RI performance indicators, which are less frequent, but which
previous research has also considered (see Table 2). For example, diversity
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and inclusion positively improve employee performance, satisfaction and
commitment, as well as contributing to firm performance (Sancho et al.,
2018). The study by Khan et al (2020) revealed that managing the
relationship with key stakeholders (employees, environment, community,
suppliers, and customers) has a significant positive influence on sustainable
competition and business performance. Similarly, the study by Choongo
(2017) found that while social and environmental dimensions have a
significant impact on financial performance, performance measures related
to corporate reputation and employee engagement were partially significant
because employee engagement can be negatively affected when there is no
investment in their training and development. Moreover, the study by
Ratnawati et al. (2018) revealed that social responsibility activities have a
significant effect on learning orientation, innovation and performance in
SMEs. In the same vein, the study by Burlea-Schiopoiu and Mihai (2019)
found that employee training, innovation and social responsibility practices
are significant and correlated factors in promoting competitive advantage in
SMEs.
To summarise, Table 2 shows performance indicators identified in the
literature that promote RI in SMEs.
Table 2. Performance Indicators in SMEs

Reference
Reverte et al. (2016)
Torugsa et al. (2012)
Aragón-Correa et al. (2008)
Hammann et al. (2009)
Jain et al. (2016)
Orlitzky et al. (2003)
Sancho et al. (2018)
Khan et al. (2020)
Choongo (2017)
Ratnawati et al. (2018)
Burlea-Schiopoiu and Mihai (2019)

Reference to performance
CSR -> FP* ++
CSR -> FP*** +
CSR -> FP*** ++
CSR -> FP* +
CSR -> FP** +CSR -> FP +CSR -> FP* +
CSR -> FP*** ++
CSR -> FP** ++
CSR -> FP*** ++
CSR -> FP* ++

CSR: Corporate social responsibility; FP: Financial Performance
*** p <= 0.001; ** p <=0.05; * p < 0.01
+ Positive effect; ++ Positive and significant effect; +- Positive but not significant

Source: Own elaboration.

17

Responsible innovation appears to moderate the relationship between CSR
and SME performance. Furthermore, responsible innovation plays an
interesting role in the relationship between corporate social responsibility
practices and performance by SMEs. Valdivia and Guston (2015) consider
the main drivers for promoting responsible innovation in industry to be
economic incentives and change in business culture, both of which are
included to a greater or lesser extent in the corporate social responsibility
strategy and which are connected in a causal and long-term way with
performance (Freeman, 2010). However, there is very little empirical
evidence on this issue (de Poel et al., 2017; Hadj, 2020). Thus, the third
specific objective is formulated as follows:
Strategic objective 3: To understand empirically the relationship
between corporate social responsibility towards stakeholders,
responsible innovation and financial performance in SMEs in Bolivia.

1.5. Research overview
The aim of this dissertation is to understand the adoption of a technology 3D printing- and responsible innovation in order to pursue sustainability
among SMEs. Therefore, this dissertation proposes three different analyses.
The first empirical study explores the key factors that determine the adoption
of 3DP technology by different types of SMEs. Based on the Technology –
Organization – Environment framework. The second study deals with a
systematic literature review to develop a conceptual model for RI and its
relationship with firm performance. The last one empirical study focuses on
explore whether CSR practices towards stakeholders - customers, employees,
community, and environment - promote RI and financial performance (FP).
For clarifying the dissertation approach, Figure 1 shows the linkage of the
three studies to pursue sustainable development in SMEs. The authors
attributed such sustainable development, also known as corporate
sustainability (Johnson and Schaltegger, 2016), to the need to operate in a
responsible manner to take care the resources that companies use and the
resulting footprint they leave behind (Prashar and others, 2020).
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Figure 1. Dissertation research sequential design
Source: Own elaboration.

1.6. Original articles
This thesis is based on the following articles presented to peer-reviewed
journals, as part of the contributions derived from it:
1. 'An empirical analysis of factors affecting the adoption of 3D printing
in Small and medium-sized enterprises (SMEs)', (under review).
2. 'Responsible innovation in SMEs: A systematic literature review for a
conceptual model', (Sustainability, 2020. This article belongs to the
Special Issue Responsible Innovation for a Sustainable Future).
3. 'Corporate social responsibility practices associated with the spread of
responsible innovation among SMEs', (under review).
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Chapter 2. An empirical analysis of
factors affecting the adoption of 3DP in
SMEs
The adoption of 3D printing technology fosters sustainable competitive innovation.
The adoption of 3D printing technology in SMEs helps them to compete and survive in the
business world.
The adoption of 3D printing technology in SMEs occurs in a sphere where the state of
maturity to adopt or not adopt is decisive for moving from functional prototyping to endproducts.

Abstract
In order to survive in a global and highly competitive environment, SMEs
seek to achieve corporate sustainability through technological innovations.
In this sense, 3D printing seems to be a suitable technology for achieving a
sustainable competitive advantage all along the production chain due to its
variety of applications offering customization and intimacy between
production and consumer. The aim of this chapter is to explore the key factors
that determine the adoption of such technology by different types of SMEs.
Based on the Technology – Organization – Environment framework, the
findings of this research suggest that factors such as relative advantage,
integration, readiness, managerial obstacles, and in turn, external
collaboration foster the adoption of 3D printing in SMEs. This research
contributes to the literature on the adoption of 3D printing technology in
SMEs, by filling an important gap left by previous research.
Keywords: 3D printing; Additive Manufacturing; Technology adoption;
Small and medium-sized enterprises
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2.1. Introduction
3D printing (3DP) is gaining territory in many industries worldwide
(Arvanitis and Hollenstein, 2001; Rayna and Striukova, 2016). In light of the
potential competitive advantage, SMEs have adopted 3DP to improve
efﬁciency and achieve competitive success (Rahardjo and Yahya, 2010).
However, companies are still struggling to adopt 3DP (Yeh and Chen, 2018)
due to the existence of so many strategic, operational and organizational
challenges (Martinsuo et al., 2018). Indeed, 3DP also runs into other issues
when adopted by SMEs, and which are addressed in the remainder of this
paper by focusing on the adoption process. To this end, SMEs are required
to understand how they should move from not having the innovation to
having it, which means overcoming barriers in the adoption process, and
hence implementing 3D printing more effectively (Mellor, et al., 2014;
Tornatzky et al., 1990).
Once a decision is made to innovate, it must be adopted and implemented.
As Tornatzky et al. (1990) discussed, that adoption of an innovation refers to
the point when a firm defines a problem to be solved, searches for solutions
and makes a choice. Voss (1988) identified that the process of adopting
innovations is their implementation, and that the implementation process
should be reinvented with each new technology. In that sense, 3D printing is
currently at the early stages of its adoption (Schniederjans, 2017; Yeh and
Chen, 2018). Since most studies have focused on large enterprises (Deradjat
& Minshall, 2017; Mellor et al., 2014; Schniederjans, 2017; Yeh & Chen,
2018), especially from the perspective of adoption and implementation, it is
thus not surprising that only a handful of researchers have investigated
SMEs. Therefore, in order to strengthen this area of research, this paper
presents a comprehensive analysis of the factors that influence the adoption
and implementation of 3D printing by different types of SMEs, considering
that both the adoption of a new technology and the size of a company require
different considerations that embrace different ideas. The former is related to
a complex process that presents significant challenges for companies (Yeh
and Chen, 2018). The latter is related to company size, and the many
differences between small and large firms.
The disparities between SMEs and large companies are wide and varied.
Marri, Gunasekaran and Sohag (2007) argued that since SMEs have less
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complex organizational structures, this could facilitate the implementation
process. They also have a greater ability to produce change, which is
positively associated with the level of confidence (Voss et al., 1998).
However, SMEs have fewer resources (Rahardjo and Yahya, 2010), with one
of these being the limited/lack of knowledge and skills that are crucial for
successful implementation (Saberi at el. 2010). Also, SMEs still struggle to
integrate 3D printing into their production lines (Yeh and Chen, 2018). As a
result, more effort is often required to implement 3DP within current
management practices. Consequently, the ways in which 3D printing is
adopted by SMEs — rather than adopted in general — remains a major
research gap (Deradjat and Minshall, 2017; Despeisse et al., 2017; Mellor et
al., 2014; Schniederjans, 2017) that will be explored in this study.
While 3D printing technology is still not widely used by manufacturing
industries (Yeh and Chen, 2018), its understanding is particularly poor with
regard to SMEs (Martinsuo et al., 2018). Despite the substantial literature on
the adoption process, the empirical evidence has focused on large enterprises
or a combination of large and small enterprises (Deradjat & Minshall, 2017;
Schniederjans, 2017; Yeh & Chen, 2018). For example, Mellor et al. (2014)
found that six factors should be considered regarding the implementation of
3DP; although this study considers that framework should be tested further
in different industries. Deradjat and Minshall (2017) observed a positive
impact of 3DP implementation on the maturity stage of technology but the
effects varied significantly across theories valid for large companies to
smaller ones. Khorram Niaki and Nonino (2017a) also found positive and
direct effects of 3DP implementation on competitiveness when time and
company size are considered. The most recent study by Martinsuo et al.
(2018), for example, shows that SMEs face different challenges when
adopting 3D printing depending on supply chain positions, which can be
summarized with socio-technical factors using Mellor et al.’s (2014) study
on implementation of additive manufacturing (AM). Studies showed that
most determining factors of the adoption of 3D printing factors from past
research can be summarized as three: technological, organizational, and
environmental factors (Darbanhosseiniamirkhiz and Wan Ismail, 2012).
These are consistent with the Technology – Organization – Environment
(TOE) framework proposed by Tornatzky et al. (1990). TOE has been
acknowledged as a relevant theoretical framework as well as a powerful tool
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(Yeh and Chen, 2018) for accomplishing adoption in broader conditions and
for exploring factors of new technology from the perspective of
organizations.
Moreover, TOE is positively related to many studies of the adoption of
various technologies, and which have proposed different factors that might
affect the adoption of technology by SMEs based on past research, such as
technological (e.g. relative advantage, integration), organizational (e.g.
readiness, managerial obstacles) and environmental (e.g. competitive
pressure, external collaboration, customer requirements) factors. Under this
TOE framework, this research empirically examines the factors that affect
the adoption of 3D printing by SMEs using a sample of companies from
diverse sector backgrounds.
The research is organized as follows. Section 2 reviews and discusses the
related literature. Section 3 describes the research methodology, presents the
conceptual model and the experimental hypothesis on which it is based, and
provides the empirical findings. Section 4 analyses the data to validate the
model and Section 5 concludes with the results.

2.2. Theoretical background and hypotheses
2.2.1. 3D printing
3D printing, also known as additive manufacturing, is defined as the process
of joining materials to make objects from 3D model data, usually layer upon
layer, as opposed to subtractive manufacturing methods (ASTM, 2012, p. 2).
For terminological accuracy, the term 3D printing is used in this study. It was
invented more than 50 years ago. 3DP consists of various technologies and
processes, the most widely used including stereolithography, fused
deposition modelling, and selective laser sintering (Mellor et al., 2014). This
study considers those 3D printing technologies in various categories of use,
such as prototyping, finished goods, mix of prototyping and finished goods,
and so on. However, it could not have been originally foreseen that it would
have so many applications today: from the simple manufacturing of toys and
gifts, to more complex high value-added manufacturing applications in the
biomedical, automotive and aerospace sectors, among others. 3DP has
undergone huge growth in the last five years (Figure 2). While in 2012 the
compound annual growth rate (CAGR) represented around 27.3% (Wohlers
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and Caffrey, 2015), experts now estimate a growth of up to 40% for 2020, so
its use has doubled in less than 10 years and it is now extensively used
worldwide.
3D printing can produce almost anything, the implications of which could
cause major disruption to the manufacturing industry (Berman et al., 2012)
due to the unprecedented access to such a powerful manufacturing tool with
such potential for innovation (Wohlers and Caffrey, 2015). In fact, several
studies have shown that 3DP will be one of the most revolutionary
technologies of the near future, with it expected to have a significant,
profound effect on the industrial world (Pretorius, Steenhuis, and Pretorius
2016; Khorram Niaki & Nonino 2017; Rayna and Striukova 2016; Rifkin
2015). More specifically, the adoption of 3DP by SMEs seems to be closely
related to such benefits as a high level of customization, flexibility,
possibilities for logistics management and potential for cost savings (Mellor
et al., 2014). Although these claims may be exaggerated, 3DP does affect all
parts of the production chain, including design, product development and
manufacturing. Meanwhile, the dynamic evolution of 3DP is evident in many
industrial sectors — Figure 2 shows the three main phases of this (Khorram
Niaki and Nonino, 2017b). At first, product designers only used 3DP
technologies for rapid prototyping9 to create functional and conceptual
models. The second evolutionary phase of 3DP included its capacity to
produce end-usable products, while the third phase now involves end
consumers using 3D printers in a similar way to desktop printers. To
summarize, 3D printing offers personal control, which involves
customization and intimacy between production and consumer (Birtchnell
and Hoyle, 2014).

9 Rapid Prototyping means the production of prototypes, visual design aids, touch, feel, fit
and assembly test parts, etc., that are used in the product development phase and are not
meant to be equivalent to real production parts at all levels (Kruth et al., 2007).
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Today
- Medical applications
- Emerging markets: Bioprintg, Aerospace
flight-critical parts, Space exploration...
- New business models: Open-source and
free resources, new training programs that
offer hands-on learning, experimentation,
creativity, and invention.
- Low-cost LS systems
- Micro stereolithography

2013
OPM received FDA 510(k) approval
for patient specific cranial device

2000
1987
1996
Sanders development
1993
1998
Early AM equipment
Introduction of
Rapid ToolMaker (RTM) machine 2003
and materials Binder jetting process is extrusion process Optemec delivers
Trumpf introduced the first lines
invented and patented by MIT
laser-engineered net (LENS)
of direct metal laser machine

1990

1995

2000

2005

2015

Next generation

1994
2011
1989
1999
2016
- Low-cost personal systems
Foundation Electro EOS commercialized
2002
Fockele& Schwarze introduced
EOSINT M 250
have experienced very strong growth
Orgonovo presented pre-clinical
Optical Systems
1997
first metal laser system Solidscape introduced a
- ASTM approves as the first
data for its 3D bio-printed liver tissue
lower-priced version of machine
AeroMet developed laser AM
2014
non-terminology standard
LM deliver the first
3D-printed electric vehicle

Figure 2. The evolution of 3D printing technology
Source: Own elaboration.

2.2.2. Theoretical framework
Given the strategic importance of 3D printing, its adoption has not been as
expected (Yeh and Chen, 2018), but it seems to be greatest when SMEs are
involved. Most recent studies have shown that critical factors that influence
the adoption of advanced manufacturing technology in SMEs can be
catergorized under three main dimensions: organizational, technological and
environmental context (Darbanhosseiniamirkhiz and Wan Ismail, 2012).
This last argument synthesizes the integrated theoretical framework of
Technology – Organization – Environment (TOE) proposed by Tornatzky et
al. (1990).
The TOE framework emphasizes three aspects: 1) characteristics of the
technological context referring to features of the technological innovations
currently implemented by firms; 2) characteristics of the organizational
context referring to managerial structures and resources available; and 3)
characteristics of the environmental context referring to the external
pressures in which a firm conducts its business. On this basis, some empirical
studies have successfully used the TOE framework to explain the adoption
of different technologies; for example, the adoption of advanced
manufacturing10 (Raymond and Uwizeyemungu, 2007; Yeh and Chen,
2018), adoption of IS innovation (Xu et al. 2005), enterprise resource
planning (Zhu et al., 2010), Internet adoption and use (Xu et al. 2004), and
open systems (Chau and Tam, 1997). The latest study by Yeh & Chen, (2018)
which uses a TOE framework to identify factors for the adoption of 3D
10

Advanced Manufacturing Technologies (AMT) can be described as a group of computerbased technologies (Saberi et al., 2010), including, among others, additive manufacturing
(AM). AM, also known as 3D printing, is an AMT (Arvanitis and Hollenstein, 2001).
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printing, from the production, marketing and R&D division perspectives,
suggested that four factors should be considered: technological,
organizational, environmental and costs. Consequently, under this TOE
framework, this research empirically examines the factors that affect the
adoption of 3D printing in SMEs.
2.2.2.1. Technological context

In the age of global competition, SMEs are continually challenged to increase
their competitive advantage and boost their potential for survival through
innovation. To this end, they implement Advanced Manufacturing
Technologies such as 3D printing in order to improve their efficiency and
achieve competitive success (Rahardjo and Yahya, 2010). However, SMEs
have been slow to adopt new technology, although the problem is not so
much the technology itself (Hayes et al., 1991) as the challenge of applying
it. Along these lines, according to the authors, two factors are considered
highly important within the technological context: both relative advantage
and technology integration seem to influence the use of 3D printing in SMEs.
Mellor et al. (2014) recognized that the relative advantage, i.e. the capacity
that adopters have to recognize the benefits of such a technology over their
current practices, is a crucial factor for moving towards a competitive
business when this is linked to the business strategy. Moreover, previous
authors noted that such potential benefits derived from the use of 3D printing
also seem to be a factor that can affect its adoption by SMEs (Chan et al.,
2012; Mellor et al., 2014; Thomas, 2016; Yeh & Chen, 2018). However, the
relative advantage might also be intrinsically attributed to technology
integration and future applications, which is an argument that requires further
investigation (Gibson et al., 2010). Thus, this indirect relationship may be a
contributory factor to SMEs adopting 3D printing to enhance their traditional
businesses.
According to the authors, the relative benefits derived from the application
of 3D printing could be attributed to efficiency in terms of cost reduction
over traditional manufacturing/prototyping. Research by Atzeni and Salmi
(2012) suggests that 3DP avoids the delays caused by other methods, which
can reduce the time and costs of manufacturing products, and even perform
tasks that are not even possible using traditional methods. 3DP also makes
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production — design, analysis, testing, and manufacturing — more efficient,
offering companies considerable benefits in terms of the end-product and
avoiding the need to invest in other tools. Similarly, 3DP allows a high level
of customization, which not only increases customer satisfaction but also ontime delivery with the potential to save costs in production (Mellor et al.,
2014). It also has the potential to transform the supply chain to produce
different products (H. Steenhuis and Pretorius, 2017). The latter must be
considered beyond the lower inventories, but also in terms of the manufacture
of functional products that can reduce waste and unplanned downtime.
SMEs need to make a greater effort to integrate 3D printing in their existing
systems (Oettmeier and Hofmann, 2016), as it usually leads to improved
profits. This last argument refers to technological integration, i.e. the degree
of interrelation between back-end information systems and their databases
(Zhu et al. 2006). In fact, empirical studies have argued that SMEs are more
likely to adopt new technology given that they are more flexible and have
less complex structures (Belassi and Fadlalla, 1998; Saberi et al., 2010), and
thus have a greater capacity to absorb new knowledge (Voss, 1988). In a
recent study of the critical factors that influence the adoption of 3D printing,
Yeh & Chen (2018) conclude that companies that have integrated 3D printing
in their information systems will be more prone to reap the benefits on a large
scale, particularly if it is integrated with the supply chain (Martinsuo et al.,
2018).
This discussion leads to the following hypotheses:
H1: The relative advantages of technology positively affect the adoption of
3D printing.
H2: Technological integration positively affects the adoption of 3D printing.
H3: Relative advantage has a positive effect on technology integration

2.2.2.2. Organizational Context

Organizational structures with formal and informal processes are a core
factor for implementing 3D printing (Mellor et al., 2014). The previous
empirical research shows that both organizational readiness and managerial
obstacles play a role in facilitating or constraining conditions to utilize new

28

technology. The former is related with sufficient human resources or
infrastructure and the latter is related to challenges concerning organizational
adaptations. To this end, SMEs face the challenge of installing new
technology and receiving benefits from it (Saberi et al., 2010) while avoiding
the problems associated with the management of that technology.
Organizational factors, therefore, seem to influence the intention to adopt
new technology.
During the technology adoption process, SMEs must assess their
organizational readiness i.e. whether or not they have enough technological
resources (Chan et al., 2012). Moreover, previous studies on technology
implementation recognized that companies without the necessary
organizational readiness find it hard to integrate technology (Yeh and Chen,
2018; Zhu et al., 2006). In this line, SMEs that have no or limited expertise
and technical skills (Deradjat and Minshall, 2017; Martinsuo et al., 2018;
Mellor et al., 2014; Thomas et al., 2008) are not aware of the benefits of
advanced technology (as cited in S Saberi et al., 2010 p. 1229) and may need
to collaborate with their external peers (Deradjat and Minshall, 2017). As a
result, only a minority of them can adopt 3D printing, although the
implementation process should not pose a barrier (Martinsuo et al., 2018).
Indeed, according to the authors, it seems that the acquisition of new
knowledge through learning by doing increases the motivational effects in
employees, and may lead to new capabilities related to 3D printing
technology (Fulton and Hon, 2010; Mellor et al., 2014).
Moreover, in order to pursue the adoption of 3D printing, companies should
first change their work practices by re-designing their organizational
structures (Mellor et al., 2014), even though this involves a great deal of
effort, challenges and managerial obstacles. According to a recent study,
managerial obstacles are the most important factor affecting the adoption of
3D printing, even more so than organizational readiness from the production
standpoint (Yeh and Chen 2018). Hence, SMEs with fewer structures have
greater potential to improve attitudes, supervise more effectively, and
generate greater individual responsibility among employees, which supports
the adoption of new technology (Belassi and Fadlalla, 1998; Saberi et al.,
2010). Other managerial obstacles that SMEs have to face include the cost of
investment in 3D printing technology (Hopkinson et al., 2003; Ruffo and
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Hague, 2007), the changes to organizational structures and work practices
that it entails (Mellor et al., 2014; Saberi et al., 2010), and the need for
leadership to support its successful implementation (Rahardjo and Yahya,
2010), and these factors seem to be a barrier to the successful adoption of 3D
printing by SMEs.
This discussion leads to the following hypotheses:
H4: Organizational readiness positively affects the adoption of 3D printing.
H5: Managerial obstacles negatively affect the adoption of 3D printing.
H6: Organizational readiness has a positive effect on technology integration
H7: Managerial obstacles have a negative effect on organizational readiness

2.2.2.3. Environmental context

The environmental context exerts an internal influence on the company that
can encourage the use of new technologies and seems to affect their adoption.
This dimension is analyzed in terms of customer requirements, external
collaboration, and competitive pressure. Nowadays, customers have greater
expectations in terms of high quality products, lower costs, reliable
production, and more flexible services (Rahardjo and Yahya, 2010). There is
also a greater requirement for customization, i.e. creation and delivery of
products according to customer requirements, which seems to positively
influence customers satisfaction (Deradjat and Minshall, 2017). This means
that companies — including SMEs — need to improve their current
manufacturing technology, and one such choice has been to adopt 3D
printing (Rahardjo and Yahya, 2010) because its allows them to improve
their manufacturing process (Khorram Niaki and Nonino, 2017b; Mellor et
al., 2014). Thus, it seems that customer requirements influence the adoption
of technology.
From the external collaboration standpoint, Tobiassen and Pettersen (2018)
suggested that, in order to improve the innovation process and reduce the risk
when new technology is adopted, SMEs should consider collaborating with
external partners, such as business partners, customers, suppliers and
academic research institutions, because these seem to have the potential to
create new ways to do so (Martinsuo et al., 2018). On this basis, SMEs with

30

few resources might expand their technological opportunities and may
benefit greatly if they collaborate with their peers during the early stages
(Deradjat and Minshall, 2017), since recommendations from other parties
involved in the same business has been found to play a significant role in the
way companies adopt 3D printing technology (Martinsuo et al., 2018).
Although SMEs can benefit from increased collaboration with their external
partners, most of them tend to be somewhat reluctant to do so, because such
partnerships can be challenging for SMEs with limited resources (as cited in
Tobiassen & Pettersen, 2018, p. 67).
Competitive pressure refers to the positive influence of competition, and has
been identified as a motivating factor behind the adoption of new
technologies (Thong and Yap, 1995) in order to penetrate the market earlier
or maintain a competitive advantage (Fulton and Hon, 2010; Rahardjo and
Yahya, 2010; Yeh and Chen, 2018). Therefore, in order to retain
competitiveness, companies have adopted 3D printing technology to improve
their operational efficiency and performance (Rahardjo and Yahya, 2010).
They can also boost competitiveness by providing better quality, fast
delivery, and flexible and reliable products. Therefore, external factors can
be expected to influence the adoption of 3D printing by SMEs, as stated in
the following hypotheses:
H8: Customer requirements positively affect the adoption of 3D printing.
H9: External collaboration positively affects the adoption of 3D printing.
H10: Competitive pressure positively affects the adoption of 3D printing.
To summarize, Figure 3 shows the studied relationships.
Technology context
- Relative advantages
- Integration

Environmental context

Organizational context

3D printing adoption
in SMEs

- Customer requirement
- External collaboration
- Competitive pressure

- Readiness
- Managerial obstacles

Figure 3. Research model 3D printing adoption
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2.3. Research methodology
2.3.1. Sample selection
This research focuses on different types of SMEs that use 3D printing to
enhance their traditional businesses. These SMEs are using 3D printing in a
variety of industries and categories (see Table 3). 300 of the top
manufacturing firms were randomly selected in Arizona, United States. The
first contact was made in different ways, such as company directories, wordof-mouth methods to collect business cards, and via LinkedIn. Firstly, a
summarized list of factors was drawn from the review of the literature that
was later used to construct the questionnaire. Secondly, the Chief Executive
Officers (CEOs) of four SMEs were interviewed in order to test and validate
the factors that were included in the final questionnaire, and no further
changes had to be made. Firms have been defined as Medium and Small
depending on the number of employees, following this, medium as <250
employees and small as <50 employees. Finally, a version was prepared
using Survey Monkey and was sent via email in three rounds from April to
August 2018 to stakeholders in these different industries and different
positions, because owners or senior management might not necessary be the
stakeholders who are the most familiar with 3D printing technology. We
received 81 valid answers. The response rate was 27%. The questionnaire
was answered anonymously and confidentially in observance of the research
protocol approved by Arizona State University’s Institutional Review Board.
Table 3 summarizes the detailed demographic characteristics of the
responses, and includes further clarifications related to the descriptive
statistics of the sample. As a result, there is no concern about the
representativeness of this sample.
Table 3. Sample characteristics (N=81)

Characteristic
Number of employees
10 - 49
50 - 250
Total
Number of years using 3D Printing
2 years or less
3 to 5 years
Total
Respondent position
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Percentage
56.58
43.42
100
37
63
100

Owner
Management
Engineering
Operator
Designer
Total

13.6
18.5
51.9
8.6
7.4
100

Gender
Male
Female
Total
3D printing use
Prototyping
Finished goods
Mix of prototyping finished
goods
Research and development
Jigs and fixtures
Total

74.1
25.9
100
24.7
11.1
56.8
6.2
1.2
100

2.3.2. Data analysis
Structural Equation Modeling (SEM) is a statistical technique for analysis of
data and relationships between independent and dependent constructs. One
of the two types of SEM is PLS-SEM, also called PLS path modeling, which
focuses on explaining the variance in the dependent variables in the model.
Research supports that method variance is a potential threat to research. This
study was carried out to identify the key factors that influence the adoption
of 3D printing by SMEs from the literature and from the stakeholders’
perceptions. By examining relationships between each factor, and then
validating the model and testing the hypotheses, the research used the Partial
Least Square technique (PLS), because its object is relatively new, and the
theory is not consolidated (Chin, 1998, p333). Likewise, the study takes an
exploratory approach (Hair et al., 2011 p.144), and the sample size is minimal
(Hair et al., 2011; Chin 1998). In turn, the PLS-SEM path model consists of
two elements. First, there is a structural model (inner model) that displays the
relationships between the latent variables, and second, the measurement
model (outer model) displays the relationships between the latent variables
and the indicators (Hair Jr et al., 2016). Thus, SmartPLS software was used
to run all the PLS-SEM analyses in this study. SmartPLS, which is commonly
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encountered in social science research, combines aspects of factor analysis
and regression, enabling the examination of relationships between measured
variables and latent variables.
2.3.3. Measurement of the variables
Measures in this research were adopted from the existing literature. Items
were modified to fit the 3D printing context. Items for the technological
context, which are relative advantage and integration variables, were adapted
from Yeh and Chen (2018) and Schniederjans (2017). Five items pertaining
to the organizational dimension support readiness and managerial obstacles,
which were adapted from Chan et al. (2012) and Yeh and Chen (2018). Items
for customer requirements, external collaboration, and competitive pressure
were adapted from Mellor et al. (2014) and Darbanhosseiniamirkhiz and Wan
Ismail (2012). For all items, we used a five-point Likert scale ranging from
“Strongly Disagree” to “Strongly Agree”. Table 4 summarizes the
measurement items of the independent variables.
Table 4. Measurement items of the independent variables.

Variables
Relative
Advantage

Integration

Readiness

Managerial
Obstacles

Customer
requirements
External
collaboration
Competitive
pressure

Measurement items
TRA1. 3D printing allows quick design changes with software
TRA2. 3D printing increases our organization's efficiency
TRA3. Using 3D printing improves on-time delivery
TRA4. Using 3D printing reduces unplanned downtime
TI1. 3D Printing is integrated with our information systems
TI2. 3D Printing is integrated with all our company’s databases
TI3. The use of 3D printing fits into our company supply chain
OR1. We have the necessary knowledge and skills to use 3D printing
OR2. A specific person (or group) is available for assistance with 3D
Printing difficulties
Do you agree that the following obstacles were encountered when 3D
Printing was adopted?
MO1. Cost
MO2. Change
MO3. Leadership
ECR. The company works with customer requirements
EEC. The company has other collaborations or support (e.g. other
business networks, academic institutions, local-level authorities)
ECP. The company is influenced by competitive pressure
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The dependent variable and its measurement were also adopted from
previous literature. Adoption refers to decisions based on intuition and vision
that occur over time (Kirton, 1976). So, the gradual processes of adopting 3D
printing that occur in companies specify the type of adopters that first
evaluate the compatibility of technology through use and considering its
practicality (Schniederjans, 2017). To this end, four items were considered
to be related to motives for the adoption and use of 3D printing: “Improved
product development is possible in our company via 3D printing”
(ADOPT1); “higher flexibility is possible in our company and via 3D
printing” (ADOPT2); “better product quality is achieved in our company and
via 3D printing” (ADOPT3); “best practices are achieved in our company
and via 3D printing” (ADOPT4). The construct was also measured on a 5point Likert scale ranging from “Strongly Disagree” to “Strongly Agree”.
Control variables
This research was conducted in six different industries. Table 5 provides the
descriptive statistics, because different industries may achieve different
innovation results (Lanjouw and Schankerman, 2004). Thus, the industry was
a control variable coded as a dummy variable.
Table 5. Descriptive statistics

Dummy variable
Industry
Biomedical
Medical devices
Metal products
Machinery
Rubber
Furniture

Codification

Frequency

%

0
1
2
3
4
5

10
36
17
5
8
5

12.3
44.4
21.0
7.4
8.6
6.2

2.4. Results
2.4.1. Reliability and convergent validity
The reliability and validity of the measurement model were evaluated before
testing the proposed model. Table 6 presents the composite reliability (CR)
score of the endogenous constructs, which was above the minimum
recommended value of 0.7, which is considered adequate (Nunnally, 1978).
The average variance extracted (AVE) was greater than 0.5 (Hair et al.,
2016), which suggests discriminant validity. However, the same
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measurement scales were not applied to measure formative indicators environmental context- , because these indicators mostly represent
independent causes and thus do not correlate highly (Hair Jr et al., 2016).
According to the authors, independent causes or single items have the
advantage of being able to adjust to meet the research objective; they also
allow questions to stand out for respondents and reduce cognitive constraints
that increase the likelihood, for example, of missing answers or identical
responses to all items (as cited in Cheah et al., 2018). To this end, the same
(high) importance for assessing convergent and discriminant validity among
the exogenous construct has been evaluated according to the variance
inflation factor (VIF), which was lower than the conservative threshold of 5,
thus suggesting that there are no correlations between indicators that
evidence any potential collinearity problem (Hair et al., 2011). In summary,
the measurement model is considered reliable as shown in Table 6.
Consequently, the postulated hypotheses can be tested.
Table 6. Reliability and convergent validity

Construct
Relative
advantage

Technology
integration

Organizational
readiness

Managerial
obstaclesb

Indicator

λ

a

tValue

TRA1

0.722

TRA2

0.791

TRA3

0.708

TRA4

0.693

TI1

0.698

TI2

0.872

TI3

0.852

OR1

0.886

OR2

0.692

MO1

0.784

6.823*
*
9.757*
*
7.147*
*
8.821*
*
6.807*
*
18.508
**
17.988
**
6.375*
*
2.873*
*
0.692

MO2

0.155

0.096
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VIF

2.02
5
2.12
3

Cronba
ch’s
Alpha
0.725

0.827

0.545

0.728

0.847

0.651

0.531

0.750

0.602

na

na

na

Composite

Reliability

AVE

Customer
requirementsb
External
collaborationb
Competitive
pressureb
3D printing

MO3

0.869

1.947

ECR

0.552

1.021

EEC

0.843

1.525

ECP

-0.698

1.102

1.21
7
1.10
5
1.10
6
1.20
8

na

na

na

ADOPT 0.934
50.194
0.819
0.882
0.655
1
**
Adoption
ADOPT 0.786
12.067
2
**
ADOPT 0.748
9.100*
3
*
ADOPT 0.708
14.184
4
**
a
b
Notes: p < 0.01; formative construct; na: CA, CR and AVE are not applicable to formative
constructs.

2.4.2. Discriminant validity
Table 7 shows the results for the assessment of discriminant validity. In the
partial least squares context, the criterion for discriminant validity is that the
square root of the AVE of each construct should be higher than the
construct’s highest correlation with any other construct in the model (as cited
in Hair Jr et al., 2016). Discriminant validity was therefore examined by
testing the correlation between constructs. Next, as shown in Table 7, the
Heterotrait-Monotrait Radio (HTMT) values for all constructs are smaller
than the more conservative threshold value of 0.85 (Hair Jr et al., 2016).
Finally, one can check the cross-loading discriminant validity for each
indicator, which is above 0.70 as required (Hair Jr et al., 2016). These tests
suggest that discriminant validity is satisfactory for the measurement model.
Table 7. Discriminant validity
1
Fornell-Larcker criterion
1. 3DPA
0.790
2. OR
0.425
3. TI
0.563
4. TRA
0.471
5. Industry
-0.257
6. Time
0.174
HTMT ratio of correlations
1. 3DPA
-

2

3

4

5

6

0.776
0.194
0.116
-0.112
0.063

0.807
0.376
0.165

0.739
0.286

0.447
-0.074

0.552
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2. OR
3. TI
4. TRA
5. Industry
6. Time
Cross Loadings
ADOPT1
ADOPT2
ADOPT3
ADOPT4
OR1
OR2
TI1
TI2
TI3
TRA1
TRA2
TRA3
TRA4
Industry_0
Industry_1
Industry_2
Industry_3
Industry_4
Industry_5

0.786
0.784
0.580
0.332
0.261

0.486
0.590
0.558
0.386

0.520
0.275

-

0.934
0.795
0.750
0.703
0.373
0.279
0.418
0.503
0.543
0.259
0.279
0.120
0.231
-0.032
0.101
-0.072
-0.076
0.176
-0.185

0.322
0.246
0.255
0.449
0.872
0.700
0.092
0.175
0.198
0.276
0.054
0.136
0.162
0.022
0.037
0.209
-0.019
-0.075
-0.348

0.586
0.485
0.458
0.350
0.219
0.053
0.698
0.872
0.849
0.282
0.246
0.249
0.271
0.134
0.140
-0.193
-0.123
0.202
-0.274

0.255
0.295
0.298
0.234
0.373
-0.074
0.324
0.218
0.404
0.722
0.791
0.708
0.601
-0.223
0.116
-0.028
0.042
0.177
-0.147

-0.244
-0.146
-0.221
-0.201
-0.179
0.049
-0.286
-0.297
-0.384
0.050
-0.224
-0.177
-0.095
-0.159
-0.459
0.492
0.291
-0.480
0.638

0.180
0.123
0.106
0.136
0.122
-0.060
-0.051
0.190
0.209
0.234
0.192
0.206
0.143
-0.150
0.175
-0.048
-0.065
0.006
-0.018

2.4.3 Assessment and results of the structural model
Through the TOE framework, this study was performed to examine ten
research hypotheses to explain the adoption of 3D printing by SMEs. Table
8 summarizes the results of our analyses. Moreover, as shown in Table 9, the
square root of the AVE of each construct is larger than all the crosscorrelations between the construct and inter-construct (Fornell Claes, 1981).
Therefore based on support from (Garson, 2016; Hair Jr et al., 2016) the
model in this study presents no multi-collinearity issues.
Table 8. Results of bootstrapping with 5000 sub-samplings

TRA->3DPA
TI->3DPA
OR->3DPA
MO->3DPA
ECR->3DPA
EEC->3DPA
ECP->3DPA

Coefficient/p Value
T Statistics
Direct effects
0.253(0.005)
1.844*
0.500(0.000)
6.706*
0.268(0.011)
2.534*
-0.245(0.021)
2.398
0.034(0.640)
0.467
0.172(0.050)
1.967
-0.188(0.060)
1.882

38

Conclusion
H1 not supported
H2 supported
H4 supported
H5 supported
H8 not supported
H9 supported
H10 not supported

Indirect effects
TRA->TI
0.358(0.000)
4.877
H3 supported
OR->TI
0.254(0.010)
1.917
H6 supported
MO->OR
-0.326(0.021)
2.308
H7 supported
Control variables direct and indirect effects
Industry->3DPA -0.098(0.554)
0.591
*p < 0.050

Integration is found to be significant, while relative advantage is not
significant at the adoption stage. Therefore, H2 is supported and H1 is not
supported. In fact, these results are in line with previous research
investigating the adoption of technology, which was supported by similar
findings (Chan et al., 2012; Mellor et al., 2014). Although the study by Yeh
& Chen (2018) recognized that relative advantage is one of the most
important factors of the adoption of 3D printing by large companies, it was
not significant at the adoption stage in SMEs. However, this does not imply
that SMEs do not recognize the relative advantage of 3D printing to increase
their potential benefits before adopting it. In fact, the relationship between
relative advantage and technology integration was found to be significant.
Therefore, H3 is supported. These last results will be discussed later. On the
other hand, however, technology integration was found to have a
significantly positive effect at the adoption stage in SMEs. This finding is
consistent with the studies by Martinsuo et al. (2018) and Yeh & Chen
(2018), which found that the adoption of 3D printing requires a higher level
of integration with existing practices and process flows such as the supply
chain. In that case, 3D printing should be consistent with current systems in
order to make its adoption more favourable. Readiness and managerial
obstacles were also supported as facilitators of the adoption of 3D printing.
Therefore, H4 and H5 are supported. Based on the previous measurement of
readiness, a positive and significant relationship is evidenced between lack
of highly skilled personnel (Mellor et al., 2014) and the adoption of 3D
printing technology. Moreover, we also found that the relationship between
organizational readiness and technology integration is significant. Therefore,
hypothesis H6 is supported. Like many studies, we found that managerial
obstacles remain negative, which is supported by hypothesis H5 because they
inhibit the adoption of 3D printing, also indicating the extra challenge faced
by smaller companies. Moreover, managerial obstacles are found to have a
significant relationship with organizational readiness. Thus, H7 is supported.
External collaboration is also perceived as significant. That is, SMEs that
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lack resources generally choose the most appropriate solution to satisfy their
requirements through reactive mechanisms such as sales representatives
rather than expert advice; the former is related to representatives with
extensive specification details and based on their own interests. The latter is
related to impartial expert advice, but may increase the considerable capital
expenditure, something smaller companies do not want to do (Fulton and
Hon, 2010). Thus, as reported by Deradjat & Minshall (2017)’s study, SMEs
need to rely on collaboration with external parties such as academic research
institutions or industrial partners to adopt 3D printing, a conclusion that
agrees with the results of hypothesis 9. Thus, H9 is supported. On the other
hand, it was evidenced that customer requirements and competitive pressure
do not have a significant effect on the adoption of 3D printing and thus H8
and H10 are not supported.
Table 9. Descriptive statistics and discriminant validity.
Constructs

Mean

SD

3DPA
ECC
ECP
ECR
MO
OR
TI
TRA

4.438
3.642
3.864
4.493
2.967
4.018
3.938
3.685

0.605
0.795
0.720
0.760
1.044
0.696
0.854
0.790

Correlation matrix
3DPA ECC ECP
0.809
0.099
na
0.308
0.133
na
0.051
-0.230
0.425
0.609
0.473

ECR

MO

OR

TI

0.309

0.106

na

-0.158

-0.101

0.059

na

-0.093

0.136

-0.080

-0.335

0.776

0.014

0.018

0.053

0.153

0.262

0.807

-0.029

0.004

-0.087

0.043

0.232

0.391

TRA

0.738

Note: Value on the diagonal is the square root of AVE.

Finally, Figure 4 illustrates the endogenous variable ‘the adoption of 3D
printing’, where t-statistics and path coefficients with significance levels are
presented, as well as R2=0.523 such that the variables described above
explained 56% of the variance of 3DP adoption, which can be considered
moderate (Hair Jr et al., 2016). The path associated with all TOE
determinants — relative advantage, integration, readiness, customer
requirements, external collaboration, competitive pressure — have positive
significant paths. The path associated with managerial obstacles is significant
and negative, as we expected. According to the results, seven hypotheses are
supported: H2, H3, H4, H5, H6, H7, and H9; in contrast H1, H8, and H10
were not supported. The discussion of these results, as well as the academic
and managerial implications, are presented in the following section.

40

Control variable

Industry
0.254
(1.917)

Integration
0.358
(4.877)
Relative
advantage

0.500
(6.706)
0.253
(1.844)

0.034
(0.467)
Customer
requirements

Readiness

0.268
(2.534)
3D printing
adoption in
SMEs R2=52.3%
0.172
(1.967)

-0.326
(2.308)

-0.245
(2.398)

Managerial
obstacles

-0.188
(1.882)
Competitive
pressure

External
collaboration

Direct effect
Indirect effect

Figure 4. Results of the empirical model
Note: t-statistics values (in parentheses) are significant at p<0.05

2.5. Discussion
Based on SMEs, this study examines the effects of factors derived from the
TOE framework for the adoption of 3D printing. Although research into the
adoption process in SMEs, that is, the stage in where SMEs have committed
resources to the use of 3D printing in their manufacturing is still inconclusive
and, in its infancy, this research provides a useful reference.
Technology integration is the most important factor and has a stronger
influence on adoption by SMEs. Past studies have found that large companies
might find it harder to integrate between their processes, while SMEs might
have less integration issues, as they have less complex organizational
structures and are thus able to build a single integrated system. Technology
integration is often viewed as a key factor as it offers more benefits than
individual processes, as supported by studies such as Saberi et al. (2010).
Therefore, when companies adopt 3D printing to enhance their
manufacturability over more traditional methods, it might be integrated with
their other systems. Only then will SMEs have a real possibility to move
towards becoming a competitive firm. This is supported by Mellor et al.
(2014).
Relative advantage, however, was not found to be significant in this study,
although it was in the study by Yeh and Chen (2018) for large companies.
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This result does not mean that SMEs view relative advantage as unimportant.
In fact, unlike in the adoption stage, relative advantage was found to be a
significant factor during the intention to adopt 3D printing (Schniederjans,
2017) since smaller companies might experiment with 3D printing
technology at that stage in order to judge the benefits and prevent
unfamiliarity from generating barriers at the adoption stage. This is also
supported by Martinsuo et al. (2018), who suggests that SMEs that have
adopted 3D printing as shown in Table 3 are concerned about the integration
with their other systems and need to be sure that it will be better than their
current practices. Therefore, regardless of whether decision makers adopt 3D
printing or have the intention to do so, relative advantage is an important
factor for generating attitudes towards the use or not of this technology.
The results also show that both organizational readiness and managerial
obstacles are significant factors in the adoption stage. Readiness is the second
most important factor when SMEs adopt 3D printing. There have been
diverse findings about the effects of this criterion in previous studies.
Martinsuo et al. (2018) found that the lack of knowledge of 3D printing is the
challenge that interviewees mention most and is hence a barrier to adopting
it. In other words, although SMEs may have conducted some technical
evaluations, they will first need to ensure that they have the necessary
technical or financial resources to truly take advantage of it. However, our
result also shows that SMEs that had been using 3D printing for less than 2
years (37%) and were perhaps not ready to adopt it, did do so regardless.
Thus, SMEs with less complex organizational structures also learn by doing,
and this is especially true for younger companies (63%), through active
experimentation or external collaboration. This is supported by studies such
as Martinsuo et al. (2018) on AM adoption.
Our results also show that Managerial obstacles are still an important factor
in the adoption stage. This suggests that SMEs are concerned about
identifying threats in order to support the implementation of 3D printing.
However, they are less aware of the implications and future applications in
which the technology could be helpful, which is supported by Saberi et al.
(2010). Nevertheless, it is important to highlight that SMEs are more
sophisticated nowadays (Chan et al., 2012) when it comes to solving
technological issues that could hinder their adoption of 3D printing. As stated
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in Deradjat and Minshall (2017), some SMEs are forced to collaborate in
order to create successful processes. Although this last argument was not
empirically tested, the authors also found that this network support from
external partners encourages new models for the adoption of 3D printing
among smaller companies (Martinsuo et al., 2018). Therefore, external
collaboration is a significant factor during the adoption stage. This suggests
that SMEs are more influenced by the potential benefits of external
cooperation such as other business networks or academic institutions, which
is in line with earlier studies by Deradjat and Minshall (2017) and Martinsuo
et al., (2018).
In the environment dimension, however, competitive pressure and customer
requirements were not significant, which suggests that companies that have
adopted 3D printing will be more concerned about its effectiveness in terms
of their own capabilities or collaboration with other companies than they are
about the competition. This result is consistent with previous adoption studies
(Chan et al., 2012). This outcome suggests that if there is too much
competitive pressure, companies might face unwanted distractions, which
hinders their adoption process at this stage. Our result also shows that even
if external collaboration can foster the adoption of 3D printing (Deradjat and
Minshall, 2017; Martinsuo et al., 2018), greater effort, beyond the adoption
of 3D printing, is required to achieve a competitive business.

2.6. Conclusion
The aim of this study was to explore the core factors affecting the adoption
of 3D printing by SMEs, within the TOE framework. To this end, the
relationships between technological, organizational, and environmental
context in smaller companies were analyzed. The findings suggest that
relative advantage, integration, readiness, managerial obstacles, and in turn,
external collaboration factors, might foster the adoption of 3D printing in
smaller companies, which also seems to be related to competitive business.
However, the findings also show that the adoption of 3D printing is not
strategically beneficial to small companies when they are not ready to truly
take advantage of its innovations. Based on this, SMEs might adopt 3D
printing when it is integrated with other technologies in their current system,
something that seems to be critical in order to promote the development of
new abilities in accordance with the relative advantages of using this
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technology. This, in turn, might provide managerial contributions to make
reasonable decisions in order to encourage users, potential users or non-users
who might want to use 3D printing in their enterprise in spite of the limited
resources.
The main implication for academia is that this study is only one of a handful
of empirical studies that focuses on SMEs within the TOE framework. This
study also clarifies the core factors that influence the adoption of 3D printing
by SMEs, which fills an important gap left by previous research.
The main implications for practitioners are that the relevant factors identified
relative to the advantages of the technology, its integration in their current
systems, and managerial obstacles will allow them to make the right
decisions and progress from adoption to use of 3D printing in less time, which
in terms of competitiveness leads to financial savings. At the same time, an
understanding of the core issues that affect the adoption of 3D printing by
SMEs may be increasingly important for its successful implementation.
Despite its contributions, this exploratory study does have some limitations.
First, in terms of cost, it was conducted with a sample of SMEs in the United
States, which consider that the cost of the technology is justified ahead of the
risks of making the wrong decision in the marketplace. This therefore implies
that the cost factor should be taken into further consideration in the future.
Second, this study is limited to certain sectors in the United States, and future
research should validate its findings with a larger sample and in other
countries. Finally, this study uses a limited set of variables according to the
TOE framework, and future research should investigate other factors by
using other perspectives.
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Chapter 3. Responsible innovation in

SMEs: A systematic literature review for
a conceptual model
Abstract
Responsible innovation has been an important issue in discourses addressing
the major challenges faced by mankind in terms of natural resource
degradation, climate change, economic progress and societal well-being.
However, its integration into industry is still in its infancy, and even more so
when it comes to small and medium-sized enterprises (SMEs). The aim of
this research is to use a systematic literature review to develop a conceptual
model for responsible innovation and its relationship with SME performance,
in connection with sustainable innovation and corporate social responsibility
practices. A bibliometric analysis of 102 articles collected between 2000 and
April 2020 from the Web of Science database was used, in addition to the
systematic literature review using the Gephi and NVivo software. The study
presents an overview of the articles, authors, most influential journals and
research clusters identified, and provides a solid conceptual framework to be
applied in this field and in the context of SMEs.
Keywords: Responsible innovation in industry; responsible research and
innovation; CSR; corporate social responsibility; sustainable innovation;
SMEs

3.1. Introduction
Growing global concern about environmental degradation, social inequality
and over-consumption of resources has attracted increasing attention in the
academic literature (Jones and de Zubielqui, 2017; Kraus et al., 2017). In
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light of the current situation, one of the means for working towards the United
Nations 17 proposed Sustainable Development Goals (SDGs) for 2030
regarding the major challenges being faced in terms of natural resource
degradation, climate change, economic progress and society's welfare is
"innovation" (Porter, 1985) and the need for it to be "responsible" (Auer and
Jarmai, 2018; Martinuzzi et al., 2018; Ribeiro et al., 2018; Von Schomberg,
2013).
Responsible innovation has been a topic of discussion because it connects the
basic concerns of business with the global challenges of society, i.e., the
challenge for companies in this increasingly competitive world to innovate
in order to generate economic benefits, but also to generate sustainable social
value, meaning that “responsibility” is now deeply rooted in the conscience
of entrepreneurs, and consequently in companies’ DNA (Visser, 2010).
However, the integration of responsible innovation in business is still in its
infancy (de Poel et al., 2017; Ribeiro et al., 2018). In other words, there is
not yet a clear understanding of what should be “done” (Ribeiro et al., 2017),
especially in small and medium-sized enterprises (SMEs), which are largely
unaware of what the concept of responsible innovation implies (Auer and
Jarmai, 2018) because, as it is an emerging topic, very little practical research
has been done to understand its influence on sustainable development and
organisational capacities (Pandza and Ellwood, 2013).
On the other hand, understanding the implications of responsible innovation
in industry, especially regarding SMEs, which constitute 95% of all
enterprises in the world (Khan et al., 2020), and their impact represents
approximately 64% of pollution and waste in Europe (European
Commission, 2002), is still novel, and it remains to be understood how RI
can be applied by companies (Lubberink et al., 2017) and how it relates to
business performance (de Poel et al, 2017). The authors therefore suggest that
more attention needs to be paid to SME activities (Hammann et al., 2009;
Klewitz and Hansen, 2014) because their propensity to adopt responsible
innovations could have an equally positive and significant impact (AragónCorrea et al., 2008; Bos-Brouwers, 2010; Cassells and Lewis, 2011).
Although this last argument is in line with corporate social responsibility
(CSR), sustainable innovation (SI), and similar terms to CSR in SMEs (OrtizAvram et al., 2018), it also demands companies to take a step further with a
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responsible innovation approach that is a transparent and interactive process
(Ribeiro, Barbara E and Smith, Robert DJ and Millar, 2017). Moreover, RI
is more specific and refers to mutual responsibility and the early inclusion of
different actors in the innovation process. Therefore, it seems that CSR,
besides being adopted due to its sustainability-oriented framework,
reinforces the potential to promote responsible innovation within firms (de
Poel et al., 2017; Valdivia and Guston, 2015). Therefore, this research aims,
based on literature review and bibliometric analysis, to develop a conceptual
model that could allow us to explain the drivers of RI in SMEs, its effect on
firm performance, and the contingent variables which moderate this
relationship.
Section 2 presents the background to the study. This is followed in Section 3
by the methodological approach of a systematic review of the literature.
Section 4 presents the results of the research, followed by the theoretical
framework in Section 5.

3.2. Background
Innovation is change. It is a new or improved product, service or business
model (OECD, 2005), i.e. a simple improvement to what we already do, but
which makes it better or radically different. However, although such changes
have been happening throughout the history of mankind, what they are today
are changes in the process of development. That is, despite the fact that
innovation is a spectrum of growing novelty, a "Darwinian dynamic
phenomenon" that brings many benefits as well as risks, as the study by
Ribeiro et al. (2017) highlights, it could end up failing when ethical and social
issues inherent to the innovation process have not been considered. In this
line, a key dimension when exploring innovation is the concept of
"responsibility". Responsible innovation" (RI) or "responsible research and
innovation" (RRI), which first appeared in the Sixth Framework Programme
(EU Regulation No 1291/2013), is a term which, in order to deepen the
relationship between science and society, seeks to ensure that innovation
under a framework of democratic governance is better integrated into society
to guarantee its contribution and benefits. In this regard, the most relevant
definitions of "responsible research and innovation" are:
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a) "A transparent, interactive process by which societal actors and
innovators become mutually responsive to each other with a view to
the (ethical) acceptability, sustainability and societal desirability of
the innovation process and its marketable products (in order to allow
a proper embedding of scientiﬁc and technological advances in our
society)." (Von Schomberg, 2012, p. 9).
b) Responsible research and innovation refers to the comprehensive
approach of proceeding in research and innovation in ways that allow
all stakeholders that are involved in the processes of research and
innovation at an early stage (A) to obtain relevant knowledge on the
consequences of the outcomes of their actions and on the range of
options open to them and (B) to effectively evaluate both outcomes
and options in terms of societal needs and moral values and (C) to use
these considerations (under A and B) as functional requirements for
design and development of new research, products and services
(European Commission, 2003).
c) "Responsible innovation means taking care of the future through
collective stewardship of science and innovation in the present"
(Stilgoe et al., 2013, p. 1570).
d) Responsible innovation refers to a new or signiﬁcantly improved
product, service or business model whose implementation at the
market solves or alleviates an environmental or a social problem
(Halme and Korpela, 2014, p. 548).
Although the precise interdisciplinary nature of RRI is a work in progress
(Chatfield et al., 2017), the above definitions show common recurrent themes
such as "sustainable development11” adjusted to "societal needs", and early
involvement with "participation of different stakeholders" (Owen et al.,
2012). For example, the definition by Von Schomberg (2012), which is one
of the most widely used, shows that innovation is a process of coresponsibility for ethical acceptability, social coexistence, and the
construction of a holistic sustainability. Nevertheless, very similar
approaches can also be found in industry but using different terms like
"sustainable innovation12" (Stahl et al., 2019) and in activities that lead to
11

The United Nations World Commission on Environment and Development conference
described sustainable development as "development that meets the needs of the present
generation without compromising the ability of future generations to meet their own
needs".
12

Sustainable innovations are defined as innovations in which the renewal or improvement of
products, services, technological or organizational processes not only provides better economic
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RRI results, such as "corporate social responsibility13" policies (de Poel et
al., 2017). So, with the growing awareness of companies regarding recurring
activities to innovate with and for society, the concept of "responsible
innovation" is incorporated in the previous literature along with its
dimensions as essential components of this objective, i.e. "innovating with
and for society". On this basis, the research by Stilgoe et al. (2013) developed
a framework for responsible innovation, which is now a benchmark in the
academic literature. It consists of four dimensions - anticipation,
reflexiveness, inclusion, responsiveness - each of which indicates a reflection
on the purpose(s) of innovation. There is also the knowledge management
dimension proposed by Lubberink et al. (2017). The latter refers to the fact
that SMEs lack human resources, and hence are constantly on the lookout for
opportunities to expand and build knowledge as well as to be able to extend
it to their employees (Aragón-Correa et al., 2008). Therefore, further research
might explore these five dimensions - anticipation, reflexiveness, inclusion,
responsiveness, and knowledge management - in greater depth in the SME
context.
Anticipation involves systematic thinking, whereby organisations consider
uncertainty, the possibility of something happening or not happening, and
what is possible, risk (Stilgoe et al., 2013). Meanwhile, reflexivity refers to
the process of self-awareness, like holding up a mirror in order to scrutinise
oneself (Stilgoe et al., 2013). Inclusion refers to the participation of
stakeholders (Lubberink et al., 2017; Owen et al., 2012; Stilgoe et al., 2013).
Responsiveness involves responding to newly emerging knowledge,
perspectives, users’ views (Stilgoe et al., 2013) and stakeholders regarding
the innovation process in order to gather information from them and thereby
adapt innovation to changes and new requirements (de Poel et al., 2017).
Finally, previous research refers to the knowledge management dimension,
especially in SMEs that lack resources. For that reason, an owner-manager
may wish to invest in developing the capacity of his employees, but is often
forced to prioritize investment in more immediate and urgent needs of his
performance, but also greater environmental and social performance, both in the short and long
term (Bos-Brouwers, 2010). Similar terms include eco-innovation, environmental innovation and
ecological innovation, according to the study by (Franceschini et al., 2016).
13
The European Commission's Green Paper of July 2001 defined corporate social responsibility as
a concept whereby companies integrate social and environmental concerns in their business
operations and in their interaction with their stakeholders on a voluntary basis.
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company (Lepoutre and Heene, 2006) than employee development, as
concluded in Suriyankietkaew and Avery (2016). Activities that are
implemented to develop knowledge, share it, transfer it and apply it through
members therefore help to fill some of the knowledge gaps needed to develop
innovation (Lubberink et al., 2017).
Section 5 below develops each of the proposed RI dimensions – RI is the
term that will be used in this study - and their relationship with SMEs and
business performance according to the existing literature.

3.3. Methodology
We performed a systematic review (Tranfield et al., 2003) of the extant
literature on practices such as CSR and SI that promote responsible
innovation and performance in SMEs. Systematic review has become an
essential activity with regard to the literature because of the analysis and
synthesis of articles that underpin it. In this study, content analysis and
bibliometrics were thus applied to learn about the evolution of publications
and journals, their impact on the field, and the relationship between articles
and their references. Following Denyer and Tranfield (2009), the study
involved four stages. Stage 1, the questions to be addressed in the systematic
literature review were formulated. Stage 2, relevant articles were located and
selected from the extant literature and according to evaluation criteria. Stage
3, data were analysed and synthesised using various methods appropriate to
the research. Stage 4, significant results and consequences of the proposed
conceptual framework were described.
3.3.1. Question formulation
Based on the extant literature on RI, a relationship is evident between CSR,
SI and RI that supports the evolution of the concept and the potential impact
on business performance. However, although research in this field of
"responsible innovation" is at an early stage (Ribeiro et al., 2017), it seems
to be particularly less developed with regard to small and medium-sized
enterprises. Therefore, the systematic literature review is based on underlying
practices and activities that come from empirical studies on responsible
innovation, sustainable innovation, and corporate social responsibility
practices, which, in addition, are related to the performance of small and
medium-sized enterprises. More specifically, these are practices with a
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broader perspective than the social, economic and/or environmental one,
which promote arguments of anticipation, reflexiveness, inclusion,
responsiveness, and knowledge management as a basis for putting
responsible innovation into practice (Lubberink et al., 2017). In order to
achieve the purpose of this study, the following research questions are posed,
which this study seeks to answer:
• What are the key dimensions that contribute to the implementation of
responsible innovation in SMEs?
• How can activities contributing to the implementation of responsible
innovation affect the performance of SMEs?
• What are the contingent variables that influence the relationship
between responsible innovation and performance in SMEs?
3.3.2. Locating and selection studies
The second step followed a strategy to locate articles in the existing literature
(Figure 5). The ISI Web of Science (WoS) database was chosen to perform
the keyword search. This database is recognized by academics and
professionals as one of the most comprehensive and highest-level databases
of scientific information in the world (Aboelmaged, 2010). The search was
then performed to bring together articles published in the period from 2000
to April 2020 with such keywords as "small and medium sized enterprises"
OR "SMEs" AND "responsible innovation" OR "sustainability" OR
"sustainable development" OR "corporate social responsibility" OR
"corporate social innovation" AND firm performance. The 20-year period
was determined because it includes the first article related to responsible
research and innovation that appeared in the early 2000s. This resulted in 293
articles (some articles from the Journal of Responsible Innovation were
included because of their relevance to the topic). The titles and abstracts of
all articles were analysed (see the search sequence in Figure 6). After
obtaining that initial sample, the "snowball" technique was applied to the
most relevant papers in the initial search to retrieve articles related to the
keywords but not identified in the first search. This expansion allowed the
identification of papers related to the evolutionary process of corporate
responsibility that precedes the concept of RI itself by adding 25 articles. A
database was then created in Microsoft Excel with the bibliometric
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Sustainable
innovation

Small and medium
sized enterprises

Corporate social
responsibility

Dimensions regarding the
company’s operation:

Responsible
innovation

Context:

Innovation related to firm
performance on:

information from WoS noting the title, abstract, authors, keywords, journal,
references and number of citations.
- Anticipation
- Reflexivity
- Inclusion
- Responsiveness
- Knowledge
management

Figure 5. Adapted framework of Lubberink et al. (2017) to categorize the indicators.

As a result, 195 articles were analysed manually and more precisely. Of
these, 80 articles did not meet the criteria for inclusion and were therefore
excluded. Subsequently, the full texts of the remaining 115 relevant articles
were downloaded for full evaluation. In the above process, 13 articles could
not be accessed through the above-mentioned database and were instead
requested directly from their authors. As a result, and in line with the seven
evaluation criteria proposed for the selection of studies - and detailed below
- the final number of 102 articles was reached.
(1) articles based on empirical and peer-reviewed research;
(2) that included one of the key words in the title or the abstract;
(3) articles that consider SMEs as research centres;
(4) available in the above-mentioned database;
(5) published between 2000 and 2020;
(6) articles in English; and
(7) articles in the areas of business research or economics or social sciences
or environmental sciences or technological science
The exclusion criteria were articles not related to the keywords; articles that
did not contribute to an understanding of responsible innovation in SMEs and
therefore did not pass the selection test (SeeFigure 5Figure 5); and articles
that could not be accessed through the database.
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Articles identified initial
literature search (n=293)
Elimination based on titles
and abstracts
Hand search for responsible
innovation literature (n=25)

Articles for full paper
assessment (n=195)

Do not meet inclusion
criteria
Articles included in review
(n=102)

Figure 6. Flow diagram of study selection.

3.3.3. Data analysis
The database created with the 102 articles was read in its entirety and
analysed using a combination of methods such as bibliometrics and content
analysis, then cluster analysis, using the Gephi software14 and the BibExcel
tool version 2016.
In order to explore the chronology and evolution of the identified academic
literature, bibliometric analysis was applied to measure the impact of
published articles, the number of citations per year, the number of
publications ordered by journal and year of publication. Furthermore,
bibliometrics enabled analysis of the evolution of these publications over
time.
In addition, the WoS database was used to extract in .CSV format information
that was first exported to the BibExcel tool version 2016 for the preparation
of the information. Then, the file generated in BibExcel served as input data
for the open source bibliometric tool Gephi. Clustering based on citations
was chosen, so the use of the Gephi tool enabled identification of clusters
with their complex shared relationships, as well as the modularity and
aggregation of communities. That is, through mathematical algorithms such
as the Leuven algorithm used by the Gephi software, it is possible to visualize
a network node represented by a citation in our case, and each link between
two nodes indicates a co-occurrence, which means that the two references
appear in the same article. In this study, four clusters emerged. In addition to
14

Gephi is available for free at: https://gephi.org/
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a full reading, each selected article was also codified following the
framework proposed by Lubberink et al (2017) for which the software NVivo
1.2 2020 was used. Therefore, content analysis of each article enabled
identification of the practices that contribute to the dimensions of responsible
innovation in SMEs, i.e. anticipation, reflexiveness, inclusion,
responsiveness, knowledge management and its relation to business
performance, as well as the variables used, the models, propositions,
definitions, etc. The summary of the resulting codification scheme is shown
in Table 10.
Table 10. Content analysis coding scheme

Coding
1: Dimensions
Anticipation
Reflexiveness
Inclusion
Responsiveness
Knowledge Management

3: Contingent variables
Firm size
Type of industry
Firm age
Country
Corporate strategy
Learning orientation
Employee's commitment
Relational marketing
4: Main Players
Clients/Customers
Employees
Environment
Suppliers
Community
Owners/shareholders
R&D
Government
Competitors
Funding agencies/Investors
Alliances

2: Firm performance
Sales growth
Profitability
Financial indicators
Market share
Customer satisfaction
Innovation performance
RI performance
Environmental sustainability
Social sustainability
Diversity and inclusion
Anticipation and reflection

3.4. Results
3.4.1. Bibliometric analysis
Bibliometric analysis shows the evolution of published articles, where it was
observed that the first publications were from the year 2000. This is justified
by the fact that the term "responsible innovation" emerged in 2002 as part of
the EU's Sixth Framework Programme for Research and Technological
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Development. As shown in Figure 7, there were very few publications
between 2000 and 2010 an average of only twenty articles was published
during these ten years. In 2011, the number of publications increased slightly,
but it was from 2016 onwards that the number truly started to rise. This
increase may be due to RI being promoted by the European Commission
through the European framework programmes for research and innovation
(e.g. "Horizon 2020" and "FP7").
40
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22
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Figure 7 Number of publications per year (2000-2020)

Table 11 shows the number of publications per journal, considering the
journals that published at least two articles. Most articles were published in
the Journal of Cleaner Production, followed by Business Ethics and
Sustainability.

Table 11. Publications and citations per journal

Journal

Publications

Journal of Cleaner Production
Journal of Business Ethics
Sustainability
Business Strategy and The Environment

14
14
14
9
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Citations
o
1608
2095
187
719

Corporate Social Responsibility and
Management
Journal of Responsible Innovation
Journal of Small Business Management
Strategic Management Journal
Research Policy
European Management Journal
Journal of Management Studies
Science and Engineering Ethics
Industrial Management & Data Systems
Global Business Review
Technological Forecasting and Social Change
British Journal of Management

Environmental

6

503

4
3
2
2
2
2
2
2
2
2
2

25
38
1764
1612
1076
159
152
26
15
15
7

Note: Minimum of two publications. In descending order of the total number of publications.

The concentration in a few journals indicates that the topic was the subject
of intense debate on specific issues such as social responsibility, corporate
responsibility, environment, development, society, sustainability and
performance (see Figure 8 with the Figure 8words highlighted by size
according to their frequency of use). All journals are peer-reviewed and
indexed with a high impact factor.

Figure 8. Keywords of responsible innovation research field

3.4.2. Research trends over time
Four five-year periods were created to analyse trends over time, namely
Period 1 (between 2000 and 2005), Period 2 (between 2006 and 2010), Period
3 (between 2011 and 2015), and Period 4 (between 2016 and 2020).
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2000-2005: This period witnessed a broadening of the understanding of
innovation practices together with corporate social responsibility adapted to
the needs of SMEs. It was recognized that both the lack of commitment and
the involvement of SMEs in social responsibility activities were debatable.
The former has been related to how CSR has been framed from its origins in
terms of large companies rather than involving SMEs or being relevant to
them. The latter has been somewhat related to the fact that many SMEs
participate in responsible activities without knowing it. This prompted
academics to work on broadening and understanding the concept of social
responsibility from the point of view of SMEs (Bansal and Roth, 2000;
Besser and Miller, 2001; Jenkins, 2004; Castka et al., 2004; Salzmann et al.,
2005). For example, Jenkins (2004) examined the relevance of the social
responsibility programme for SMEs. Based on his analysis, the author
highlighted the need to develop new terminology and interpretations of CSR
that are more relevant to the characteristics of SMEs in order for it to be
integrated into everyday life.
2006-2010: This period saw an increase in the academic literature on
practices promoting responsible behaviour in SMEs, ranging from reactive
compliance practices to proactive responsibility practices. These studies
revealed that the unique characteristics of SMEs are correlated with the
organizational capabilities that drive the adoption of responsible practices,
e.g. closer interactions between SMEs' stakeholders, flexibility, and the
founder's vision (Aragón-Correa et al., 2008). The latter is also conditional
on individual discretion (Hammann et al., 2009), altruism and philanthropy
(Jamali et al., 2009). Thus, the social responsibility aspect of SMEs remained
largely informal (Preuss and Perschke, 2010) or unintended (Perrini et al.,
2007). At this stage, academics also showed great interest in sustainable
innovation practices linked to environmental strategies, such as life cycle
analysis to measure environmental impact (Dangelico and Pujari, 2010; BosBrouwers, 2010) and the performance of SMEs (Rhee et al., 2010).
2011-2015: This period saw the emergence of a theoretical framework for
responsible research and innovation (Von Schomberg, 2012; Stilgoe et al.,
2013), as well as an increase, with 8 articles, in academic interest in
demonstrating the impact of practices that promote responsible behaviour in
SME performance. The examined studies were on the adoption of pro-
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environmental practices (Cassells and Lewis, 2011; Brammer et al., 2012;
Hofmann et al., 2012) and their impact on performance (Tang and Tang,
2012; Agan et al., 2013), and the relationship between CSR and performance
in SMEs (Torugsa et al., 2012; Tantalo et al., 2012; Tang et al., 2012; Torugsa
et al., 2013), among others. Particularly prominent among the research during
this period were studies to understand the relationship between innovations
and sustainability in SMEs (Boons and Lüdeke-Freund, 2013; Gaziulusoy et
al., 2013)
2016-2020: This period had the highest number of publications (70 articles)
and a growing academic interest in practices related to and promoting
responsible innovation in SMEs. During this period, some authors recognized
that although SMEs are largely unaware of the concept of responsible
innovation, they may be able to identify which current practices share aspects
of RI as a starting point (Auer and Jarmai, 2018). For example, the study by
de Poel et al. (2017) found that there is a need for a comprehensive vision of
responsible innovation, i.e. that in addition to being connected to CSR
activities, its contribution in social, environmental and economic terms can
be identified. Regarding the contribution of social, environmental and
economic factors, many authors examined their effect on the performance of
SMEs (25 articles). In addition to these studies, this period witnessed the
increasing development of models and debates to apply responsible
innovation to the business context (6 articles). These models enabled analysis
of the dimensions of responsible innovation in the business context
(Lubberink et al., 2017), as well as the involvement of stakeholders. For
example, Silva et al. (2019) used a meta-synthesis to highlight how, in the
business context, stakeholders should be included early in the innovation
process in order to ensure responsible outcomes. During this period, there
was an increase in case studies on CSR and SI to demonstrate that their
application is related to SME performance. For example, Martinez-Conesa et
al. (2017) presented a detailed case to examine the relationship between CSR
and innovation-mediated business performance of 552 Spanish SMEs, and
their results may help to understand how CSR strategy is a mechanism that
drives the innovation process towards responsible results. Meanwhile, the
study by Burlea-Schiopoiu and Mihai (2019) investigated the relationship
between three sustainability factors (CSR, innovation and training) and their
effects on the financial performance of SMEs, arguing that CSR, training and
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innovation are significant and correlated factors in the promotion of
competitive advantage in SMEs. Although this period saw an increase in RI
research and the practices that promote it, in the context of industry it is still
in its infancy, and especially when it comes to SMEs.
3.4.3. Associated communities
Figure 9 represents a network of the articles mentioned. The idea behind this
analysis was to explore the clusters that share key references and to
understand their relationships. We performed this reference network analysis
with the help of the open source software Gephi. Each colour of the network
represents a cluster and each link between two nodes indicates that the
reference appears in the same article. The thickness of the link is proportional
to the number of times the two references appear in the same article. The
results of the Gephi display showed four clusters: the first (C1) is purple and
represents 40% of all articles, the second (C2) is green with 30%, the third
(C3) is orange with 20% and the fourth (C4) is light blue with 10%. Based
on the result found with the Gephi software, the obtained clusters are
described by referring to relevant studies that promote responsible innovation
in SMEs such as: C1 responsible innovation drivers in SMEs, C2 genuine
silent responsibility practices, C3 innovation framework based on a
responsibility approach, and C4 social responsibility practices and
performance in SMEs.
Cluster 1: Responsible innovation drivers in SMEs
Of the 102 articles, C1 are the most cited with 40%. The group with the
highest number of key references includes studies on environmental
responsibility activities, their impact on performance, and the motivations
that promote SMEs to adopt environmentally and socially responsible
environmental response practices, ranging from reactive compliance to
proactive prevention of environmental pollution, associated with
organizational capabilities and that in the long term are conducive to better
performance, including image and competitive advantage (Agan et al, 2013;
Bansal and Roth, 2000; Halme and Korpela, 2014; Aragón-Correa et al.,
2008). An examination of how some stakeholders perceive corporate
responsibility has attracted the attention of researchers (Pandza and Ellwood,
2013), including the focus and impact among stakeholders, the relationship
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between corporate performance and stakeholders, the power differences of
stakeholders able to influence corporate responsibility and consequently
environmental performance in SMEs (Jain et al., 2016; Tang and Tang, 2012;
Sen and Cowley, 2013; Madueno et al., 2016). Some of the associated
internal strategic and operational measures include learning orientation,
training, regulation, market dynamism, public concern, competitive intensity
and innovation. Several studies related to CSR practices have shown a
positive effect on performance and competitive advantage in SMEs
(Ratnawati et al., 2018; Leonidou et al., 2017; Burlea-Schiopoiu and Mihai,
2019; Li et al., 2019). Importantly, attention has been given to issues related
to environmental performance. For example, the study by Hang et al. (2019)
concluded that causality between environmental and financial performance
depends on the time horizon, i.e. while environmental performance has no
short-term effect, it will be significant for a company's long-term financial
performance, which is significant as it encourages managers to maintain a
proactive environmental policy as well as not to abandon investments if
financial success is not immediately visible. This can also be illustrated by
Leonidou et al. (2017), who found that regulation, market dynamism, public
concern and competitive intensity are all factors that help to positively
moderate the effect of green business strategies on a small company's
competitive advantage.
Cluster 2: Genuine silent responsibility practices
The nodes identified within this cluster include a different and discrete profile
of SMEs when addressing corporate responsibility, sustainability-oriented
innovation and business performance. The authors used various methods to
analyse different operational dimensions in the supply chain (Dey et al.,
2020; Ghadge et al., 2017) from management practices and environmental
sustainability (Brammer et al., 2012; Cassells and Lewis, 2011; Dangelico
and Pujari, 2010) to sustainability-oriented innovation practices (Jones and
de Zubielqui, 2017; Jansson et al., 2017) that explain the commitment to
sustainability in SMEs. An overview of the literature associated with
sustainable development in SMEs has attracted major attention from Hsu et
al. (2017), who identified key performance factors (such as reducing
employee turnover, increasing employee productivity, and improving
manufacturing processes) that are capable of creating business efficiency.
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Similarly, some authors point out that the environment, social development,
and economic development factors, together with multiple stakeholders
(Khan et al., 2020) create economic value in the firm (Choongo, 2017;
Hammann et al., 2009; Jenkins, 2006).
Moreover, the discretionary and silent approach by SMEs to corporate social
responsibility attracted the interest of several authors. For example, the study
by Baumann-Pauly et al. (2013) found that SMEs involved in CSR activities
limit external communication and reporting, unlike large companies.
According to the study by Lee et al. (2016), this is due to the lack of resources
and management capacity of SMEs. Moreover, even though many SMEs are
involved in CSR activities, these actions have not been thought of in those
terms, but rather, have been driven by legitimate individual concerns. For
example, the study by Bansal and Roth (2000) found that the factors
motivating companies to respond ecologically are influenced by conditions
such as individual concern that respond to proposed values and principles in
a gradual manner and inspired by a mix of personal and cultural motivations
of SME founders and senior managers, who according to Jenkins (2004)
"unknowingly are responsible". In fact, this can be illustrated by the informal,
altruistic and philanthropic nature of these discretionary personal values
(Jamali et al., 2009; Lee et al., 2016; Perrini et al., 2007; Preuss and Perschke,
2010). In contrast, Williams and Schaefer (2013) stated that although there
is greater awareness and understanding among SME managers about climate
change, translating that awareness into practical action is difficult, mainly
because of their scepticism about how their actions "might impact on the big
picture". Therefore, as the study by Stahl et al. (2019) highlighted, it is
important for companies to understand that they are not separate from society
but part of it. This can be achieved, according to the study by Dossa and
Kaeufer (2014), through internal discussions among employees in order for
them to articulate the reason for the company's existence and its role in
society.
SMEs continuously seek to use simple language such as "operating the
business ethically" to explain the concepts related to corporate responsibility
(Sen and Cowley, 2013). In that regard, the appropriateness of the term
"corporate" responsibility in the context of small and medium enterprises that
differ in many aspects from large companies has been criticized, while a

61

focus on the practical aspects of its internal application has been suggested,
whereby according to the study by Jenkins (2006) a more suitable
terminology for SMEs, such as "responsible business practice", would
improve understanding.
Cluster 3: Responsible innovation framework
Cluster 3 is composed of 20% of the nodes, which represents the framework
for innovation based on a responsibility approach (Owen et al., 2012) with
the proposal of at least four integrated dimensions - anticipation,
reﬂexiveness, inclusion and responsiveness - (Stilgoe et al., 2013). The
authors also focused on investigating both organisational and sustainable
innovations (Boons and Lüdeke-Freund, 2013), rooted in deeper socioeconomic contexts of sustainable products and service developments (Boons
et al., 2013) that help companies of different sizes and sectors think about the
challenges and societal values that lead to benefits from the outset, especially
when these have been included in the early stages of product development
(de Poel et al., 2017). Although there is still tension between the RI ideal and
its application in the business context (Brand and Blok, 2019), identification
of the main challenges (Ribeiro et al, 2018) and the drivers that could also
become obstacles within the RI process (Auer and Jarmai, 2018), it has
become a shared endeavour, and one that could link the innovation process
with the concept of responsibility and early stakeholder engagement (Silva
et al., 2019) in order to ensure responsible and sustainable results in the short,
medium and long term (Gaziulusoy et al., 2013).
Cluster 4: Social responsibility practices and performance in SMEs
The final cluster with 10% of the references is characterized by studies that
analysed the relationship between CSR and performance in SMEs. Previous
research has empirically shown that CSR activities in SMEs are a potential
driver of a company's performance (Madueno et al., 2016; Martínez-Martínez
et al., 2017; Moneva-Abadía et al., 2019) and that this positive and significant
relationship in micro, small and medium-sized enterprises is moderated by
the size of these organizations; the larger the size, the stronger the
relationship (Hernández et al., 2020). There are also studies that consider this
relationship to be partial (Martinez-Conesa et al., 2017) or even positive but
weak (Orlitzky et al., 2003).
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An analysis of the relationship between socially responsible human resources
and the competitive performance of SMEs has also attracted the interest of
studies, such as Sancho et al. (2018). Related theories, such as stakeholder
theory, were investigated. In the new era, a firm's responsibilities have to be
extended to other stakeholders, which will help foster positive changes in
profits in the long term (Canh et al., 2019). Innovation as mediation in the
relationship between CSR practices and performance has been studied by
Ratnawati et al. (2018), where it was found that CSR programming can be
used as a means to encourage innovation in SMEs as well as having a
significant effect on learning and performance orientation. This is also
illustrated in the study by Zhu et al. (2019), which found that innovation is a
driver of environmental performance. Similarly, the study by Chege and
Wang, (2020) found that management innovation and employee involvement
in environmental protection practices has a positive impact on SME
performance. Other topics in this group included an analysis of stakeholders
and their relationship with CSR practices, innovation and performance in
SMEs.
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Figure 9. Network of article citations by references

3.5. Theoretical framework based on the literature
According to Stilgoe et al. (2013), a responsible innovation strategy must
take into account at least four dimensions of the process, namely anticipation,
reflexiveness, inclusion, and responsiveness. In addition to these, there is the
knowledge management dimension, which was identified as relevant in the
business context in the study by Lubberink et al. (2017) and which is included
in the analysis of the literature in this study. In fact, and according to de Poel
et al. (2017), a responsible innovation strategy should not only include the
four dimensions but its use and priority will depend on the technology and
company that applies it and could therefore be different in each case. Thus,
in this section, on the one hand, we analyse the responsible innovation
dimensions in the context of SMEs and, on the other hand, we analyse their
relationship with the business performance in SMEs in addition to the other
components of the theoretical model proposed in this study, such as the
contingent variables, facilitators, and stakeholders identified in the process.
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3.5.1. Dimensions of responsible innovation
3.5.1.1. Anticipation

Anticipation involves systematic thinking in order for organisations to
consider uncertainty, the possibility of something happening or not
happening, what is possible, risk (Stilgoe et al., 2013), and an overview of
possible outcomes and alternatives (Fraaije and Flipse, 2020). RogersHayden and Pidgeon argued that "anticipation processes must be timely so
that they are early enough to be constructive but late enough to be
meaningful" (as cited in Stilgoe et al., 2013, p. 1571). In the editorial
presented by Martinuzzi et al. (2018) on RRI in industry certain challenges,
perspectives and prospects illustrate how systematically anticipating
problems helps companies to regain confidence and legitimacy, which drives
their capacity for socially responsible impact. Under these circumstances,
previous research can show whether determination of the desired impacts and
outcomes of innovation is an anticipated activity in SMEs.
Determining the desired impacts and results of innovation: Responsible
actions in the context of SMEs are the result of unplanned actions. The study
by Cassells and Lewis (2011) found that although 80% of owner-managers
stated that they were aware of the potential environmental risks arising from
the work they do, only 87% agreed that regulation alone cannot protect the
environment without voluntary actions by companies. Environmental
practices are therefore associated with a potential financial benefit rather than
being motivated by environmental protection, so processes are fortuitous
rather than expected results. Then, in order to improve the impact of socially
responsible activities in SMEs the study by Stoian and Gilman (2017)
highlighted the need for specific strategies and policies. However, the study
by Auer and Jarmai (2018), who explored the drivers of and barriers to
incorporating responsible research and innovation in SMEs, found six drivers
of RRI that relate to previous studies on eco-innovation and sustainable
innovation. Of these, for example, laws, regulations or certifications could be
drivers according to El Baz et al. (2016) and Li et al. (2016) but also possible
barriers to the implementation of RRI when the regulatory approach is not
clear (Dangelico and Pujari, 2010), or there is no specific regulation (Stahl et
al, 2019), or there is too much legislation to comply with. For example,
environmental legislation can lead to owner-manager indecision (Cassells
and Lewis, 2011), so the business response appears to be largely regulatory
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rather than empirical (Williams and Schaefer, 2013). Moreover, there are
limitations on governance models in relation to techno-scientific
developments (Stilgoe et al., 2013). Consequently, responsible innovation
needs to be supported or even initiated by institutionally powerful actors (e.g.
government, funding agencies) in order to change perceptions and make it
possible to unambiguously articulate the theories with the practice of SMEs
(Dangelico and Pujari, 2010; Ghadge et al., 2017; Halme and Korpela, 2014;
Pandza and Ellwood, 2013; Perrini et al., 2007; Tang and Tang, 2012). For
example, Tilley's study argued that "government was expected to take a
leadership role in relation to the environment" (as cited in Lepoutre and
Heene, 2006, p. 268). On the other hand, Jansson et al. (2017) argued that the
implementation of policies and regulations requiring greater consideration of
social and environmental sustainability issues could generate serious
resistance in SMEs, as they are reluctant to adopt regulation on a voluntary
basis and hence respond less proactively (Jenkins, 2004; Tang and Tang,
2012). However, according to the study by Agan et al. (2013), regulation
seems to be a low-level driver because it is drafted in general terms and is
often not appropriate for SMEs. Therefore, despite institutional and cultural
resistance to anticipation (Stilgoe et al., 2013), previous research suggests
that governments have an important role to play in developing and enforcing
its regulation, in addition to the necessary support for socially and
environmentally responsible SMEs (Jenkins, 2006; Ghadge et al., 2017).
3.5.1.2. Reflexiveness

Responsibility requires reflexivity on the part of actors and institutions, and
refers to the process of self-awareness, rather like holding up a mirror to
scrutinise oneself (Stilgoe et al., 2013), in order to understand the social
aspects of an innovation (Fraaije and Flipse, 2020). The study by Lubberink
et al. (2017) refers on a practical level to actions such as values and
motivations, knowledge and perceived realities for responsible actions.
However, past literature on SMEs refers to values and motivations as
perceived realities for their responsible actions.
Values and motivations: According to the study by Auer and Jarmai (2018),
SMEs' motivations for responsible innovation can be manifold, including, for
example, motivations related to cost reduction practices (Cassells and Lewis,
2011), compliance with standards (Dangelico and Pujari, 2010), consumerist
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or instrumental matters (Li et al., 2019), competitiveness, legitimacy and
personal commitment (Williams and Schaefer, 2013). The studies by Jenkins
(2006) and Dangelico and Pujari (2010) showed that awareness of the role
and power of business in society, mostly based on moral and ethical
arguments i.e. doing "the right thing", that "everyone has a responsibility to
do what they can", is significant, because researchers have found that it leads
to the recognition of the active and primary role of employees (Li et al, 2019).
This moral and ethical culture encourages them to perform their tasks and
responsibilities in a more committed and satisfying manner (Tantalo et al.,
2012; Jain et al., 2017). Furthermore, even though some empirical studies
indicate that owner-manager values can be a decisive motivation for adopting
socially responsible practices (Brammer et al., 2012; Burlea-Schiopoiu and
Mihai, 2019; Jain et al., 2016; Jamali et al., 2009; Jenkins, 2006; Preuss and
Perschke, 2010) among others, these individuals do, after all, have the
potential to significantly influence company strategies and culture (Jansson
et al, 2017). However, the extent to which this positive attitude is turned into
action is not clear (e.g. Cassells and Lewis, 2011). On the other hand, such
moral and ethical arguments can also have an impact on social improvement
in local communities (Jamali et al., 2009) and vice versa, the latter especially
when the cultural influence of the local community is so strong that it is able
to displace the personal values of the small business owner-manager (as
quoted in Lepoutre and Heene, 2006, p. 260).
3.5.1.3. Inclusion

Inclusion refers to stakeholder participation (Stilgoe et al., 2013; Lubberink
et al., 2017). Studies relate inclusion to practices that promote: (a)
stakeholder engagement at different stages; (b) increased commitment and
contribution.
The participation of stakeholders at different stages is considered imperative
for the responsible innovation process (Silva et al., 2019). Previous studies
on responsible innovation, sustainable innovation and corporate social
responsibility in SMEs have well established that social interaction and
strong owner-manager relations with stakeholders contribute to responsible
behaviour and the integration of strategies in SMEs (Perrini et al., 2007; Sen
and Cowley, 2013), which in turn means more opportunities to reap the
benefits of such responsible behaviour (Lepoutre and Heene, 2006). Previous
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studies also report that small firms will often depend on the responsible
behaviour of their peers to generate such behaviour (Lepoutre and Heene,
2006), or on the quality of personal relationships between the owner-manager
and various stakeholders (Jenkins, 2004). This is illustrated in the study by
Preuss and Perschke (2010), who recognised that such behaviour mainly
focuses on the values of owner-managers, thus acknowledging the wider
circle of influence of decision makers than just the owner-manager, as also
shown in the study by Cegarra-Navarro et al (2016) where it is stated that
corporate social responsibility implies involvement of multiple internal and
external stakeholders to generate favourable attitudes, as well as better
supportive behaviours as reported in the study by Sen and Cowley (2013). In
this line, this inevitably corroborates the relationship between the inclusion
process and power issues (Stilgoe et al., 2013), i.e. the stakeholder’s power
over the company to engage in responsible behaviour and the power of a
company to counteract that stakeholder (Tang and Tang, 2012). Stakeholders
have therefore been defined as "groups that can and may be affected by an
organisation's actions because they share with it certain demands or
expectations," and they can be internal (owners, employees) and external
(customers, government, competitors, suppliers, etc.), and they have been
described and analysed in various literature studies such as (Jain et al., 2016;
Jamali et al., 2009; Jansson et al., 2017; Sáez-Martínez et al., 2016; Tang and
Tang, 2018), among others.
Increased commitment and contribution: SMEs within their responsibility
programmes apply practices that are compatible with stakeholder
expectations. For example, Hammann et al. (2009) argued that socially
responsible practices, which are based on someone's personal values, lead to
the creation of economic value. That study also found that executives can
more easily express their values to internal stakeholders, such as employees,
and closer external stakeholders, such as customers, than they can to an
abstract group such as society. Previous studies have also recognised that the
relationship between owners-managers and stakeholders at all levels is a
strategic approach (Perrini et al., 2007; Ortiz-Avram et al., 2018) related to
increased commitment, trust, a better working environment (Preuss and
Perschke, 2010; Hsu et al., 2017) and, consequently, greater competitive
advantage (Sancho et al., 2018; Jamali et al., 2009). However, the study by
Silva et al. (2019) also showed that stakeholders are included at a late stage
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of the innovation process, when the product or service is already on the
market, which allows for some adaptation of solutions, but in a limited
manner. Silva therefore proposes the creation of a design space that allows
for early inclusion of multiple stakeholders. Likewise, Khan et al. (2020)
argues for the early inclusion of stakeholders, who may have divergent
opinions in the innovation process, but must be included in order to ensure
responsible results in the business context. In that line, and even if
participants do not undertake social activities on their own, the motivation to
do so will underlie the establishment of relationships and networks with other
members (Sen and Cowley, 2013) as "business champions," namely a series
of people who give their time, expertise and support to other businesses
(Jenkins, 2006).
3.5.1.4. Responsiveness

Responsiveness means responding to newly emerging knowledge,
perspectives, users’ views (Stilgoe et al., 2013) and stakeholders on the
innovation process in order to make responsible decisions (Fraaije and Flipse,
2020), and thus adapt innovation to change and new requirements (de Poel et
al., 2017). Responsiveness is explicitly linked to inclusion. However, and
given the previous point where the anticipation dimension is an unforeseen
process in SMEs, the study by de Poel et al. (2017) proposes a conceptual
model that integrates responsible research and innovation into corporate
social responsibility policies, highlighting that under these circumstances,
responsiveness may be a more reliable strategy. Some key activities within
this dimension that are likely to improve responsiveness in SMEs are: 1)
ensuring that one can respond to changes in the environment, 2) real response
to changes in the environment, 3) addressing major challenges, 4) mutual
response.
Ensuring that one can respond to changes in the environment: Hsu et al.
(2017) explained that the most important factors in priority order are
environment, social development and economic development. In that regard,
employees, with the criterion of reducing the incidence of health and safety
problems, are a key factor for improving the performance of SMEs, as noted
by Jansson et al. (2017), especially when they are involved in sustainable and
responsible innovation processes (Reverte et al., 2016). Similarly, the
European Commission's innovation policy recognized this link: "Innovation
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must be organized in a way that not only supports the acceptance of change,
but also offers opportunities in human resource management, leading to
higher productivity" (European Commission, 2006). Previous studies on this
subject state that some organizational and managerial characteristics of
SMEs (e.g. informal, flexible communication style, fewer hierarchical levels)
are favourable to their responsiveness to the changing needs of the enterprise
and its stakeholders (Torugsa et al, 2012). So, as a result, these personal
attitudes may affect the socially responsible behaviour of SMEs (Brammer
et al., 2012), as dictated by needs, in addition to improving their capacity for
innovation (Jenkins, 2006), and proactivity responding to socially
responsible and environmental activities (Aragón-Correa et al., 2008; OrtizAvram et al., 2018; Sáez-Martínez et al., 2016; Sancho et al., 2018) among
others.
Real response to changes in the environment: Boons and Lüdeke-Freund
(2013) found that a sustainable business model is a mediator for innovations
in SMEs, the latter being able to create "responsible innovations" despite
limitations on such resources as ﬁnancial capital, skills, and social capital
(Halme and Korpela, 2014). For example, a company that produces and sells
light bulbs will be able to switch from conventional ones to energy-saving
bulbs. Similarly, Starbucks aims to have 100% recyclable or reusable cups,
and new standards have come into force in China to encourage the
development of sustainable packaging (Dangelico and Pujari, 2010). China
is also the first country to ban the production, sale and use of plastic bags that
are less than 0.025 mm thick (Tang and Tang, 2012). On the other hand,
studies have also shown that the relationship between awareness, attitude and
responsible adoption practices of many SME owner-managers is not
determined by a positive attitude. In fact, some are inclined to shun a
responsibility that they feel should be assumed by the government (Cassells
and Lewis, 2011). This is worth mentioning because the study by Ghadge et
al. (2017) explained that three major external drivers, namely government,
competitors and customers, significantly influence and drive the need for
improved responsible practices.
Addressing the big challenges faced by society promotes responsible
innovation in SMEs. Previous research suggests that the driving of social,
environmental and economic activities to incorporate responsible research
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and innovation in SMEs implies reconsideration of the role of business in
society (Auer and Jarmai, 2018; Reverte et al., 2016). Examples of how
previous literature has responded to social, environmental and economic
problems include: the study by Halme and Korpela (2014) which showed that
despite the limited resources of SMEs, they can create "responsible
innovations" by combining resources such as equity, cooperation, networks,
knowledge and reputation. Likewise, Bartolacci et al. (2020) revealed that
one research topic is innovation and impact on the sustainability of SMEs.
The study by Li et al. (2019) found that the effect of environmentally friendly
activities influences the performance of service innovation only when it is
mediated by advanced dynamic capacity15. Ratnawati et al. (2018) found that
a social responsibility programme, on the one hand, has a significant effect
on learning orientation, innovation and performance and, on the other,
promotes innovation. Bos-Brouwers (2010) revealed that sustainable
innovation can be explained by different levels of sustainability embedded in
innovation processes for new product development and cooperation with
stakeholders. Jones and de Zubielqui (2017) found that the transfer of human
resources from higher education institutions to SMEs has a significant
positive effect on innovation capacity, which on one hand is positively
related to the company's performance, and on the other hand supports the
argument for sustainability. Dangelico and Pujari (2010) revealed that the
green product development process for energy minimization, materials
reduction, and pollution prevention are part of different companies’
motivations to develop green products. Moreover, Hofmann et al. (2012)
found that the adoption of advanced technology, collaboration with
customers and suppliers, innovation capacity and strategic benefits can
provide SMEs with capabilities that help them to address environmental
challenges. Burlea-Schiopoiu and Mihai (2019) stated that CSR, training and
innovation are significant and correlated factors to promote competitive
advantage in SMEs, among others.
Mutual response: Responsibility is not only found at the level of government
or industrial organizations, but also implies responsibility at the level of
individual small businesses (Lepoutre and Heene, 2006). In practice,
previous studies such as those by Mendibil showed that SME social
15

Dynamic capacity is the "ability of the firm to integrate, build and reconﬁgurate internal
and external competencies to cope with rapidly changing environments" (Li et al., 2019).
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responsibility and innovation seem to create a synergy with the strong
commitment of stakeholders to contribute to innovation capacity and
company competitiveness (as cited in Reverte et al., 2016, p. 2872). Thus,
willingness to recalibrate responsibilities in order to maintain stakeholder
relations is another example from the previous paragraph to promote a mutual
response among SMEs, as they seek to cohere with other SMEs in order to
promote better performance in their social practices (Tang and Tang, 2012).
3.5.1.5. Knowledge management

Previous research shows that although there is a lack of knowledge among
SMEs, different activities are undertaken to create, share, transfer and apply
it through their members (Jain et alal., 2017). The previous literature mainly
refers to two key activities in SMEs, which is knowledge creation and
development as studied by Lubberink et al. (2017).
Knowledge creation and development: While corporate responsibility
activities in SMEs have been recognised as drivers of knowledge creation
and exchange (Li et al., 2019), it is also recognised that they have the
potential to become operational and competitive benefits (Cegarra-Navarro
et al, 2016). For instance, knowledge management and transfer, which
together with capacity constitute an opportunity for improvement of
employees' skills and knowledge (Tantalo et al., 2012; Sancho et al., 2018;
Agan et al., 2013), among other studies. Due to the importance of the
knowledge management dimension for SMEs, extensive information taken
from the literature review is presented in the following paragraphs.
Ratnawati et al. (2018) argued that a social responsibility programme is
positively related to learning orientation, which is significant for SMEs
because it fosters development learning mechanisms by improving skills,
processes, resources, and services aimed at their adaptation to change.
Learning orientation is viewed as a process of developing employees’
competences, skills and knowledge to help SMEs to boost competitiveness
(Rhee et al., 2010) and according to Liu it is used as a tool for SMEs to create
community and foster their relationships (as cited in Ratnawati et al., 2018,
p. 23S). Likewise, the study by Burlea-Schiopoiu and Mihai (2019) argues
that through socially responsible activities, SMEs can promote
multidimensional relationships with a variety of external agents (e.g. other
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private companies, universities, research centres, public authorities and
community leaders) to voluntarily share information, ideas and knowledge in
local networks with their peers as shown by Jenkins, (2006) and Ortiz-Avram
et al (2018), among other studies. They trust the aforesaid agents more than
advisory organizations (Williams and Schaefer, 2013) and are therefore more
likely to recognize responsibility issues and ways to address them (Lepoutre
and Heene, 2006), observe trends and open up markets that otherwise could
not be explored (Sen and Cowley, 2013). Furthermore, collaborative
networks play an important role in the innovation processes in SMEs as stated
in the study on drivers and barriers to incorporating responsible research and
innovation in SMEs by Auer and Jarmai (2018). SMEs are therefore urged to
recognize and pay close attention to the improvement of labour resources and
cooperation efforts, i.e. to emphasize strategic developmental relationships
between important stakeholders (Jenkins, 2006), because the more
cooperation there is, the greater the impact of sustainable innovations (BosBrouwers, 2010).
3.5.2. Relationship of responsible innovation with performance
Analysis of the articles that measured responsible innovation practices
against the organization's performance (37 articles) uses various indicators,
including quantitative (e.g. ROA, productivity, sales growth, market share,
etc.) as well as qualitative (e.g. customer satisfaction, brand image and
corporate reputation, employee motivation, etc.) performance indicators and
from different fields of innovation, such as empirical work and literature
reviews. Performance indicators related to responsible innovation practices
are less frequent, but previous research has considered these and this study
groups them according to the classification proposed by de Poel et al. (2017)
(see Table 2).
Responsible innovation efficiency in a company depends on its strategy to
seek, on one hand, added value for society, and also to make profits (de Poel
et al., 2017). Moreover, according to the same article, although strategies
linked to practices that drive responsible innovation, such as CSR and SI,
promote potential organizational performance, these strategies must shift
from their conservative, philanthropic, defensive way of addressing social,
environmental and ethical issues towards a progressive way of "doing good".
For example, some authors measured performance by considering financial
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and non-financial indicators and revealed a positive causal link. An empirical
example is the study by Reverte et al. (2016) who investigated the mediating
role of innovation in the relationship between social responsibility and
organizational performance in SMEs in Spain. They revealed that social
responsibility practices have a direct, positive and significant effect on both
innovation and organisational performance, covering both financial (such as
the level of sales growth; the level of ROE; ROA; market share; level of
productivity) and non-financial (the quality of products and/or services
offered) indicators; technological position and coordination of internal
processes; coordination and organisation of human resources; degree of
customer satisfaction; degree of adaptation to changing market needs; brand
image and corporate reputation; employee motivation; staff turnover; and
staff absenteeism). They also reported that long-term benefits are reflected
either internally, externally or both: internally by helping to develop new
resources and capabilities that relate to technical knowledge and business
culture, and externally by being linked to companies’ reputation which in
turn improves relationships, attracts better employees or increases their
motivation and commitment; or both. Social responsibility hence positively
influences organisational performance. Torugsa et al. (2012) revealed that
specified capabilities (such as shared vision, stakeholder management and
proactivity) share a positive association with proactive social responsibility,
which in turn improves company's financial performance. They also reported
that SMEs can maximize their financial benefits while proactively moving
towards corporate social responsibility. Similarly, Aragón-Correa et al.
(2008) found a significantly positive relationship between proactive social
responsibility related to the environment and financial performance in SMEs.
The study by Hammann et al. (2009) on the relationship between socially
responsible practices in SMEs and value creation towards stakeholders found
that socially responsible practices towards employees, customers and, to a
lesser extent, society, have a positive impact on the company and its
performance.
Previous research also showed a positive but weak relationship between
social responsibility activities and financial performance. For example, the
study by Jain et al. (2016) found a significant but weak positive relationship
between social responsibility and financial performance, which is similar to
the findings by Orlitzky et al. (2003). The indicators used were: the
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company's profit margin; satisfaction with the change in profit margin;
company sales and long-term consequences. The model explained 81% of
the variance in customers, 78% of the variance in employees, 82% of the
variance in environment and 67% of the variance in community. Although
this last argument showed that corporate social responsibility contributed
positively to different stakeholders, it is not designed in terms of money or
personnel that can be deployed in such activities. What this means is that
CSR is not considered a strategic commitment for most SMEs or a legal
obligation and therefore remains philanthropic and not institutionalised.
Another way of measuring performance has been related to certain indicators
of responsible innovation. Previous research has considered aspects related,
for example, to diversity and inclusion, and has shown that positively
improving employees' individual performance, satisfaction and commitment
contributes to organizational performance (Sancho et al., 2018). The study
by Khan et al. (2020) analysed the effect of sustainable social responsibility
dimensions related to employees, environment, community, suppliers and
customers on performance in SMEs. The results revealed that managing the
relationship with a company's key stakeholders has a significant positive
influence on sustainable competition and business performance. In addition,
the need to take multiple stakeholders seriously, and not just owners, was
highlighted. Similarly, Choongo (2017) found that while the social and
environmental dimensions of socially responsible practices in SMEs have a
significant impact on financial performance, performance measures related
to corporate reputation and employee engagement were only partially
significant because employee engagement can be negatively affected when
there is no investment in employee training and development. Meanwhile,
the study by Ratnawati et al. (2018) examining the effect of learning
orientation and innovation in mediating social responsibility on performance
and competitive advantage in SMEs revealed that social responsibility
activities have a significant effect on learning orientation, innovation and
performance in SMEs. In the same vein, the study by Burlea-Schiopoiu and
Mihai (2019) investigated the relationship between three sustainability
factors (CSR, innovation and training) and their effects on competitive
advantage of SMEs in Romania. The study found that employee training,
innovation and social responsibility practices are significant and correlated
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factors in promoting competitive advantage in SMEs. To summarise, Table
12 shows the performance indicators identified in the literature review.
Table 12. RI Performance Indicators in SMEs

Firm performance
Sales growth
Profitability
Financial indicators
Market share
Customer satisfaction
Innovation performance
Benefits/utility
RI performance
Environmental sustainability
Social sustainability
Diversity and inclusion
Anticipation and reflection

3.5.3. Contingent variables affecting responsible innovation and
performance relationship in SMEs
The main variables identified and treated in the literature as control variables
and mediating variables were included in the relationship between practices
that promote responsible innovation and performance in SMEs as: Size
(Agan et al., 2013; Aragón-Correa et al., 2008; Besser and Miller, 2001;
Brammer et al., 2012; Burlea-Schiopoiu and Mihai, 2019; Canh et al., 2019;
Cantele and Zardini, 2018; Cassells and Lewis, 2011; Choongo, 2017;
Hernández et al., 2020; Hofmann et al., 2012; Jain et al., 2016; Khan et al.,
2020; Madueno et al., 2016; Martínez-Martínez et al., 2017; McWilliams and
Siegel, 2000; Muñoz-Pascual et al., 2019; Preuss and Perschke, 2010;
Reverte et al., 2016; Sáez-Martínez et al., 2016; Sancho et al., 2018; Stoian
and Gilman, 2017; Tang et al., 2012; Tang and Tang, 2018, 2012; Tantalo et
al., 2012; Torugsa et al., 2013, 2012); industry (Agan et al., 2013; Bansal and
Roth, 2000; Besser and Miller, 2001; Burlea-Schiopoiu and Mihai, 2019;
Cantele and Zardini, 2018; Hofmann et al., 2012; Hull and Rothenberg, 2008;
Jain et al., 2017, 2016; Leonidou et al., 2017; McWilliams and Siegel, 2000;
Muñoz-Pascual et al., 2019; Perrini et al., 2007; Reverte et al., 2016; SáezMartínez et al., 2016; Stoian and Gilman, 2017; Tang et al., 2012; Tantalo et
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al., 2012); age (Besser and Miller, 2001; Cassells and Lewis, 2011; Choongo,
2017; Hofmann et al., 2012; Hoogendoorn et al., 2015; Jain et al., 2016; Khan
et al., 2020; Muñoz-Pascual et al., 2019; Reverte et al., 2016; Stoian and
Gilman, 2017; Tang and Tang, 2018, 2012); innovation (Aragón-Correa et
al., 2008; Canh et al., 2019; Cegarra-Navarro et al., 2016; Hadj, 2020; Hull
and Rothenberg, 2008; Jones and de Zubielqui, 2017; Kraus et al., 2017;
Martinez-Conesa et al., 2017; Martínez-Martínez et al., 2017; MonevaAbadía et al., 2019; Ratnawati et al., 2018; Reverte et al., 2016; Zhu et al.,
2019); country (Bansal and Roth, 2000; Perrini et al., 2007; Sáez-Martínez
et al., 2016); corporate strategy (Reverte et al., 2016; Stoian and Gilman,
2017); learning orientation (Ratnawati et al., 2018; Rhee et al., 2010);
employee's commitment (Choongo, 2017; Sancho et al., 2018); and relational
marketing (Martínez-Martínez et al., 2017; Sancho et al., 2018).
3.5.4. Responsible innovation antecedents and enablers
Some facilitators were identified in the literature related to the practices that
promote RI in SMEs such as, organisational flexibility, shared collective
vision and internal and external drivers. Organizational flexibility allows
SMEs to respond more quickly to changing circumstances in the business
environment, which is identified as favourable to the implementation of CSR
practices because they are not tied to the bureaucracy of relationships in both
the internal and external environment (Jenkins, 2004; Burlea-Schiopoiu and
Mihai, 2019). Brammer et al (2012) found that while most medium-sized
enterprises appear to be engaged in a wide range of environmental initiatives
(e.g. the development of environmental policies and mission statements,
recycling and waste management programmes, and the auditing of
environmental impacts.), most small companies are involved in only a few
initiatives, which means on the one hand that there is a significant
heterogeneity in the participation of SMEs, and on the other hand that their
flexibility allows them to easily adapt to local market challenges, thus,
responding to changing environments and competitors' actions (AragónCorrea et al, 2008). On the other hand, another identified facilitator is the
shared collective vision. The same study by Aragón-Correa et al. (2008)
found that environmental strategies adopted by SMEs range from reactive
compliance with regulations to proactive prevention of environmental
pollution, associated with organizational capacities such as: shared vision,
stakeholder management and strategic proactivity. It also revealed that the
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organizational capacities that drive the adoption of environmental strategies
are correlated with the unique strategic characteristics of SMEs such as:
shorter communication lines and closer interaction within SMEs, the
presence of a founder's vision, and the ﬂexibility. Other identified enablers
are internal and external momentum. In the first internal driver, for example,
Jenkins (2006) found that the values and principles proposed in the CSR
strategy were driven gradually and according to the personal values of the
business owner or manager, which means an internal drive, from an internal
champion to the highest level of management. The analysis by Bakos et al.
(2020) found that management and stakeholder pressure were the main
influences on a company's adoption of environmentally responsible
practices. Similarly, the study by Lee et al. (2018) found that the higher the
position in SMEs, the greater the willingness to adopt environmentally
responsible practices. The other, external driver, which has to do with
external pressure such as regulation, which according to Sáez-Martínez et al.
(2016) is an important driver of socially responsible practices, similarly, in
the study by Auer and Jarmai (2018) identified regulation as an effective
factor in driving the implementation of responsible research and innovation.
Also, because SMEs will avoid fines if they do not adapt their practices to
regulation (Bakos et al., 2020). In contrast, the study by Jenkins (2006)
identified external pressure from both clients and applicable but weak
legislation.
As an essential part of responsible innovation strategies, the stakeholders
identified in the literature are: customers, employees, environment, suppliers,
community, owners/shareholders, R&D, government, competitors, funding
agencies/investors, and alliances (Agan et al., 2013; Aragón-Correa et al.,
2008; Bansal and Roth, 2000; Battaglia et al., 2014; Bos-Brouwers, 2010;
Brammer et al., 2012; Canh et al., 2019; Cantele and Zardini, 2018; Castka
et al., 2004; Cegarra-Navarro et al., 2016; Dey et al., 2020; Ghadge et al.,
2017; Hadj, 2020; Hammann et al., 2009; Hofmann et al., 2012;
Hoogendoorn et al., 2015; Iraldo et al., 2017; Jain et al., 2017, 2016; Jamali
et al., 2009; Jenkins, 2006; Khan et al., 2020; Lee et al., 2018; Li et al., 2016;
Madueno et al., 2016; Martinez-Conesa et al., 2017; Martínez-Martínez et
al., 2017; Moneva-Abadía et al., 2019; Preuss and Perschke, 2010; Reverte
et al., 2016; Sen and Cowley, 2013; Tantalo et al., 2012; Torugsa et al., 2012;
Zhu et al., 2019).
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Based on findings of this section, a conceptual model for responsible
innovation and its relationship with business performance for SMEs is
presented in Figure 10. The activities appear in the model in order of priority,
the highest being the ones that appeared in the most studies (see Appendix
for more information).
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Figure 10. Integrated conceptual model of Responsible Innovation in SMEs
Source: Own elaboration
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3.6. Conclusions
This study is particularly relevant for small and medium-sized enterprises
because it analysed a body of literature and its practical implications for
business performance, i.e., it derived a conceptual model of responsible
innovation that is based on recent practices and studies on responsible
innovation, corporate social responsibility, sustainable innovation practices,
and their relationship with business performance in SMEs. In addition, it
forms part of the emerging debate on responsible innovation and contributes
to the literature in three ways. First, it encourages SME practitioners to
engage in responsible innovation activities due to the tangible and intangible
benefits to the company that are: Capability to involve internal and external
stakeholders; capability to generate favourable attitudes to engage in
responsible behaviour; capability to determine desired impacts of innovation;
capability to create and develop knowledge; capability to deal with values
and motivations; capability to address challenges. Moreover, this conceptual
model presents a comprehensive view of RI and past practices together with
their potential benefits for the company’s performance. From there, it is
possible to consider integrating it systematically in the corporate strategy and
not vice versa. In other words, responsible innovation becomes one further
theoretical concept that is reinvented with each emerging technology.
Secondly, responsible innovation changes the perception with regard to
stakeholders, i.e., this study highlights the new direction promoted by RI and
in response to stakeholder values (Stilgoe et al., 2013), whereby stakeholder
interests can be unambiguously articulated, without leaving out those who
will be affected. These are sustainable solutions that correspond to the impact
on society because stakeholders drive responsible innovation strategies, not
only because of their advisory role which changes the perception that
company is the main driver, but also because of their contribution to the
innovation process. Finally, this study could encourage and help small and
medium-sized enterprises to make sense of their activities, strategies, and
policies linked to sustainable innovation and corporate social responsibility
because “responsible innovation” is connected to such strategies. However,
this requires SMEs to think about ways to add value to their strategies in
order to positively influence society, but also the performance of their
organization.
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There are some limitations to this study. First, it examined only 102 journal
articles with some impact in the WoS Database. However, some important
existing articles may have been unintentionally left out, bearing in mind that
the search was restricted to articles in the areas of business research,
economics, social science, environmental science, and technological science.
Another limitation of this study is that the methods it adopts are not
exhaustive, so researchers are encouraged to address the research questions
in this study with the use of other research methods. It is also hoped that
future research can test the theoretical model empirically in order to contrast
its results, which are similar to the theoretical findings of previous studies.
Finally, this study concludes by emphasizing directions for future research
on responsible innovation. Literature in this field could be improved by
researchers including areas of innovation in relation to inclusion such as
inclusive innovation, social innovation, and frugal innovation, fields that
have been little explored in the literature.
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Appendix
Main code

Inclusion

Responsiveness

Strategy

The
participation
of
stakeholders at different
stages

Qty
17

Increased commitment and
contribution

11

Ensuring that one can
respond to changes in the
environment

12

Addressing
challenges

big

12

Real response to changes in
the environment

6

Mutual response

3

the

References
(Sáez-Martínez et al., 2016) (Burget et al., 2017) (Jansson et al., 2017)
(Tang and Tang, 2018) (Jamali et al., 2009) (Jain et al., 2016) (Torugsa et
al., 2012) (Sancho et al., 2018) (Jain et al., 2017) (Hammann et al., 2009)
(Halme and Korpela, 2014) (Khan et al., 2020) (Silva et al., 2019) (Tantalo
et al., 2012) (Stahl et al., 2019) (Battaglia et al., 2014) (Gaziulusoy et al.,
2013) (Dossa and Kaeufer, 2014)
(Hammann et al., 2009) (Perrini et al., 2007) (Ortiz-Avram et al., 2018)
(Preuss and Perschke, 2010) (Hsu et al., 2017) (Sancho et al., 2018) (Jamali
et al., 2009) (Silva et al., 2019) (Khan et al., 2020) (Sen and Cowley, 2013)
(Jenkins, 2006) (Dossa and Kaeufer, 2014)
(de Poel et al., 2017) (Burget et al., 2017) (Hsu et al., 2017) (Jansson et al.,
2017) (Reverte et al., 2016) (Torugsa et al., 2012) (Brammer et al., 2012)
(Jenkins, 2006) (Ortiz-Avram et al., 2018) (Sancho et al., 2018) (SáezMartínez et al., 2016) (Aragón-Correa et al., 2008)
(Auer and Jarmai, 2018) (Reverte et al., 2016) (Halme and Korpela, 2014)
(Li et al., 2019) (Ratnawati et al., 2018) (Bos-Brouwers, 2010) (Silva et
al., 2019) (Jones and de Zubielqui, 2017) (Dangelico and Pujari, 2010)
(Hofmann et al., 2012) (Burlea-Schiopoiu and Mihai, 2019) (Hoogendoorn
et al., 2015)
(Boons and Lüdeke-Freund, 2013) (Halme and Korpela, 2014) (Dangelico
and Pujari, 2010) (Tang and Tang, 2012) (Cassells and Lewis, 2011)
(Ghadge et al., 2017)
(Lepoutre and Heene, 2006) ( Reverte et al., 2016) (Tang and Tang, 2012)
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Reflexiveness

Values and motivations

20

Knowledge
management

Knowledge creation
development

Firm performance

Sales growth

21

Profitability

21

and

22

(Lubberink et al., 2017) (Burget et al., 2017) (Auer and Jarmai, 2018)
(Cassells and Lewis, 2011) (Dangelico and Pujari, 2010) (Li et al., 2019)
(Williams and Schaefer, 2013) (Jenkins, 2006) (Dangelico and Pujari,
2010) (Tantalo et al., 2012) (Jain et al., 2017) (Preuss and Perschke, 2010)
(Brammer et al., 2012) (Jamali et al., 2009) (Jain et al., 2016) (BurleaSchiopoiu and Mihai, 2019) (Jansson et al., 2017) (Cassells and Lewis,
2011) (Jamali et al., 2009) (Lepoutre and Heene, 2006) (Dossa and
Kaeufer, 2014)
(Li et al., 2019) (Cegarra-Navarro et al., 2016) (Tantalo et al., 2012)
(Sancho et al., 2018) (Agan et al., 2013) (Ratnawati et al., 2018) (Orlitzky
et al., 2003) (Rhee et al., 2010) (Ratnawati et al., 2018) (Burlea-Schiopoiu
and Mihai, 2019) (Jenkins, 2006) (Ortiz-Avram et al., 2018) (Williams and
Schaefer, 2013) (Lubberink et al., 2017) (Lepoutre and Heene, 2006) (Sen
and Cowley, 2013) (Auer and Jarmai, 2018) (Jenkins, 2006) (BosBrouwers, 2010) (Jain et al., 2017) (Kraus et al., 2017) (López-Pérez et al.,
2017)
(Jain et al., 2016) (Madueno et al., 2016) (Reverte et al., 2016) (Preuss and
Perschke, 2010) (Sancho et al., 2018) (Choongo, 2017) (Ratnawati et al.,
2018) (Cegarra-Navarro et al., 2016) (Cantele and Zardini, 2018) (Jones
and de Zubielqui, 2017) (Sáez-Martínez et al., 2016) (Leonidou et al.,
2017) (Dey et al., 2020) (Hang et al., 2019) (Jain et al., 2017) (Khan et al.,
2020) (Preuss and Perschke, 2010) (López-Pérez et al., 2017) (Ikram et al.,
2019) (Suriyankietkaew and Avery, 2016) (Hull and Rothenberg, 2008)
(Bansal and Roth, 2000) (Torugsa et al., 2012) (Torugsa et al., 2013) (Jain
et al., 2016) (Madueno et al., 2016) (Sancho et al., 2018) (Agan et al.,
2013) (Burlea-Schiopoiu and Mihai, 2019) (Choongo, 2017) (Cantele and
Zardini, 2018) (Leonidou et al., 2017) (Martinez-Conesa et al., 2017)
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RI performance

Financial indicators

15

Market share

13

Customer satisfaction

10

Innovation performance

7

Benefits/utility

6

Productivity

4

Environmental sustainability

27

(Burlea-Schiopoiu and Mihai, 2019) (Jain et al., 2017) (Jones and de
Zubielqui, 2017) (Khan et al., 2020) (Ikram et al., 2019) (Hernández et al.,
2020) (Chege and Wang, 2020) (Suriyankietkaew and Avery, 2016)
(Tang et al., 2012) (Torugsa et al., 2012) (Torugsa et al., 2013) (Reverte et
al., 2016) (Aragón-Correa et al., 2008) (Choongo, 2017) (Cegarra-Navarro
et al., 2016) (Cantele and Zardini, 2018) (Leonidou et al., 2017) (MartinezConesa et al., 2017) (Hang et al., 2019) (López-Pérez et al., 2017) (Ikram
et al., 2019) (Hernández et al., 2020) (Canh et al., 2019)
(Madueno et al., 2016) (Reverte et al., 2016) (Sancho et al., 2018) (Agan
et al., 2013) (Choongo, 2017) (Ratnawati et al., 2018) (Cegarra-Navarro et
al., 2016) (Leonidou et al., 2017) (Hang et al., 2019) (Khan et al., 2020)
(Stahl et al., 2019) (López-Pérez et al., 2017) (Ikram et al., 2019)
(Madueno et al., 2016) (Reverte et al., 2016) (Sancho et al., 2018)
(Ratnawati et al., 2018) (Cantele and Zardini, 2018) (Leonidou et al., 2017)
(Martinez-Conesa et al., 2017) (Khan et al., 2020) (Iraldo et al., 2017)
(Moneva-Abadía et al., 2019)
(Li et al., 2019) (Martinez-Conesa et al., 2017) (Muñoz-Pascual et al.,
2019) (Ratnawati et al., 2018) (Khan et al., 2020) (Tantalo et al., 2012)
(Battaglia et al., 2014)
(Madueno et al., 2016) (Sancho et al., 2018) (Aragón-Correa et al., 2008)
(Ratnawati et al., 2018) (Hofmann et al., 2012) (Jenkins, 2006)
(Besser and Miller, 2001) (Jones and de Zubielqui, 2017) (Dey et al., 2020)
(Hsu et al., 2017)
(Bansal and Roth, 2000) (Kraus et al., 2017) (Agan et al., 2013) (Tang and
Tang, 2012) (Brammer et al., 2012) (Sáez-Martínez et al., 2016) (BosBrouwers, 2010) (Leonidou et al., 2017) (Dey et al., 2020) (Hsu et al.,
2017) (Hang et al., 2019) (Williams and Schaefer, 2013) (Dangelico and
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Social sustainability

Diversity and inclusion

24

14

-Engagement

Main players

Anticipation and reflection
-Legislative landscape
-Assessment
-Public and ethical issues
-Imagen
Clients/Customers

Pujari, 2010) (Hofmann et al., 2012) (Muñoz-Pascual et al., 2019) (Ghadge
et al., 2017) (Hadj, 2020) (Tantalo et al., 2012) (Prashar and others, 2020)
(Waldron et al., 2019) (Stahl et al., 2019) (Iraldo et al., 2017) (Gaziulusoy
et al., 2013) (Chege and Wang, 2020) (Hoogendoorn et al., 2015) (Lee et
al., 2018) (Zhu et al., 2019)
(Besser and Miller, 2001) (Kraus et al., 2017) (Bos-Brouwers, 2010) (Dey
et al., 2020) (Hsu et al., 2017) (Jenkins, 2006) (Burlea-Schiopoiu and
Mihai, 2019) (Stoian and Gilman, 2017) (Khan et al., 2020) (Hadj, 2020)
(Lepoutre and Heene, 2006) (Tantalo et al., 2012) (Prashar and others,
2020) (Pandza and Ellwood, 2013) (Waldron et al., 2019) (Burget et al.,
2017) (Stahl et al., 2019) (Gaziulusoy et al., 2013) (Ribeiro et al., 2018)
(Hernández et al., 2020) (Suriyankietkaew and Avery, 2016) (Zhu et al.,
2019) (McWilliams and Siegel, 2000) (Hull and Rothenberg, 2008)
(Castka et al., 2004) (Sancho et al., 2018) (Khan et al., 2020) (Madueno et
al., 2016) (Hammann et al., 2009) (Cantele and Zardini, 2018) (MartinezConesa et al., 2017) (Jenkins, 2006) (Hadj, 2020) (Stahl et al., 2019) (El
Baz et al., 2016) (Ikram et al., 2019) (Moneva-Abadía et al., 2019)

12

(Agan et al., 2013) (Madueno et al., 2016) (Hammann et al., 2009) (Cantele
and Zardini, 2018) (Jenkins, 2006) (Bos-Brouwers, 2010) (Hadj, 2020)
(Stahl et al., 2019) (López-Pérez et al., 2017) (Ikram et al., 2019) (Chege
and Wang, 2020) (Moneva-Abadía et al., 2019)

32

(Agan et al., 2013) (Aragón-Correa et al., 2008) (Bansal and Roth, 2000)
(Battaglia et al., 2014) (Bos-Brouwers, 2010) (Brammer et al., 2012)
(Cantele and Zardini, 2018) (Castka et al., 2004) (Cegarra-Navarro et al.,
2016) (Dey et al., 2020) (Ghadge et al., 2017) (Hadj, 2020) (Hammann et
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Employees

28

Environment

15

Suppliers

14

Community

14

al., 2009) (Hofmann et al., 2012) (Hoogendoorn et al., 2015) (Iraldo et al.,
2017) (Jain et al., 2016) (Jain et al., 2017) (Jamali et al., 2009) (Jenkins,
2006) (Khan et al., 2020) (Lee et al., 2018) (Li et al., 2016) (Madueno et
al., 2016) (Martinez-Conesa et al., 2017) (Martínez-Martínez et al., 2017)
(Moneva-Abadía et al., 2019) (Preuss and Perschke, 2010) (Reverte et al.,
2016)(Sen and Cowley, 2013) (Tantalo et al., 2012) (Torugsa et al., 2012)
(Aragón-Correa et al., 2008) (Battaglia et al., 2014) (Bos-Brouwers, 2010)
(Brammer et al., 2012) (Canh et al., 2019) (Cantele and Zardini, 2018)
(Castka et al., 2004) (Cegarra-Navarro et al., 2016) (Dey et al., 2020)
(Hadj, 2020) (Hammann et al., 2009) (Hofmann et al., 2012) (Iraldo et al.,
2017) (Jain et al., 2016) (Jain et al., 2017) (Jamali et al., 2009) (Jenkins,
2006) (Khan et al., 2020) (Lee et al., 2018) (Li et al., 2016) (Madueno et
al., 2016) (Martinez-Conesa et al., 2017) (Martínez-Martínez et al., 2017)
(Preuss and Perschke, 2010) (Reverte et al., 2016) (Sen and Cowley, 2013)
(Tantalo et al., 2012) (Zhu et al., 2019)
(Aragón-Correa et al., 2008) (Bansal and Roth, 2000) (Battaglia et al.,
2014) (Bos-Brouwers, 2010) (Hadj, 2020) (Iraldo et al., 2017) (Jain et al.,
2016) (Jain et al., 2017) (Jamali et al., 2009) (Jenkins, 2006) (Khan et al.,
2020) (Madueno et al., 2016) (Martinez-Conesa et al., 2017) (Tantalo et
al., 2012) (Zhu et al., 2019)
(Aragón-Correa et al., 2008) (Battaglia et al., 2014) (Brammer et al., 2012)
(Canh et al., 2019) (Dey et al., 2020) (Hofmann et al., 2012) (Jamali et al.,
2009) (Jenkins, 2006) (Khan et al., 2020) (Lee et al., 2018) (MartinezConesa et al., 2017) (Sen and Cowley, 2013) (Tantalo et al., 2012)
(Torugsa et al., 2012)
(Bansal and Roth, 2000) (Battaglia et al., 2014) (Canh et al., 2019) (Hadj,
2020) (Jain et al., 2016) (Jain et al., 2017) (Jamali et al., 2009) (Jenkins,
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Contingent variables

Owners/shareholders

7

R&D

7

Government

5

Competitors

4

Funding agencies/Investors

4

Alliances

4

Size

27

Type of industry

17

2006) (Khan et al., 2020) (Lee et al., 2018) (Martinez-Conesa et al., 2017)
(Tantalo et al., 2012) (Torugsa et al., 2012) (Zhu et al., 2019)
(Aragón-Correa et al., 2008) (Jamali et al., 2009) (Jenkins, 2006) (Khan et
al., 2020) (Lee et al., 2018) (Li et al., 2016) (Torugsa et al., 2012)
(Sáez-Martínez et al., 2016) (Torugsa et al., 2013)(Silva et al., 2019) (BosBrouwers, 2010) (Jones and de Zubielqui, 2017) (Dangelico and Pujari,
2010) (McWilliams and Siegel, 2000)
(Brammer et al., 2012) (Ghadge et al., 2017) (Lee et al., 2018) (Torugsa et
al., 2012) (Zhu et al., 2019)
(Aragón-Correa et al., 2008) (Ghadge et al., 2017) (Iraldo et al., 2017)
(Torugsa et al., 2012)
(Torugsa et al., 2012) (Ghadge et al., 2017) (Silva et al., 2019) (Sen and
Cowley, 2013) (Lee et al., 2018)
(Castka et al., 2004) (Sáez-Martínez et al., 2016) (Burlea-Schiopoiu and
Mihai, 2019) (Dangelico and Pujari, 2010)
(Besser and Miller, 2001) (Reverte et al., 2016)(Sáez-Martínez et al., 2016)
(Cassells and Lewis, 2011) (Hofmann et al., 2012) (Torugsa et al., 2012)
(Torugsa et al., 2013) (Stoian and Gilman, 2017) (Sancho et al., 2018)
(Madueno et al., 2016) (Aragón-Correa et al., 2008) (Choongo, 2017)
(Burlea-Schiopoiu and Mihai, 2019) (Martínez-Martínez et al., 2017)
(Tang and Tang, 2018) (Tang and Tang, 2012) (Jain et al., 2016) (Tang et
al., 2012) (Agan et al., 2013) (Brammer et al., 2012) (Cantele and Zardini,
2018) (Muñoz-Pascual et al., 2019) (Khan et al., 2020) (Preuss and
Perschke, 2010) (Tantalo et al., 2012) (Hernández et al., 2020) (Canh et
al., 2019) (McWilliams and Siegel, 2000)
(Bansal and Roth, 2000) (Besser and Miller, 2001) (Reverte et al., 2016)
(Sáez-Martínez et al., 2016) (Hofmann et al., 2012) (Stoian and Gilman,
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Firm age

12

Innovation

13

Country
Corporate strategy
Learning orientation
Employee’s commitment
Relational marketing

3
2
2
2
2

2017) (Burlea-Schiopoiu and Mihai, 2019) (Jain et al., 2016) (Jain et al.,
2017) (Tang et al., 2012) (Agan et al., 2013) (Cantele and Zardini, 2018)
(Leonidou et al., 2017) (Muñoz-Pascual et al., 2019) (Perrini et al., 2007)
(Tantalo et al., 2012) (McWilliams and Siegel, 2000) (Hull and
Rothenberg, 2008)
(Besser and Miller, 2001) (Reverte et al., 2016) (Cassells and Lewis, 2011)
(Hofmann et al., 2012) (Stoian and Gilman, 2017) (Choongo, 2017) (Tang
and Tang, 2018) (Tang and Tang, 2012) (Jain et al., 2016) (Muñoz-Pascual
et al., 2019) (Khan et al., 2020) (Hoogendoorn et al., 2015)
(Reverte et al., 2016) (Aragón-Correa et al., 2008) (Martínez-Martínez et
al., 2017) (Kraus et al., 2017) (Martinez-Conesa et al., 2017) (CegarraNavarro et al., 2016) (Jones and de Zubielqui, 2017) (Ratnawati et al.,
2018) (Hadj, 2020) (Zhu et al., 2019) (Moneva-Abadía et al., 2019) (Canh
et al., 2019) (Hull and Rothenberg, 2008)
(Bansal and Roth, 2000) (Sáez-Martínez et al., 2016) (Perrini et al., 2007)
(Reverte et al., 2016) (Stoian and Gilman, 2017)
(Ratnawati et al., 2018) (Rhee et al., 2010)
(Sancho et al., 2018) (Choongo, 2017)
(Sancho et al., 2018) (Martínez-Martínez et al., 2017)
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Chapter 4. CSR practices associated with

the spread of responsible innovation
Case study: Microfinance intermediaries in La Paz-Bolivia
"If you always do what you always did, you will always get what you always got."
Albert Einstein.

Abstract
In an increasingly competitive environment, survival is a challenge for SMEs
that today more than ever seek corporate sustainability through "innovation"
that generates economic benefits, but also "responsibility" to generate social
value connected to the global challenges of society. In this sense, responsible
innovation responds to a process of co-responsibility of ethical acceptability,
social coexistence, and the construction of a holistic sustainability. The aim
of this research is to explore empirically whether corporate social
responsibility practices towards stakeholders - customers, employees,
community, and environment - promote responsible innovation and financial
performance in SMEs. The findings suggest that employees, customers, and
the environment are the most important stakeholders and that responsible
innovation along with the dimensions of responsiveness (36%), inclusiveness
(27%), reflexivity (27%), and anticipation (10%) can be promoted by CSR
practices that result from stakeholder collaboration if (and only if) SMEs act
proactively. Furthermore, the relationship between CSR and financial
performance mediated by responsible innovation was positive but weak. This
research contributes to the understanding of the concept of responsible
innovation in business and its relationship to financial performance in SMEs.
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4.1. Introduction
SMEs are the economic engine in terms of employment in developing
countries. In Latin America, for example, it is estimated that SMEs account
for 98% of all enterprises (Vives et al., 2005). It is not surprising, then, that
their individual impact is not proportional to their overall size. However,
growing global concern about natural resource degradation, climate change,
economic progress, and societal well-being has attracted the attention of
practitioners and researchers with recent evidence on the integration of ethics
and corporate social responsibility aspects into actions, decisions, and as a
way to achieve sustainability in SMEs (Ratnawati et al., 2018). In the light
of this situation, corporate social responsibility, which was first introduced
by Bowen (1953), emerged as actions that encourage ethical initiatives by
companies in the course of their business activities and in a broader
perspective of profitability.
From the results standpoint, authors have shown, with the plethora of studies
related to CSR activities and the multitude of similar terms to refer to it
(Ortiz-Avram et al., 2018) that, companies get involved in such activities
because 1) they are associated with internal or external benefits or both, in
addition, 2) for their capacity to promote innovation (Porter, 1985). In the
first case, authors have reported positive and practical results of CSR
activities in SMEs, especially as a possible driver of financial performance
(e.g. Madueno et al., 2016; Martínez-Martínez et al., 2017; Moneva-Abadía
et al., 2019), while other authors have revealed a partial effect relationship
(Martinez-Conesa et al., 2017) or even a positive but weak relationship
(Orlitzky et al., 2003). In the second case, CSR practices are capable of
promoting innovation, resulting from collaboration with other stakeholders
(ECR, 2008).
The European Union's 2008 Competitiveness Report (ECR, 2008) argues that
one of the main ways in which CSR practices can promote innovation is
through stakeholder collaboration. Consequently, it seems that CSR could
not only promote innovation, but also encourage the stakeholder involvement
that is essential for responsible innovation, i.e. consideration of individual
stakeholders alone is not sufficient to explain the environment in which a
company operates, but rather "jointly" with other stakeholders (Tang and
Tang, 2018). Consequently, CSR practices seem to act as drivers to promote
responsible innovation through stakeholder engagement.
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Responsible Research and Innovation (RRI) or Responsible Innovation (RI)
means “taking care of the future through collective stewardship of science
and innovation in the present” (Stilgoe et al., 2013, p. 1570), which is a
continuous process of aligning research and innovation with the values, needs
and expectations of society. In other words, RI is more specific and refers to
the early stages of technology development (de Poel et al., 2017), to the early
inclusion of stakeholders in the innovation process. Stakeholders are
therefore crucial in the RI debate (Von Schomberg, 2013) and their selection
lies in who will contribute, but also in those who will be affected by the
innovation process because, when these stakeholders understand the
objectives to follow the RI principles, they can commit themselves to achieve
them (Chatfield et al., 2017). However, how CSR practices relate to
"responsible innovation" (rather than innovation in general) remains an
important research gap in SMEs (Auer and Jarmai, 2018; Martinuzzi et al.,
2018; Ribeiro et al., 2018; Von Schomberg, 2013), which will be explored in
this study, i.e. to empirically analyse whether CSR practices towards
stakeholders - customers, employees, community, and environment promote responsible innovation and what the mediating effect of this is on
the relationship of CSR practices and financial performance in SMEs.
The research is organized as follows. Section 2 reviews and discusses the
related literature. Section 3 describes the research methodology, presents the
conceptual model and the experimental hypothesis on which it is based, and
provides the empirical findings. Section 4 analyses the data to validate the
model and Section 5 concludes with the results.

4.2. Theoretical background and hypotheses development
The integration of responsible innovation in companies is still in its infancy
and is greater when it comes to small and medium-sized enterprises (SMEs).
In the study by De Poel et al. (2017) proposed a conceptual model to be able
to integrate responsible research and innovation into corporate social
responsibility policies. They argued that companies should think about and
make decisions about which elements can add value to society in order to
implement RRI activities. This study, however, is limited in its application
because at the operational level it simply describes elements, so there is not
yet a clear understanding of what should be "done" (Ribeiro, Barbara E and
Smith, Robert DJ and Millar, 2017), especially in small and medium
enterprises that are largely unaware of what the concept of RI implies (Auer
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and Jarmai, 2018) because as it is an emerging issue very little research has
been done to understand in a practical way its influence on social values and
organisational capacities (Pandza and Ellwood, 2013). Although the latter
argument was not empirically tested, a conceptual model describing the
relationship between practices, including CSR, that promote RI and
performance in SMEs was later found by Gonzales-Gemio et al. (2020). The
authors conclude that RI is able to positively influence organisational
performance, furthermore, that stakeholders who are able to articulate their
interests unambiguously and are promoters of initiating strategies to drive
responsible innovation in SMEs, changing the perception that the company
is the only driver.
Although it is argued that CSR strategies are like instruments that SMEs
apply to promote "responsible" behaviour towards external and internal
stakeholders (Perrini et al., 2007), it is also a fact that such CSR strategies
are recognized as promoting innovation. The European Union's 2008
Competitiveness Report (ECR, 2008) argues that there are three main ways
in which CSR can contribute to innovation capacity and performance, which
are: (a) innovation resulting from collaboration with other stakeholders; (b)
identifying business opportunities by solving societal problems; and (c)
creating more innovation-friendly workplaces. In terms of stakeholder
collaboration, which is where this research focuses, innovation appears to be
the result of collaboration with other stakeholders. However, analogous to
stakeholder theory, where there is an inherent acceptance that all firms have
stakeholders and that managing them properly can help reduce risk and
enhance corporate social responsibility for all firms (European and SMEs,
2002), the RI debate emphasises that stakeholder selection is about who will
contribute, but also who will be affected. In that line, stakeholders are any
group or individual that can affect or be affected by the fulfilment of the
objectives defined by the organisation (Freeman, 2010). Indeed, relationships
with key stakeholders may determine how SMEs address CSR practices
(Jenkins, 2006). Therefore, stakeholder engagement in the RI debate is
crucial (Von Schomberg, 2013). In this line, when stakeholders understand
the objectives for following the RI principles, they can commit to achieving
those (Chatfield et al., 2017). For example, in the study by Silva et al. (2019)
investigated stakeholder engagement in the context of responsible research
and innovation, to try to link the innovation process with the concept of CSR.
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The study found that stakeholders are included at a late stage in the
innovation process, i.e. at the final innovation stage, when the product or
service is already on the market, which allows for some adaptation of
solutions, but of a limited nature. The study then suggests improving the
development of responsible innovation by incorporating elements of
innovation management, such as the early inclusion of stakeholders in the
process to ensure responsible outcomes. In the case of SMEs, the main
stakeholders are the employees, clients, community, the environment,
government, university; other stakeholders are the investors, the market, the
competitors (Muñoz-Pascual et al., 2019).
4.2.1. Customers
Customers are the essential stakeholders for businesses (Freeman, 1984)
because they are the ones who provide the cash flow to SMEs (Tang and
Tang, 2012). The study by Tang & Tang (2012) investigated the impact of
the power difference between stakeholders and companies on SMEs'
environmental performance and CSR orientation, and in doing so found that,
customers have a positive but statistically insignificant effect on
environmental performance. In contrast, the study by Preuss and Perschke
(2010) emphasised that smaller companies do not pay much attention to
stakeholders beyond the dominant client on whom they often depend.
Similarly, the study by Hammann et al. (2009) concluded that customers are
the second most important stakeholder group for SMEs after employees. CSR
initiatives towards customers consist of providing high quality products, with
accurate and complete information, at reasonable prices, with channels that
allow for customer involvement. This latter understanding is crucial in the
responsible innovation debate because, a space that allows for early inclusion
of stakeholders will enhance their development and ensure responsible
outcomes (Silva et al., 2019). Therefore, it seems that CSR towards
customers, besides having an impact on the financial performance of the
company (Cegarra-Navarro et al., 2016; Hammann et al., 2009; Jain et al.,
2017; Preuss and Perschke, 2010; Reverte et al., 2016; Tang and Tang, 2012).
Also, it seems to act as a support to promote the adoption of responsible
innovation practices in SMEs (Hadj, 2020; Silva et al., 2019). As stated in
the following hypotheses:
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H1. CSR towards customers has a significant positive relationship with the
FP in SMEs.
H2. CSR towards clients has a significant positive relationship with the
adoption of RI practices in SMEs.
4.2.2. Employees
Employees are the main stakeholders of a company (Freeman, 2010) and
their influence is related to financial performance (Hammann et al., 2009).
The study by Jain et al. (2016) concluded that although the relationship
between CSR and financial performance is positively weak similar to the
findings of Orlitzky et al. (2003), 78% of the variance explaining their model
lies with employees, which is also a challenge for SMEs which are more
sensitive to the close relationships they have with their stakeholders such as
employees and community (Jenkins, 2006). For example, in the study by
Hammann et al. (2009) which examined what kind of socially responsible
practices SME managers are employing in relationships with key
stakeholders, they found that executives can express their values more easily
towards internal stakeholders than towards an abstract group such as society.
Similarly, the study by Choong, (2017) concluded that relationship between
CSR and financial performance is significant, but that employee engagement
can be negatively affected when there is no investment in employee training
and development. The findings show that CSR towards employees consists
of progressive initiatives such as commitment to health and safety, policies
aimed at work-life balance, career development, and equal opportunities. The
research also shows that such actions could have a connection with short and
long term performance, the former related to improving working conditions,
motivating employees accordingly less sick leave, encouraging innovation,
and in the long term an increase in employee productivity (Cegarra-Navarro
et al., 2016; Reverte et al., 2016; Jain et al., 2016). On the basis of the existing
literature, CSR for employees seems to contribute to the adoption of
responsible innovation practices which in turn improve FP in SMEs (Cantele
and Zardini, 2018; Cegarra-Navarro et al., 2016; Choongo, 2017; Jones and
de Zubielqui, 2017; Madueno et al., 2016; Martinez-Conesa et al., 2017;
Preuss and Perschke, 2010; Ratnawati et al., 2018; Sancho et al., 2018)
among others, then we formulate the following hypotheses:
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H3. CSR towards employees has a significant positive relationship with the
FP in SMEs.
H4. CSR towards employees has a significant positive relationship with the
adoption of RI practices in SMEs.
4.2.3. Community
The community is an important stakeholder for SMEs (Jenkins, 2009).
Similarly, SMEs are also important actors within their local community
(Perrini et al., 2007) because, local reach influences their survival (Freeman
and Reed, 1983). For example, according to the study by Stoian & Gilman
(2017) (Stoian and Gilman, 2017)investigated the extent to which CSR
activities aligned with the company's competitive strategy encourage their
improvement and growth, SMEs that carry out community-related CSR
activities improve their growth and are more likely to grow rapidly. While
the study by L. Li et al. (2019) concluded that community-friendly activities
are partly mediated by the dynamic capacity of the enterprise, which means
that social participation improves the performance of service innovation.
Through CSR activities such as hiring and purchasing policies that favour
local communities, participation in specific projects, volunteer employees on
behalf of the company, or grassroots activities such as sponsorships,
charities, or similar. Thus, by focusing on local communities, while
contributing to the social activities of the local community (Sen and Cowley,
2013). In addition, they benefit from favourable tax legislation and reduced
local regulations (Stoian and Gilman, 2017) which seem to directly or
indirectly influence responsible innovation and financial performance (Von
Schomberg, 2012) as indicated in the following hypothesis:
H5. CSR towards community has a significant positive relationship with the
FP in SMEs.
H6. CSR towards community has a significant positive relationship with the
adoption of RI practices in SMEs.
4.2.4. Environment
Concern for environmental care has increasingly attracted the attention of
practitioners and researchers (Hofmann et al., 2012; Reverte et al., 2016;
Tang and Tang, 2018). However, despite the fact that there is greater
commitment and understanding among SME managers about climate change
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(Williams and Schaefer, 2013), some managers do not perceive it as a
beneficial issue. For example, the study by Sáez-Martínez et al. (2016) found
that only 9% of companies, out of a sample of 3.647 SMEs in 38 countries,
considered environmental responsibility as one of their priority objectives.
Meanwhile, the study by Tang & Tang (2018) concluded that the company
may perceive that stakeholder pressure for environmental performance is
only for showcase purposes. Therefore, while the company may strive to
improve its strengths, to offset the additional costs associated with that effort,
they could continue to engage in behaviours that lead to more concerns. Then,
only when stakeholder pressure increases "jointly" with other stakeholders
the company begin to seriously address its environmental concerns. This can
be illustrated with the study by Tang & Tang (2012) which concluded that
while power differences between governments and competitors significantly
affect the environmental performance of SMEs, the influence of competitors
could not be as strong as that of governments. So the inclusion of other
stakeholders is a crucial understanding because, responsible innovation
activities imply the reconsideration of the business role in society (Auer and
Jarmai, 2018) with stakeholders (Stilgoe et al., 2013) to solve or improve
environmental or social problems (Halme and Korpela, 2014).
Moreover, the above research also refers to the fact that environmentally
friendly activities influence firm performance in SMEs. For example, the
study by L. Li et al. (2019) found that the effect of environmentally friendly
activities influences the performance of service innovation only if it is
mediated by advanced dynamic capacity16. Similarly, Hang et al. (2019)
concluded that causality between environmental and financial performance
depends on the time horizon, which is significant as it encourages managers
to maintain a proactive environmental policy as well as not to abandon
investments if the financial success is not immediately visible. Thus, a
company's investment in environmental activities such as programmes for
the introduction of alternative energy sources, investments in energy saving
programmes, recycling and waste management, in addition to ecological
packaging or containers creates responsible actions in the community which
could intensify performance in SMEs. Therefore, it seems that CSR towards
environment, besides having an impact on financial performance of
16

Dynamic capacity is the "ability of the firm to integrate, build and reconﬁgurar internal
and external competencies to cope with rapidly changing environments" (Li et al., 2019).

98

company, it seems to promote the adoption of responsible innovation
practices in SMEs, as we propose in the following hypothesis:
H7. CSR towards environment has a significant positive relationship with FP
in SMEs.
H8. CSR towards environment has a significant positive relationship with
adoption of RI practices in SMEs.
4.2.5. Responsible Innovation and financial performance in SMEs
Responsible innovation efficiency in a company depends on its strategy to
seek, on one hand, added value for society, and also to make profits (de Poel
et al., 2017). Moreover, according to the same article, although strategies
linked to practices that drive responsible innovation, such as CSR and SI,
promote potential organizational performance, these strategies must shift
from their conservative, philanthropic, defensive way of addressing social,
environmental and ethical issues towards a progressive way of "doing good".
The analysis of the articles that measured the organisation's performance
shows various indicators, ranging from quantitative performance indicators
(e.g. ROA, productivity, sales growth, market share, etc.) to qualitative ones
(e.g. customer satisfaction, brand image and corporate reputation, employee
motivation, etc.) and from different fields of innovation, such as empirical
work and literature reviews. As regards performance indicators related to
responsible innovation practices, which are less frequent, but which previous
research has considered (e.g. diversity and inclusion, anticipation and
reflection, responsiveness and adaptive change, openness and transparency,
environmental sustainability, social sustainability) are grouped according to
the classification of De Poel et al. (2017) for small and medium enterprises.
Some authors measured performance by considering financial as well as nonfinancial indicators and revealed a positive causal link. An empirical example
is the study by Reverte et al. (2016) who investigated the mediating role of
innovation in the relationship between social responsibility and
organizational performance in SMEs. They revealed that social responsibility
practices have a direct, positive and significant effect on both innovation and
organisational performance, covering both financial (such as the level of
sales growth; the level of ROE; ROA; market share; level of productivity)
and non-financial (the quality of products and/or services offered) indicators;
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technological position and coordination of internal processes; coordination
and organisation of human resources; degree of customer satisfaction; degree
of adaptation to changing market needs; brand image and corporate
reputation; employee motivation; staff turnover; and staff absenteeism). In
addition, they reported that long-term benefits are reflected either internally,
externally or both. Internally by helping to develop new resources and
capabilities that relate to technical knowledge and business culture.
Externally by being linked to the reputation of the companies which in turn
improves relationships, attracts better employees or increases their
motivation and commitment; or both. In this way, social responsibility
positively influenced organisational performance.
According to Torugsa et al. (2012) the relationship between CSR practices
of SMEs and financial performance revealed that the specified capabilities
(such as shared vision, stakeholder management and proactivity) share a
positive association with proactive social responsibility, which in turn
improves the company's financial performance. In addition, they reported
that SMEs can maximize their financial benefits while proactively moving
towards corporate social responsibility. Similarly, Aragón-Correa et al.
(2008) found a significantly positive relationship between proactive social
responsibility related to the environment and the financial performance of
SMEs. The study by Hammann et al. (2009) on the relationship between
socially responsible practices in SMEs and value creation towards
stakeholders found that socially responsible practices towards employees,
customers and, to a lesser extent, society, have a positive impact on the
company and its performance.
Previous research also showed a positive but weak relationship between
social responsibility activities and financial performance. For example, in the
study by Jain et al. (2016) found a significant but weak positive relationship
between social responsibility and financial performance, the indicators used
were: the company's profit margin; satisfaction with the change in profit
margin; company sales and long-term consequences. The model explained
81% of the variance in customers, 78% of the variance in employees, 82% of
the variance in environment and 67% of the variance in community. This
showed that corporate social responsibility contributed positively to the
different stakeholders.
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Another way of measuring performance has been related to some indicators
of responsible innovation. Previous research has considered aspects related,
for example, to diversity and inclusion. Previous research shows that
positively improving employees' individual performance, satisfaction and
commitment contributes to company performance at the organisational level
(Sancho et al., 2018). In the study by Khan et al. (2020) analysed the
sustainable social responsibility dimensions related to employees,
environment, community, suppliers and customers on performance in SMEs.
The results revealed that managing the relationship with a company's key
stakeholders has a significant positive influence on sustainable competition
and business performance. In addition, the need to take multiple stakeholders
seriously, and not just owners, was highlighted. Similarly, Choongo (2017)
found that while the social and environmental dimensions of socially
responsible practices in SMEs have a significant impact on financial
performance, performance measures related to corporate reputation and
employee engagement were only partially significant because employee
engagement can be negatively affected when there is no investment in
employee training and development. Meanwhile, the study by Ratnawati et
al. (2018) examining the effect of learning orientation and innovation in
mediating social responsibility on performance and competitive advantage in
SMEs revealed that social responsibility activities have a significant effect
on learning orientation, innovation and performance in SMEs. In the same
vein, the study by Burlea-Schiopoiu and Mihai (2019) investigated the
relationship between three sustainability factors (CSR, innovation and
training) and their effects on competitive advantage of SMEs in Romania.
The study found that employee training, innovation and social responsibility
practices are significant and correlated factors in promoting competitive
advantage in SMEs.
H9: RI practices derived from CSR have a positive effect on the financial
performance of SMEs
To sum up, Figure 11 shows the studied relationships:
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Figure 11. Research model

4.3. Methodology
4.3.1. Selection of the population and the sample
Bolivia, is a country with an economy mainly concentrated in extractive
activities in mining and hydrocarbon sector, made up of 95% of microenterprises and 4.8% of small and medium enterprises (National Institute of
Statistics of Bolivia). It also has an informal sector which is among the
highest in the region at approximately 80%, i.e. 7 out of every 10 employees
are in the informal sector. This is largely related to the major challenges
Bolivia still faces in closing productivity gaps as well as maintaining growth
rates in the coming years without causing macroeconomic imbalances
(Foronda et al., 2018).

On the other hand, at the public policy level, despite the fact that Bolivia has
a corporate social responsibility policy approved in August 2019, its
implementation is still incipient and follows resolution No. 220/2013 on
Corporate Social Responsibility issued by the Financial System Supervisory
Authority (ASFI)17, which is mandatory for financial institutions in Bolivia.
17

The purpose of ASFI is to regulate, control and supervise financial services within the
framework of the Political Constitution in Bolivia, Law No. 393 on Financial Services and
the Supreme Regulatory Decrees, as well as the activity of the securities market,
intermediaries and their auxiliary entities.
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It was therefore decided to choose local microfinance intermediaries, because
they are the ones that at national level work with CSR programmes, aimed at
showing management transparency, ethical behaviour and respect for the
stakeholders and the national legislation in force since 2013. The surveys
were addressed to the senior management of these entities and the unit of
analysis was therefore local microfinance intermediaries in La Paz city of
Bolivia. The questionnaire was constructed based on three previous
interviews with national managers of financial institutions and following the
guidelines of Bolivia's corporate social responsibility policy. This process
resulted in 23 items which were organised into four constructions: CSR
clients with four elements, CSR employees with four elements, CSR
community with four elements, CSR environment with four elements, the
responsible innovation construct with four elements and the financial
performance construct with three elements. The data was collected initially
by sending the questionnaire via email, and then by making phone calls to
ensure maximum participation. Of the 579 local microfinance intermediaries
and securities market participants registered and authorised by ASFI, 121
completed the survey, resulting in a response rate of 21%. The response rate
is higher than average response rate of 15-20% suggested by Menon et al.
(1996). Table 13 summarizes the sample demographics. The questionnaire is
presented in the Appendix.
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Table 13. Demographic characteristics of sample (N=121)

Characteristic
Number of employees
10 - 49
50 - 250
Total
Annual income (UFV)
Between UFV 600,001 and UFV
3,000,000
Between UFV 3,000,001 and UFV
12,000,000
Greater or equal to UFV 12,000,001
Total
Respondent position
Owner/Director
Manager/Sub-Manager
Executive
Total
Gender
Male
Female
Total

Percentage
9.1
90.9
100
21.5
17.4
61.1
100
17.4
43.8
38.8
100
56.2
43.8
100

4.3.2. Measurement
Data was collected through an online questionnaire designed for the purpose
and to gather owner-manager perceptions. Responses ranged from "1:
strongly disagree", "2: disagree", "3: neutral", "4: agree", and "5: strongly
agree" for CSR items, to "1: not at all", "2: rarely", "3: often", "4: always"
for RI items, and "1: not at all", "2: rarely", "3: often", "4: always" for
financial performance items.
The approach by Jain et al. (2017) was used for the development of the
questionnaire. In addition, scales from other relevant empirical studies were
combined with new items that emerged from the interview to make an initial
list of 23 items distributed as follows: 4 focusing on measuring customer
construct, 4 focusing on measuring employees construct, 4 focusing on
measuring community, 4 focusing on measuring the environmental construct,
4 focusing on measuring responsible innovation, and finally 3 items focusing
on measuring financial performance (see Appendix for a list of items).
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According to the study by Hadj (2020) the dimensions of responsible
innovation were constructed. Then, CSR-related to customers, employees,
community and the environment in line with the approach by Jain et al.
(2017), among others.
Responsible innovation has been measured in various ways in previous
research. In the present study, responsible innovation has been measured
using a 4-item scale taken from the framework for responsible innovation
developed by Stilgoe et al. (2013) and applied in the study by Hadj (2020),
namely the dimension of inclusion, responsiveness, reflectiveness, and
anticipation. For financial performance construct, this study used the
measures of company performance commonly used in the literature such as
return on assets (ROA), sales growth, and productivity level, asking ownermanagers to rate the relative performance of their company over the last three
years. Finally, redundant items or items outside the acceptable parameters
were eliminated through an analysis of the scale items. According to the
recommendation proposed by Chin (1998), indicators for reflective
constructions that were equal to or higher than the acceptable threshold of
0.70 for their factor loads were maintained.

4.4. Result and Discussion
Data were analysed in two stages, on the one hand, an assessment of the
reliability and validity of the measurement scales and, on the other hand, the
causal relationships between CSR and FP were analysed using the structural
equation model (SEM). For the analysis of our data, an exploratory factorial
analysis of the variables was carried out, the Kaiser-Meyer-Olkin (KMO) test
revealed a value of 0.758 (higher than the recommended value of 0.7).
Bartlett's sphericity test was 1216 (df = 253) with a significance of 0.000.
These results confirmed the unidimensionality between the scales. Next, a
confirmatory factorial analysis of the model constructs was made, restricting
each element to load it in its a priori established factor (Anderson and
Gerbing, 1988). To measure the structural model, the method of maximum
robust plausibility of the asymptotic variance-covariance matrix with EQS
6.4. was used, which as a result gave an acceptable fit to the data, and with
each factor of the constructs assigned to the model. Some of the goodnessof-fit values were: χ2/ d.f.=1.76, RMSEA = 0.08, y CFI=0.9 (see Table 14).
Table 14. Measurement model

105

Constructs

Scale
items
CUS1
CUS2
CUS4

Standardised t value
loadings
0.61
0.60
3.87
0.70
5.29

R2

CSR
Employee

EMP1
EMP2
EMP4

0.66
0.81
0.70

9.33
7.81

0.44
0.66
0.46

CSR
Community

COM1
COM3
COM4

0.62
0.76
0.77

5.42
4.82

0.47
0.58
0.60

CSR
ENV2
Environment ENV3
ENV4

0.63
0.90
0.74

4.91
5.09

0.48
0.81
0.55

Responsible
Innovation

RI1
RI2
RI3

0.62
0.84
0.63

2.18
2.30
1.18

0.38
0.70
0.40

Financial
Performance

FP1
FP2
FP3

0.75
0.84
0.92

0.55
0.59
0.59

0.56
0.71
0.85

CSR
Customer

0.46
0.42
0.49

Cronbach's alpha:
0.61
AVE: 0.50
CR: 0.70
Cronbach's alpha:
0.77
AVE: 0.50
CR: 0.70
Cronbach's alpha:
0.72
AVE: 0.52
CR: 0.81
Cronbach's alpha:
0.76
AVE: 0.58
CR: 0.84
Cronbach's alpha:
0.75
AVE: 0.55
CR: 0.83
Cronbach's alpha:
0.77
AVE: 0.70
CR: 0.86

Discriminant validity was also met and was examined through correlations
between independent variables that were lower than the square root of the
mean extracted variance (AVE) (Anderson and Gerbing, 1988). While the
mean extracted variance for each construction was equal to or greater than
the threshold level of 0.50 (Hair et al. 2011) (see Table 15). All factors had
values of composite reliability higher than 0.7, which denote a reliable
measurement of our constructions as components of the structural model
(Bagozzi and Yi 1988).
Table 15. Correlation matrix of latent factors

1. CSR customer
2. CSR employee
3. CSR community
4. CSR environment

1
0.71
0.64
0.61
0.43

2

3

4

0.71
0.70
0.51

0.72
0.33

0.76
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5

6

5. Responsible innovation 0.62
0.58
0.28
0.37
0.74
6. Financial performance
0.40
0.35
0.43
-0.20
0.35
Diagonal elements are the square roots of average extracted (AVE).
Correlations greater than | ± 0.21| are significant at the .01 level

0.84

The adjustment rates obtained in the estimation of this model as the Chi
square proved to be statistically significant (x2 Satorra–Bentler = 242.04, p = .00;
df = 137), the relationship between Chi-square and degrees of freedom was
satisfactory (i.e. x2/df = 1.77) and the values of the alternative adjustment
indices were within acceptable levels (NFI = 0.90, CFI = 0.87, RMSEA =
0.08. In Table 16 the normalized path coefficients obtained in the estimation
of this model are presented together with the value of t.
Table 16. Results of the structural model

Path

Correlations

Hypothesis

Coefficient

H1: CSR customer →
Financial performance
H2: CSR customer →
Responsible innovation
H3: CSR employee →
Financial performance
H4: CSR employee →
Responsible innovation
H5: CSR community →
Financial performance
H6: CSR community →
Responsible innovation
H7: CSR environment →
Financial performance
H8: CSR environment →
Responsible innovation
H9: Responsible innovation
→ Financial performance
CSR customer and CSR
employee
CSR customer and CSR
community
CSR customer and CSR
environment
CSR employee and CSR
community
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Status

0.90

tValue
6.70

0.87

5.73

Accepted

0.69

5.13

Accepted

0.90

6.97

Accepted

0.21

1.19

Rejected

0.32

2.19

Accepted

0.47

3.04

Accepted

0.52

4.75

Accepted

0.34

2.68

Accepted

0.94

4.53

0.71

3.53

0.44

2.99

0.70

3.79

Accepted

CSR employee and CSR
0.52
3.27
environment
CSR community and CSR
0.33
2.25
environment
Fit statistics Chi square (x2 Satorra-Bentler) = 242.04, p = .00; df = 137; Ratio Chi square
to d.f. (x2 /df) = 1.77; normed fit index (NFI) = .90; comparative fit index (CFI) = . 87;
root mean squared error of approximation (RMSEA) = .08; 90 % confidence
interval of RMSEA = (.06, .09)

According to the results, CSR towards stakeholders is positively related to
financial performance, which supports H1, H3 and H7. Furthermore, CSR
towards stakeholders promotes RI in SMEs, which supports H2, H4, H6, H8.
In the first finding the hypotheses H1 (β = 0.90, t = 6.70), H3 (β = 0.69, t =
5.13), and H7 (β = 0.47, t = 3.04) confirm that employees, customers and the
environment are the most important stakeholders for SMEs, and that their
relationship between CSR and FP has a positive but weak relationship. The
above result is fully in line with the findings of the study by Jain et al. (2016)
which found a positive but also weak relationship between CSR through the
stakeholder approach and FP of SMEs. This suggests that although the CSR
strategy contributed positively to stakeholders (such as clients, employees
and the environment), it is still conceived in philanthropic rather than
strategic terms, which may also be due to the fact that in Bolivia regulations
legally force companies to adopt socially responsible behaviour date from
recent years, and have therefore been more of a voluntary activity. However,
the CSR strategy towards the clients of small and medium sized companies
and in activities such as information on their products and/or services and the
value for money shown by the highest weights in the model, favours their
reputation and recognition by society as socially responsible companies.
Similarly, in relation to employees, our results coincide with studies by
Sancho et al. (2018) because, when SMEs take care of the well-being of their
employees, they improve productivity which leads to an improvement in
organisational performance. In the case of the results related to the
environmental factor, it is shown that the SMEs in the sample focus their
efforts on savings programmes related to waste management followed by
energy management, which is interesting because it suggests that companies
have started to make efforts to become sustainable companies which is key
to improve performance in a company, which is also supported by the
findings of the study by Hsu et al. (2017). In the case of CSR activities
towards community, the study by Choongo (2017) found that SMEs engage
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in such activities when they perceive benefits. In our study, while H5 (β =
0.21, t = 1.19) has been rejected, what it suggests to us is that this could have
been due to the short term vision that could have been interpreted with our
instrument, being that in the context of our sample a clear influence of the
communities can be perceived at company level, strong enough to influence
the personal interests of owner-managers, which in Bolivia is known as
"Vivir Bien18", so SMEs cannot ignore the expectations of the community,
and in the long term will favour mutual support between the company and
the community (Stoian and Gilman, 2017) and, could lead to better financial
performance (Choongo, 2017).
On the other hand, our study has found that RI plays a full mediating role
between the relationship between CSR and FP. This is confirmed by the
hypotheses H2 (β = 0.87, t = 5.73), H4 (β = 0.90, t = 6.97), H6 (β = 0.32, t =
2.19), and H8 (β = 0.52, t = 4.75). The results show that, RI reflects a partial
positive indirect effect, that is, if a CSR strategy towards the stakeholders is
correctly adopted, this could be a useful long-term strategy for SMEs to
achieve financial performance through responsible innovation. Responsible
innovation that is promoted by the effect of CSR activities towards
stakeholders, and which has been identified through the dimensions of RI
related to inclusion, responsiveness, reflectivity and anticipation. In the
process of convergent validity of the model, it was found that the item related
to responsiveness was the most significant (36%), followed by the item
related to the inclusion dimension (27%) and the item related to the
reflectivity dimension (27%). This is in line with the study by Cassells and
Lewis (2011) which found that although 80% of the owner-managers
declared to be aware of the possible environmental risks derived from the
work they do, only 87% agreed that regulation alone cannot protect the
environment without the voluntary actions of companies. Also, the
‘Vivir Bien’ is life in its fullness, it about knowing how to live in balance and harmony
with nature, in harmony with the cycles of Mother Earth, of the cosmos, of life and of
history, and in balance with all forms of existence. It is not the same as living better,
because that involves the need to exploit on the basis of competition. This declaration was
reaffirmed in the Political Constitution of the Plurinational State of Bolivia (2009), and
marked the beginning of a new stage in its history to save Mother Earth and to confront the
problems of climate change, the energy crisis, water shortages, food production and other
crises that beset the planet, proposing ten commandments to save the planet, humanity and
life, the tenth of which is 'Living Well', the Suma Qamaña and other similar indigenous
expressions, and which refers to rebuilding the Living Well of our ancestors.
18

109

environmental practices are associated with a potential financial benefit
rather than an environmental protection motivation, due to this fact the
processes are fortuitous rather than expected results. But it is the effect with
respect to the dimension of the response capacity that is driven by CSR
activities through the stakeholders, that calls our attention because it had to
do with the capacity of SMEs to identify possible risks and act accordingly.
This is in line with previous studies which state that some organisational and
managerial characteristics of SMEs (e.g. informal, flexible communication
style, with fewer hierarchical levels) are favourable to their responsiveness
to the changing needs of the company and stakeholders (Torugsa et al., 2012)
and, as a result, these personal attitudes may affect the socially responsible
behaviour of SMEs as dictated by needs on the one hand (Brammer et al.,
2012), and their capacity to innovate on the other (Jenkins, 2006). On the
other hand, the item related to the inclusion of stakeholders at different stages
is considered imperative for a responsible innovation process. This is
supported by Cegarra-Navarro et al. (2016) which stated that the social
responsibility of a company implies the participation of multiple internal and
external stakeholders to generate favourable attitudes and better socially
responsible behaviours. Finally, the item related to the dimension of
reflexivity, which has also proved to be influential within the factor of RI
which shows us that there is a willingness on the part of the owner-managers
of SMEs in the sample to be able to integrate self-awareness values and
beliefs in their activities. In this respect, studies such as for example Jenkins
(2006) and Dangelico and Pujari (2010) showed that awareness of the role
and power of business in society, mostly based on moral and ethical
arguments, i.e. doing "the right thing", that "everyone has a responsibility to
do what they can" is significant and can influence the strategies and culture
of the company (Jansson et al., 2017) in the long term.
Finally, the empirical model validated the H9 hypothesis (β = 0.34, t = 2.68),
which shows that RI has a weak positive effect on the financial performance
in SMEs. This fact can be explained by the conservative and philanthropic
way CSR strategies have on SMEs in the sample. Similarly, the study by De
Poel et al. (2017) showed that responsible innovation driver strategies, such
as CSR, are capable of promoting potential organizational performance, but
these strategies must change their conservative, philanthropic, defensive way
of addressing social, environmental and ethical issues to a progressive way
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of "doing good". Nevertheless, we can state that CSR practices addressed to
key stakeholders (such as customers, employees, environment, and
community) are capable of generating, on the one hand, responsible
innovation and, on the other hand, financial performance in SMEs, which is
in line with the research by Reverte et al (2016), which found that social
responsibility practices have a direct, positive and significant effect on both
innovation and organisational performance covering both financial (such as
level of sales growth; level of ROE; ROA; market share; level of
productivity) and non-financial (the quality of products and/or services
offered) indicators.

4.5. Conclusions
A central conclusion of this research is that responsible innovation has a
partially mediating effect on the relationship between CSR of small and
medium enterprises and financial performance. That is, on the one hand, the
effect of CSR strategies contributes to financial performance in terms of
increased sales, but not in terms of asset performance, suggesting that CSR
activities require time to improve that change, and on the other hand,
although the effect of CSR on performance stakeholders is reduced when
responsible innovation is applied to the model, its effect transmitted through
the dimensions of responsiveness, inclusiveness and reflectiveness can
contribute to winning the loyalty of customers, employees and the
community in the long term. Anticipation was not a sufficient factor in the
model. Therefore, it was not taken into account in the mediation analysis.
Our results also help small and medium-sized business owner-managers to
appreciate the importance of adopting social responsibility strategies as a
mechanism to promote the strengthening of their links with stakeholders and
that this improvement, in turn, has a positive effect on long-term competitive
advantage. Furthermore, with regard to responsible innovation, this study is
one of the few that empirically demonstrates that small and medium-sized
enterprises with a CSR strategy, thought out in economic and personnel
terms, can create "responsible innovation" that results in long-term financial
performance as well as adding value to society.
On theoretical and practical involvement, this study is one of the few
empirical investigations that broadens the understanding of this issue and has
verified the statement made by Valdivia & Guston (2015) that they consider
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the main drivers for promoting responsible innovation in industry to be:
economic incentives and change of corporate culture, both of which are more
or less reflected in the strategy of corporate social responsibility towards
stakeholders and which is causally and ultimately connected to performance
(Freeman, 1984). This study investigated this relationship and in SMEs of a
developing country. The focus is on SMEs, because they represent 98% of
companies in Latin America, and of these, only 5% remained inactive with
respect to internal CSR activities while inactivity was higher with respect to
external stakeholders 39% and the environment 52% (Vives et al., 2005).
Therefore, their combined achievements have the potential to generate a large
impact on the global economy and society. This research can also be used for
future applications regarding the correct implementation of the CSR strategy
that generates responsible innovation and long-term performance in SMEs.
The main limitation of this study has been, on the one hand, the size and
breadth of the sample, i.e. information was collected from only one sector,
which limits the generalisation of results and could be biased towards the
results of the selected sector. On the other hand, the results of this study only
concern SMEs in one of Bolivia's departments, La Paz, and therefore may
not be valid for the whole of Bolivia or another developing country, so a
larger sample should be selected, in different sectors of industry and from
different cities in the country. Finally, one could also think of other
moderating factors that could be involved in the proposed model, such as
Government participation, and Academy as stakeholders in the process.
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Appendix
CSR
Clients.
CUS1: Accurate and complete information on our products and/or services.
CUS2: We are particularly concerned with providing high quality products
and/or services to our customers.
CUS3: We are known for having the best value for money in our products
and/or services.
CUS4: We have effective procedures for handling customer complaints in a
timely manner.

Employees.
CUS1: Commitment to employee health and safety
CUS2: We have human resources policies aimed at balancing the work and
private lives of employees.
CUS3: We encourage the training and professional development of our
employees.
CUS4: Equal opportunities exist for all employees without discrimination.

Community.
COM1: Business procurement policies favouring local suppliers.
COM2: Participation in a project or projects with the local community
COM3: Voluntary employees on behalf of the company.
COM4: Sponsorship activities, charities, etc.

Environment.
ENV1: Programmes for the introduction of alternative energy sources
ENV2: Investments in energy saving programmes.
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ENV3: Recycling and waste management.
ENV4: Ecological packaging/containers

Responsible Innovation
RI1: Does it involve the different stakeholders in the innovation process?
RI2: Are you able to identify potential risks and act on them?
RI3: To what extent do you integrate the values and beliefs of self-awareness
of your activities into a code of conduct?
RI4: Do you take into account the current dynamics of the innovation process
for the design of the future?
Financial performance
FP1: Return on assets (ROA)
FP2: Increasing sales
FP3: Level of productivity
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05

Chapter 5. Discussion and Conclusions

…an interested hope in working toward a future that is revolutionarily, not evolutionarily,
better than the present, and a commitment to bringing about that hopeful future through
action (Bardzell & Bardzell 2014, p.790).

Although innovation and technology, together, have been and still are driven
mainly by markets in the form of novel goods and services and they have led
to competitive advantage and business success, they have also led to the
exclusion of the majority of the world's population, which includes low
income groups. Hence, promoting responsible research and innovation,
strengthening research ethics, enhancing research ethics education, raising
science and technology personnel’s awareness of scientific research ethics,
and guiding enterprises to pay attention to and undertake social
responsibility for protecting ecology and ensuring safety in technological
innovation activities19 (China report, p. 15) could foster the democratic
development of innovation & technology; and in the short and long term
sustainable development in SMEs. Therefore, this dissertation aimed to
understand the adoption of a technology -3D printing- and responsible
innovation to achieve sustainability among SMEs. To this end, three chapters
have each addressed the specific objectives. As shown in chapter one, the
first empirical study was an analysis of factors affecting the adoption of 3D
printing in small and medium-sized enterprises in Arizona in the United
States. The second was a systematic literature review to develop a conceptual
model for responsible innovation and its relationship with business
performance through corporate social responsibility and sustainable
innovation practices in SMEs. The third examines the mediating role of
responsible innovation between CSR practices towards stakeholders and the
financial performance of SMEs in La Paz-Bolivia.

19

Chapter 7, article 24 of the 13th National Science and Technology Innovation Plan 2016–
2020. Creating s social and cultural atmosphere for encouraging innovation.
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The conclusions for each specific objective follow below, together with a
general discussion derived from the results obtained in this thesis. Finally,
the contributions and future research ideas are presented.

5.1. Summary of the conclusions of the specific objectives
1. The first specific objective of this empirical study was to explore key
factors affecting the adoption of 3D printing by SMEs and under the
TOE framework proposed by Tornatzky et al (1990). To this end,
relationships
between
technological,
organisational
and
environmental contexts in small and medium-sized enterprises in
Arizona in the United States were analysed. Based on the results of
Chapter 2, it can be concluded that factors such as relative advantage,
integration, readiness, managerial obstacles, and in turn, external
collaboration foster the adoption of 3D printing in SMEs. These
factors identified in relation to the advantages of the technology will
enable the right decisions to be made and to move from the adoption
to the use of 3D printing in less time, which, in terms of
competitiveness, translates into financial savings. On the other hand,
3D printing should be integrated with other technologies in the current
system in SMEs, which seems to be essential to promote sustainability
and new capacities in accordance with the relative advantages of using
this technology.
2. The second systematic literature review is particularly relevant to
small and medium enterprises because it analysed recent studies on
sustainable innovation and social responsibility practices that could
foster responsible innovation and business performance in SMEs. The
study offered a comprehensive view of responsible innovation
dimensions, the contingent and mediating variables involved,
identification of the main stakeholders’ engagement, and the effect on
short and long term business performance with indicators such as sales
growth, profitability, financial indicators, market share, customer
satisfaction, innovation performance and benefits/utility and, with
indicators related to responsible innovation performance such as
environmental sustainability, social sustainability, diversity and
inclusion, anticipation and reflection. Furthermore, we also found that
business responsibility strategies foster responsible innovation if
(and only if) SMEs act proactively rather than reactively in line
with their impact on society.
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3. The third empirical study analysed whether corporate social
responsibility for stakeholders promotes responsible innovation and
leads to improved financial performance in SMEs in Bolivia. A central
conclusion of this research is that responsible innovation has a
partially mediating effect on the relationship between CSR in SMEs
and financial performance. So, the effects of CSR strategies can
contribute to financial performance in terms of increased sales, but not
in terms of asset performance, suggesting that CSR activities require
time to improve that change, and on the other hand, although the effect
of CSR towards stakeholders on performance is lower when the
mediating role of responsible innovation is applied to the model, its
effect transmitted through the dimensions of responsiveness,
inclusiveness and reflexivity can help to gain the loyalty of customers,
employees and the community in the long term. Anticipation did not
present enough significant value in the model. Therefore, the latter
was not considered in the mediation analysis. Our results also help
small and medium-sized business owner-managers to appreciate the
importance of adopting social responsibility strategies in a proactive
way as a mechanism to promote stronger links with stakeholders,
which in turn has a positive effect on long-term competitiveness.
Furthermore, with regard to responsible innovation, this study is one
of the few that empirically demonstrates that small and medium
enterprises with a CSR strategy, thought out in economic and
personnel terms, can create "responsible innovation" that leads to
financial performance as well as adding value to society.

5.2. Discussion
In the first chapter, we outlined the main themes of this research, such as 3D
printing and business responsibility strategies that could foster responsible
innovation and their relationship with business performance in SMEs. So,
this discussion is subdivided into three sub-sections. The first is related to 3D
printing adoption by SMEs and the second part of the discussion focuses on
the main objective of this thesis, which is to relate business responsibility
strategies and responsible innovation to achieve sustainability in SMEs.
Finally, the last part examines the relationship between CSR, RI and FP of
SMEs in La Paz-Bolivia.
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5.2.1. 3D adoption
3D printing technology and its adoption has barely been studied in relation
to SMEs, as most empirical studies have focused on large companies or a
combination of large and small companies (Deradjat and Minshall, 2017;
Schniederjans, 2017; Yeh and Chen, 2018), especially in terms of the
adoption and implementation of 3D printing technology. Therefore, I was not
surprised to find only a couple of empirical studies related to small and
medium enterprises. Mellor et al (2014) proposed a theoretical framework in
which six factors should be considered in relation to various variables
inherent to each factor for 3DP implementation, while a more recent
theoretical study by Martinsuo et al. (2018) found that SMEs face different
challenges for adopting 3DP throughout the supply chain. However, these
theoretical studies, although well-established based on the existing literature,
offer poor empirical proof, resulting in a significant gap in the literature on
the adoption of 3D printing by SMEs, which this study aimed to fill. In order
to strengthen this area of research, it analysed factors that affect the adoption
of 3D printing by different types of SMEs, taking into account the fact that
both the adoption of a new technology and the size of a company require
different considerations because they encompass different ideas. The former
is related to the decision to use a technology, whereby according to Voss
(1988) the adoption process is its implementation and must be reinvented
with each new technology. The latter is related to the size of the company
and the many differences between small and large companies. For example,
Marri et al. (2007) argued that SMEs have less complex organisational
structures, which could facilitate the adoption process. However, they have
fewer resources (Rahardjo and Yahya, 2010), one of which is the limited/lack
of knowledge and skills that are crucial for successful implementation
(Saberi at el. 2010). Additionally, this study has provided a framework based
on the one proposed by Tornatzky et al. (1990), which is summarized in three
dimensions: Technology - Organization - Environment. TOE has been
recognized as a relevant theoretical framework, as well as a powerful tool
(Yeh and Chen, 2018) to achieve adoption under wider conditions and to
explore the factors of new technology from the perspective of organizations.
The results obtained in this empirical study are in line with the factors
proposed by Mellor et al (2014).
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Regarding technology integration, which stems from the technology
dimension of the TOE framework, the results show that it is the most
important factor and has a significant positive influence on adoption by
SMEs. Past studies have found that large companies might find it harder to
integrate in their processes, while SMEs might have less integration issues,
as they have less complex organizational structures and are thus able to build
a single integrated system. Technology integration is often viewed as a key
factor as it offers more benefits than individual processes, as supported by
studies such as Saberi et al. (2010). Therefore, when companies adopt 3D
printing to enhance their manufacturability over more traditional methods, it
might be integrated with their other systems. Only then will SMEs have a
real possibility to move towards becoming a competitive firm. This is
supported by Mellor et al. (2014).
Relative advantage, which also corresponds to the technological dimension
of the TOE framework, was also analysed, and was not found to be
significant, although it was in the study by Yeh and Chen (2018) on the
factors that influence the implementation of 3D printing by large companies.
This result does not mean that SMEs view relative advantage as unimportant.
In fact, unlike in the adoption stage, relative advantage was found to be a
significant factor behind the intention to adopt 3D printing (Schniederjans,
2017) since smaller companies might experiment with 3D printing
technology at that stage in order to assess the benefits and prevent
unfamiliarity from generating barriers at the adoption stage, as in the study
by Martinsuo et al (2018).
The relationship between 3D printing adoption and the organisational
dimension of the TOE framework was also studied through factors such as
readiness and managerial obstacles. Readiness is the second most important
factor when SMEs adopt 3D printing. There have been diverse findings about
the effects of this criterion in previous studies. For example, Martinsuo et al
(2018) found that the lack of knowledge of 3D printing is the challenge that
interviewees mention most and is hence a barrier to adopting it. In other
words, even if SMEs have conducted some technical assessments, they will
first need to ensure that they have the technical and financial resources to
truly take advantage of it. The readiness factor therefore suggests that firms
are more efficient at using a technology when they have developed certain
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skills in using it. However, our result also shows that SMEs that had been
using 3D printing for less than 2 years (37%) and were perhaps not ready to
adopt it, did so regardless. Thus, SMEs with less complex organizational
structures also learn by doing, and this is especially true for younger
companies (63%), through active experimentation or external collaboration,
which is supported by Martinsuo et al. (2018). The results regarding
managerial obstacles are negative, as expected. This suggests that SMEs are
concerned about identifying threats in order to support the implementation of
3D printing. Nevertheless, it is important to highlight that SMEs are more
sophisticated nowadays (Chan et al., 2012) when it comes to resolving
technological issues that could hinder their adoption of 3D printing.
In the environmental dimension, competitive pressure and customer
requirements were not significant, which suggests that companies that have
adopted 3D printing will be more concerned about its effectiveness in terms
of their own capabilities or collaboration with other companies than they are
about the competition. This result is consistent with previous adoption studies
(Chan et al., 2012). Our result also shows that even if external collaboration
can foster the adoption of 3D printing (Deradjat and Minshall, 2017;
Martinsuo et al., 2018), greater effort, beyond the adoption of 3D printing, is
required to achieve a competitive business. More specifically, the findings of
this research suggest that factors such as relative advantage, integration,
readiness, managerial obstacles, and in turn, external collaboration foster the
adoption of 3D printing in SMEs.
From the sustainability standpoint, could 3D printing contribute to the
sustainability of micro, small and medium enterprises? My main argument
for considering the future adoption of 3D printing is that (see ecosystem
proposal in the contribution section of this thesis) together with its capacity
for innovation as "the elephant in the room" (Hornick, 2015), it could offer
an alternative to the production system, that is, democratize it. Therefore,
in the long term, on the one hand, it might promote sustainability in SMEs,
and on the other hand, it might promote the United Nations proposal with the
development of 17 Sustainable Development Goals (SDG) for 2030, that is,
to face the great challenges of poverty; degradation of natural resources;
climate change; economic progress; and the well-being of society but, as
important as "innovation" is the need for it to be "responsible" (Auer and
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Jarmai, 2018; Martinuzzi et al, 2018; Ribeiro et al., 2018; Von Schomberg,
2013).
5.2.2. The dimensions of responsible innovation and its relationship
with business responsibility and performance
Chapter three of this dissertation sought to understand how "innovation" and
"responsibility" are articulated with business performance and in a small and
medium enterprise context, albeit partly driven by similar approaches with
alternative terminologies such as "sustainable innovation20" or "corporate
social responsibility21" practices and other similar terms. Responsible
innovation is incorporated in the previous literature along with its dimensions
- anticipation, reflexivity, inclusion, responsiveness - (Stilgoe et al, 2013)
with the aim of "innovating with and for society". However, according to
the authors, responsible research and innovation is still at the theory-building
phase, which is not surprising because the term RI (or RRI) only appeared
for the first time in the Sixth Framework Programme (EU Regulation No
1291/2013), so its integration into the industry is still in its infancy, and is
greater when it comes to small and medium-sized enterprises. Chapter three,
therefore, aimed to contribute to the academic literature in the field of
responsible innovation, but most importantly to offer a practical conceptual
framework that shows the relationship between the practices that drive the
dimensions of responsible innovation and their relationship with business
performance in SMEs. In order to understand the implications of "responsible
innovation", it is important to understand how it should be fostered, as well
as to show its contribution in relation to short and long term business
performance, and its tangible and intangible benefits and for the
sustainability of SMEs.

20

Sustainable innovations are defined as innovations in which the renewal or improvement
of products, services, technology or organizational processes not only provide better
economic performance, but also greater environmental and social performance, both in the
short and long term (Bos-Brouwers, 2010 ). Similar terms include eco-innovation,
environmental innovation and ecological innovation according to the study by
(Franceschini et al., 2016).
21
The European Commission's Green Paper of July 2001 defined corporate social
responsibility as a concept whereby companies integrate social and environmental concerns
in their business operations and in their interaction with their stakeholders on a voluntary
basis.
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Based on these pre-design characteristics, in the literature review we
highlighted two important initial aspects, on the one hand, that CSR strategies
could drive responsible innovation through economic incentives and change
in business culture, which is supported by the Valdivia and Guston (2015)
study. On the other hand, systematic reviews of literature related to corporate
social responsibility practices or other similar terms show that there is no
clear consensus on these definitions. For example, the study by Ortiz-Avram
et al. (2018) found a diverse selection of terms used by different authors to
refer to CSR or other alternative terms, which undoubtedly makes it difficult
for them to be consolidated. The same study grouped the terms used in the
literature for CSR into four topics: 1) ethical values and social
connections/relationships of the entrepreneur or owner manager, 2) relevance
of business context and long-term performance, 3) importance of formal
processes for CSR integration, and 4) political issues with relevance to CSR.
In light of these previous conceptions, the systematic literature review was
conducted.
Responsible innovation is a continuous process of aligning research and
innovation with society’s values, needs and expectations (European
Commission, 2014). In the case of industry, RI has also been a topic of
discussion, because it connects the basic concerns of business with the global
challenges of society, i.e. the challenge for companies in this increasingly
competitive world to innovate in order to generate economic benefits, but
also to generate social value, in such a way that "responsibility" is deeply
rooted in the conscience of entrepreneurs, and consequently in the DNA of
companies (Visser, 2010). However, RI integration in business is still in its
infancy (de Poel et al., 2017; Ribeiro et al., 2018) because there is not yet a
clear understanding of what should be "done " (Ribeiro, Barbara E and Smith,
Robert DJ and Millar, 2017), especially in SMEs that are largely unaware of
what the concept of RI implies (Auer and Jarmai, 2018). So, as an emerging
topic very little research has been done to understand its influence on social
values and organisational capacities in a practical way (Pandza and Ellwood,
2013). This study therefore explored the little studied relationship between
practices that promote responsible innovation and business performance in
SMEs.
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To do so, we started from the responsible innovation framework proposed in
the research by Stilgoe et al (2013) and, which is now a benchmark in the
literature. The framework consists of the proposal of four dimensions anticipation, reflexivity, inclusion, responsiveness - each of which indicates
a reflection on the purpose of innovation. In this study, I included an
additional dimension of knowledge management proposed by Lubberink et
al (2017). The latter, due to the fact that SMEs, which lack human and other
resources, are constantly looking for opportunities to expand and build
knowledge and also be able to extend it to the rest of the employees (AragónCorrea et al., 2008). Hence, through a systematic review of the literature on
corporate social responsibility and sustainable innovation practices related to
innovation and business performance, we have developed a conceptual
model for "responsible innovation" and its relation to performance in small
and medium sized enterprises, taking into account the five dimensions
proposed in the previous literature for responsible innovation, which are:
anticipation, reflexivity, inclusion, responsiveness, and knowledge
management. The results enable a comprehensive view of RI and practices
that promote them, together with their potential benefits for company
performance. From there, its systematic integration into their strategy can be
considered. On the other hand, responsible innovation changes the perception
with regard to stakeholders, i.e. this study reinforces the new direction
promoted by RI and in response to stakeholders' values (Stilgoe et al., 2013),
because it is capable of unambiguously articulating stakeholders' interests,
without ignoring those who will be affected. In other words, these are
sustainable solutions that correspond to the impact on society. Moreover, the
dimensions of responsible innovation that are driven in SMEs by CSR and
SI practices and that are related to organizational performance according to
the conceptual model proposed in this study are described below.
Reflexiveness, which refers to the process of self-awareness, rather like
holding up a mirror to scrutinise oneself. This moral and ethical culture
encourages them to perform their tasks and responsibilities in a more
committed and satisfying manner. Inclusion refers to stakeholder’s
participation at different stages for increasing commitment and contribution,
which is considered imperative for the responsible innovation process.
Responsiveness, which means responding to newly emerging knowledge,
perspectives, users’ views. This is a key activity that suggests reinventing
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(innovation and organization) to align with recognized needs. For example,
a company that produces and sells light bulbs will be able to switch from
conventional ones to energy-saving bulbs. Knowledge management, SMEs
are often forced to prioritize their investment in more immediate and urgent
business needs. Then activities that are implemented to create knowledge,
share it, transfer it and apply it through members, allow to solve some of
those knowledge gaps needed to develop innovation. Social responsibility
strategies have a positive relationship to learning orientation, which is viewed
as a process of developing employees’ competences, skills and knowledge to
help SMEs to boost competitiveness. Finally, anticipation, which involves
systematic thinking in order for organisations to consider uncertainty, the
possibility of something happening or not happening, what is possible, risk.
However, in the literature review the findings show that in the context of
SMEs responsible actions are the result of unplanned actions. Consequently,
responsible innovation needs to be supported or even initiated by
institutionally powerful actors such as government.
The findings could also encourage and help small and medium-sized
enterprises to make sense of their activities, strategies and policies linked to
sustainable innovation and corporate social responsibility because
"responsible innovation" is connected to these strategies. It can therefore be
concluded that CSR and sustainable innovation practices promote
"responsible innovation" and lead to better performance by SMEs as well as
adding value to society in the long term. This therefore seems to promote
short- and long-term sustainability in small and medium-sized enterprises.
5.2.3. CSR practices associated with the spread of responsible
innovation and financial performance
To confirm whether there is a relationship between CSR practices, RI and
FP, a third quantitative empirical study has been developed in this research
and in the context of a developing country, namely Bolivia. In the debate on
"responsible innovation", it is just as important to know who will contribute,
i.e. the involvement of stakeholders; it is those who will also be affected by
the innovation process. In this last study and following the literature review
in the previous chapter, we therefore focused on understanding the practices
and strategies that promote responsible innovation in a general way, and
specifically focusing on the ultimate context of this research, Bolivia. In the
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case of SMEs, the most important stakeholders identified in the previous
literature are employees, clients, communities, environment, governments
and universities, among others (Muñoz-Pascual et al., 2019). We therefore
included four key actors in the empirical analysis and from the perspective
of the owner-managers of small and medium enterprises: employees, clients,
community, and the environment. In addition, we obtained qualitative
information from two key actors to understand their influence and power
relations: Government and Academia. In the latter case, a total of seven semistructured interviews (3 with government officials and 4 related to academia)
were conducted. This analysis has been included in the contributions section
of this dissertation and its codification is shown in the Appendix.
But going back to the third and final empirical study in this research related
to CSR practices associated with the diffusion of responsible innovation
among SMEs in a developing country, the results confirmed on the one hand
a positive relationship between the CSR towards stakeholders and financial
performance, and on the other hand that the RI that is promoted by the CSR
plays a full mediating role in the relationship between the CSR and the
performance of SMEs. In the first finding, the hypotheses confirmed that
employees, customers and the environment are the most important
stakeholders for SMEs, and that their relationship with financial performance
is positive but weak, a result in line with the findings of the study by Jain et
al. (2016) that found a positive but also weak relationship between CSR
towards stakeholder and FP in SMEs. The above shows that although the
CSR strategy contributed positively to stakeholders (such as clients,
employees and the environment), it is still conceived in philanthropic terms
and not in strategic terms.
In the case of CSR activities towards the community, the study by Choongo
(2017) found that SMEs engage in such activities when they perceive
benefits. In our study this hypothesis has been rejected, which suggests to us
that this could have been due to the short-term vision that our measurement
instrument might have interpreted. Because, in the context of our sample a
clear influence of the communities can be perceived at company level. Then,
SMEs cannot ignore the expectations of the community, and that in the long
term will favour the mutual support of the company and the community
(Stoian and Gilman, 2017) and will lead to better financial performance

125

(Choongo, 2017). On the other hand, our study has found that RI reflects a
partial positive spill-over effect, i.e. if a CSR strategy towards stakeholders
is correctly adopted, this could be a useful long-term strategy for SMEs to
achieve financial performance through responsible innovation.
In the process of convergent validation of the model, it was found that of the
dimensions related to RI, responsiveness was the most significant (36%),
followed by the item related to the inclusion dimension (27%) and the item
related to the reflectivity dimension (27% ). Regarding Anticipation
dimension, CSR activities are the result of unplanned actions in the sample,
which is in line with the findings of our previous study on the approach using
a conceptual model (chapter 3). In addition, similar findings are reported in
the study by Cassells and Lewis (2011) which found that although 80% of
owner-managers declared they were aware of the possible risks to the
environment derived from the work they do, only 87% agreed that regulation
alone cannot protect the environment without the voluntary actions of
companies. It was also found that environmental practices carried out are
associated with a potential financial benefit rather than motivated by
environmental protection, which is why processes are fortuitous rather than
expected results.
To summarise, we can conclude that our model found that responsible
innovation has a weak positive effect on the financial performance of SMEs
that can be explained by the conservative and philanthropic approach to CSR
strategies among SMEs in the sample. Similarly, the study by De Poel et al.
(2017) showed that strategies to drive responsible innovation, such as CSR,
are capable of promoting potential organizational performance, but these
strategies must change their conservative, philanthropic, defensive way of
addressing social, environmental and ethical issues to a progressive way of
"doing good". Nevertheless, we can state, in a similar way to the study by
Reverte et al. (2016), that CSR practices addressed at key stakeholders
(such as customers, employees, environment, and community) are
capable of generating, on the one hand, responsible innovation and, on
the other hand, financial performance in SMEs.
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5.3. Contribution of this thesis
This section presents the main theoretical contributions. Also, implications
for academia, practitioners, and decision makers.
5.3.1. Theoretical contribution
This dissertation in Business has concentrated on the study of two fields,
technology & innovation but responsible for firm performance and
sustainability. Therefore, its contribution is directed to the field of RI in the
context of SMEs. RI challenges existing epistemological approaches,
therefore connecting this approach with conventional thinking that is
dominated by the science-driven paradigm that delivers a product or service
through innovation has been a challenge. To this end, this thesis used a threedimensional approach to understand the potential for adoption of an
emerging technology (Chapter 2), the role of responsible innovation in shortand long-term performance-sustainability respectively (Chapter 3) and the
mediating role of RI in the relationship of social responsibility towards
stakeholders and financial performance (Chapter 4). These studies within the
context of SMEs. In the first case, we consider that what makes a technology
valuable is often not the technology itself, but the experiences associated with
it. In that sense, although there is a huge potential identified by academics
and practitioners associated with 3D printing technology (see chapter 1), in
this research it has not been our aim to focus on the final results or resulting
applications whether these are pros (e.g. healthcare, clothing, automotive,
architecture, sports, aerospace, robotics, furniture, consumer goods,
education, food, etc.) and cons (e.g. constraints such as price, intellectual
property rights or lack of knowledge), since technology can be as good as the
person using it. Instead, our aim has been to explore empirically the key
factors affecting its adoption and implementation with an in-depth analysis
within three dimensions, i.e. in terms of technology, organisation and
environment. The results of this study contribute to the literature on the
adoption of this technology within a small and medium enterprise context. In
addition, this study provides insights to owner-managers who currently use
or intend to use this technology.
In the second case (chapter 3), the United Nations and its programme of
aspirations for sustainable development requires that governments, the
business sector, society and stakeholders share efforts to promote well-being
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while protecting the planet (see chapter 1). From a business point of view,
although performance is estimated on the basis of certain financial indicators
identified in our short-term conceptual model, the conceptual model is
explicit in identifying the need to develop and integrate competences for
anticipation, reflexivity, inclusion, responsiveness, and knowledge
management. This implies on the part of companies to take a step further in
their social responsibility strategies as an adaptive, flexible process that is
capable of learning and providing the necessary input for RI and the inclusion
of stakeholders. Thus, the contribution of this study is aimed at companies to
respond and give some guidelines to the who and what drives the change in
companies and legitimates RI with short and long term benefits, this last one
will also allow to achieve sustainability in SMEs.
In the third case (chapter 4), in order to explore the mediating effect of RI,
the relationship of the CSR strategy toward stakeholders with the likelihood
of their promoting RI on the one hand and financial performance on the other
hand has been investigated. In contrast to the conventional study of analysing
only internal stakeholders linked to the company, this research incorporates
external stakeholders, which means stakeholders considered important in the
innovation process, but also those who will be affected by this process.
Moreover, this research has produced new knowledge that can be considered
timely and important for the case study investigated because, it incorporates
broader considerations of stakeholder inclusion, which is the thoughtful
consideration of an employee's inclusion up to that of a citizen of the society
at large. However, although microcredits may be strongly questioned because
of the great scope and profits they generate today, it is important to note that
before this modality it was unthinkable that a bank, as we know it, could grant
a loan to an insolvent and low-income person. Therefore, the objective with
which they emerged is noble because they rely on initiatives for the inclusion
of low income people or groups of people to reduce poverty in which they
find themselves, mostly in the informal sector in Bolivia, the so-called "base
of the pyramid". That as Roosevelt (1932) rightly described in his speech
"The Forgotten Man", the inclusion of neglected low-income groups in
economic development has great potential to generate benefits.
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5.3.2. Contribution to academia
In the light of the discussions and the results obtained in this thesis, there are
three main research contributions. Firstly, researchers could consider
responsible innovation as an essential strategy to respond to the challenges
of innovating with and for society, and to achieve democratic development
of emerging technology, allowing early inclusion of stakeholders in the
innovation process and ensuring responsible outcomes. To this end,
responsible innovation must be supported by institutionally important
actors (Pandza and Ellwood, 2013), especially when it comes to achieving
internalisation and implementation of its dimensions, otherwise
responsibility may be perceived as a subject loaded with tensions and
contradictions. Researchers might consider the latter, the institutionally
powerful actors, as an additional aspect to the existing framework and
dimensions of responsible innovation. Secondly, in this dissertation the
mediating effect of responsible innovation on CSR/SI practices and
organisational performance promotes stakeholder engagement at different
stages (Torugsa et al., 2012; Sancho et al., 2018), increased stakeholder
engagement and contribution(Hammann et al., 2009; Perrini et al., 2007),
responsiveness (de Poel et al., 2017; Burget et al., 2017 Hsuet al, 2017),
values and motivations for responsible actions (Jain et al., 2016; BurleaSchiopoiu and Mihai, 2019), and knowledge creation and development
(Ortiz-Avram et al., 2018; Williams and Schaefer, 2013). However, the
results are inconclusive and could be considered in further studies, in
different contexts, such as a mediating effect on R&D strategies and
innovation performance (see for example Cruz-Cazares et al.,2013), RI with
the relationship between proactive CSR and organizational performance (see,
for example, Torugsa et al., 2012) and RI with the relationship between
socially responsible human resource management and organizational
performance (see, for example, Sancho et al., 2018) among others.
Finally, responsible innovation is a strategy that promotes sustainability in
SMEs. Based on the results of this thesis, it can be appreciated to what extent
companies were responsible in their innovation processes through the
construction of the RI dimensions. For example, in the process of selfawareness of the reflective dimension, it is evident that SMEs are already
participating in reflection on innovation processes and that they are inspired
by a mixture of personal, cultural and even religious motivations among SME
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managers (Jamali et al., 2009). Consequently, these strategies have the
support of their founders and/or top managers. However, from an economic
point of view, the moral persuasion of the owners may be conditioned by
their financial capacity and, therefore, a regulatory framework seems to be a
possible driver (El Baz et al., 2016; Li et al., 2016) but it could also be a
possible obstacle to responsible innovation when the regulatory approach is
not clear (Dangelico and Pujari, 2010), or there is no specific regulation
(Stahl et al., 2019), or there is too much legislation to be complied with. On
the other hand, the inclusion of stakeholders has been one of the most found
dimensions in the literature. This concerns the involvement of stakeholders
at different stages of innovation development, but results also show that
stakeholders were predominantly customers, employees and suppliers, i.e.
people directly related to SMEs. However, the inclusion dimension refers to
stakeholder participation in a broad way (Lubberink et al., 2017; Stilgoe et
al., 2013) that has been studied in the previous literature but less frequently
(see conceptual model of IR for SMEs). Therefore, there is a need to seriously
consider multi-stakeholders rather than just one party because their
involvement promotes increased commitment and contribution, which is a
key factor for business responsiveness and sustainability in the short and long
term. Thus, the efficiency of responsible innovation will lead to
sustainable business performance for SMEs to the extent that the
practices that promote it become part of integrated and formalized
practices in strategic and proactive processes.
5.3.3. Contribution to practitioners
According to the results obtained in this thesis, there are three main
contributions to professionals. Firstly, they could consider adopting 3D
printing to survive the global and highly competitive environment, thus
achieving a sustainable competitive advantage along the production chain design, development and manufacturing - and due to the variety of
innovations and disruptive applications offered by customisation. 3DP
consists of various technologies and processes, the most used of which
include stereolithography, molten deposit modelling and selective laser
sintering (Mellor et al., 2014), as well as various categories of use, such as
prototyping, finished products, mixing of prototypes and finished products,
with applications ranging from the simple manufacture of toys and gifts, to
more complex manufacturing applications with high added value in the

130

biomedical, automotive and aerospace sectors, among others. 3DP has
experienced tremendous growth in recent years. Its use worldwide has
doubled in less than 10 years, but the adoption of 3D printing by industries
is not yet widespread (Yeh and Chen, 2018), and understanding of the
adoption process is particularly poor with regard to SMEs (Martinsuo et al.,
2018). Indeed, Ruffo et al. (2007) argue that before considering the use of
3DP technology as a solution for manufacturing, there are many barriers that
need to be considered such as: 1) manufacturing processes and materials, 2)
design, and 3) management, organisation, and adoption/implementation.
Additionally, other researchers state that application without prior experience
is not useful. In response, professionals from micro, small and medium
enterprises may see 3D printing technology as a way to exploit knowledge
and creativity through innovation, because in order to adopt and implement
it, key factors such as relative advantage, integration, readiness, managerial
obstacles, and in turn, external collaboration, must be taken into account. In
this vein, SMEs will be able to move from the functional prototype to the
final product.
Secondly, practitioners may find it relevant to include their corporate social
responsibility strategies within corporate strategic objectives, because these
practices not only promote "responsible" behaviour towards external and
internal stakeholders (Perrini et al., 2007), but are also drivers of responsible
innovation. RI in SMEs, in addition to influencing business performance,
which is already important for their survival, emphasizes the
importance of stakeholder participation in trying to link the innovation
process with the concept of responsibility, which is crucial within the RI
debate (Von Schomberg, 2013). Then, the selection of stakeholders lies in
who will contribute, but also who will be affected by the innovation process
because, when these stakeholders understand the objectives to follow RI
principles they can commit themselves to their achievement (Chatfield et al.,
2017). So, the effect exerted by a single stakeholder in an enterprise depends
on how other stakeholders work consistently with or against it. Thus, the
consideration of individual stakeholders alone is not sufficient to explain the
environment in which an enterprise operates, but rather "jointly" with other
stakeholders (Tang and Tang, 2018). Despite their importance, stakeholders
are included at a late stage of the innovation process, when the product or
service is already on the market, which allows for some adaptation of
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solutions, but of a limited nature. It is therefore suggested that practitioners
should include stakeholders earlier in the innovation process in order to
ensure responsible outcomes (Silva et al., 2019). In the case of SMEs, the
main stakeholders are mainly employees, clients, community, environment,
governments and universities, while others include investors, market and
competitors (Muñoz-Pascual et al., 2019).
Finally, SME professionals could incorporate responsible innovation
strategies because it is clear that the benefits of their implementation go
beyond the purely operational. This aspect has been highlighted by the results
of this thesis, that is, by connecting the challenge that companies have of
innovating to generate economic benefits in this increasingly competitive
world, but also to generate social value, in such a way that "responsibility" is
deeply rooted in the conscience of entrepreneurs, in their DNA. The latter
implies that SMEs, which constitute 95% of all companies in the world (Khan
et al., 2020), and whose impact represents approximately 64% of pollution
and waste in Europe (European Commission, 2002), could have an equally
positive and significant impact by adopting responsible innovation policies
and practices (Aragón-Correa et al., 2008; Bos-Brouwers, 2010; Cassells and
Lewis, 2011).
5.3.4. Contribution to decision makers
Based on the results of this research, the process of adopting 3D printing has
been examined, together with responsible innovation and its relationship with
business performance, both in the context of SMEs. But these efforts in
isolation are not sufficient for the sustainable development of SMEs in
Bolivia, so a contribution derived from this dissertation concerns how 3D
printing technology and responsible innovation can be articulated in a 3DP
responsible innovation ecosystem for the sustainability of MYPES in Bolivia.
However, a multi-level system of a complex whole requires the knowledge
of "how" and "who" to relate these component parts. In other words, this
means joining efforts and synergies between various key actors and
dimensions of development as fundamental elements of an integrated system
which, for a developing country as Bolivia, is not only compulsory but also
a determining factor for the socio-economic development of micro, small and
medium enterprises. However, this process is complicated because there are
different frameworks, theories and models for analysing parts of a complex
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multilevel set. So, in this section, and as part of the contributions aimed at
decision-makers, I propose a brief outline of this ecosystem.
The responsible innovation ecosystem for 3D printing for the socioeconomic22 sustainability of SMEs in Bolivia is understood to mean the set
of actors and processes that, through their cooperative and competitive
interactions, make innovation happen and, in doing so, co-evolve (Fransman,
2018). The conceptualization of a responsible innovation ecosystem
emphasizes that the how and the who of innovation are at the centre of the
conceptualization of the ecosystem and its functions. In Figure 12, I propose
the how and who of the ecosystem. In addition, the appendix provides a brief
summary of the obstacles/challenges identified in semi-structured surveys of
government officials, academics and owner-managers of small and medium
enterprises in Bolivia to understand power relations. Decision-makers may
therefore consider that the findings of this research could help to create:
• Policies that promote the development of responsible innovations
aimed at the sustainability of SMEs;
• Adoption of emerging technology such as 3D printing given its
potential to democratize manufacturing and its relationship with the
SDGs
• Promote the institutionalisation of corporate social responsibility
practices that promote both IR and corporate performance in the short
and long term;
• Greater understanding of the importance of collaboration with
stakeholders, which is a key factor in a responsible innovation
process.

22

Socio-economic development incorporates public concerns in developing social policy
and economic programmes. The ultimate objective of social development is to bring about
sustained improvement in the well-being of the individual, groups, family, community, and
society at large. It involves sustained increase in the economic standard of living of a
country's population, normally accomplished by increasing its stocks of physical and
human capital and thus improving its technology (IGI Global).
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Figure 12 . Responsible innovation ecosystem for 3D4D
Source: Own elaboration.

5.4. Future research
Future research could focus on at least three aspects derived from this thesis.
Firstly, it could link responsible innovation to inclusive innovation. As
discussed above, innovation is synonymous with novelty, even though it has
been, and continues to be, a driving strategy for achieving competitiveness at
the enterprise level. Innovation also tends to increase inequality in terms of
technological goods and services (Papaioannou, 2018). Furthermore, this
characteristic of novelty when innovation occurs tends to widen the gap
between rich and poor, thus excluding more poor countries like Bolivia.
According to the International Monetary Fund (IMF), 85% of the world's
population live in poor countries, approximately four billion people (Agola
& Hunter, 2016). Inclusive innovation can therefore reduce these unfair
inequalities. But what do we mean by "inclusive"? Inclusive innovation is
defined as the development and implementation of new ideas that aim to
create opportunities that improve the social and economic well-being of
disenfranchised members of society (George et al., 2012). In fact, a
significant number of researchers agree that innovation, when responsible
and inclusive, "has the potential to address a number of major challenges",
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such as water, food, clothing, housing, healthcare, sustainability, education,
and so on. So, to be effective, this innovation must be responsible and
inclusive of the needs and interests of the people at the Base of the Pyramid
(Papaioannou, 2018).
Secondly, how could responsible and inclusive innovation and 'appropriate
technology' offer an alternative to shape an ecosystem where the focus is on
BoP innovators? This idea for future research raises some considerations for
debate such as why so many projects and efforts have focused on closing the
gap between developed and developing countries for over two decades, and
yet the result has been a widening of the gap. For example, since
Schumacher's idea of 'Appropriate Technology' was introduced in 1964,
there has been an alternative to the traditional model of innovation, because
appropriate technology recognises the potential of a particular community,
incorporating the needs and interests of the BoP, and gradually boosts its
socio-economic development (Dunn and others, 1979). In fact, and according
to academic research, "Inclusive Innovation" due to affordability, cost
reduction, sustainability, quality and accessibility for BoP seems to have
huge potential as a development opportunity for BoP but above all as a
"moral obligation " (Papaioannou, 2018).
Finally, many 3D printing entrepreneurs see this technology as part of a
system of emerging technologies that are building an inclusive knowledge
framework. Although a responsible innovation ecosystem for 3D4D has been
outlined in the contributions section, it could be developed and analysed
empirically because there is a strong belief in the 3D printing community that
this technology will enable anyone, regardless of their background, to create
an innovation. This is a radical change in belief because, in developing
countries, it is believed that innovations can only be developed by skilled
professionals. Another aspect of 3D printing in a post-structural inclusive
society is that technology is being used to educate students and give them a
new perspective on innovation. Technology is expected to alter the way
young people approach design and, over time, a larger part of the population
will be involved in creating new and inclusive responsible innovations.
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