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ABSTRACT

ARTICLE HISTORY

Managing technological innovations in the knowledge-intensive and dynamic biotechnology
industry involves the effective application of knowledge. Knowledge management has been
shown to improve technological innovation capabilities, thus indirectly contributing to sus
tainable competitive advantage. This paper views knowledge management from a process
capabilities perspective and aims to understand its role within the technological innovation
process in biotechnology sector in the Netherlands. Through a qualitative and exploratory
research design including 15 biotechnology case interviews, three general roles of knowledge
management processes were identified: a key role, a supporting role, and a complementary
role. The roles depend on the innovation phase. Four propositions are introduced and shed
more light on the role of each individual knowledge management process with respect to the
different innovation phases. Understanding how these processes work throughout the innova
tion process will provide insight for organisations on how to use knowledge management
effectively to improve the innovation process performance.
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1. Introduction
The biotechnology sector is an emerging field that
offers products for a broad range of markets, such as
the pharmaceutical and industrial industry (Warf,
2010). Generally, the biotechnology domain is char
acterised by its dynamic nature and rapid pace of
innovation which require flexibility and resilience
from organisations part of this domain (Warf, 2010).
To stay ahead of their competitors and changing
environment, a proven strategy for biotech enterprises
is to invest in innovation (Da Silva et al., 2016). These
innovations are often technological in nature and are
based on the creation and application of knowledge
from industry and science. To utilise this knowledge
effectively, it is essential that a company knows how to
manage the large amounts of knowledge available for
technological innovations. This concept is called
knowledge management (KM) and has gained signifi
cant attention over the last couple of decades (Lee
et al., 2013). In the KM domain there is no consensus
on one explicit definition (Claver-Cortés et al., 2007;
Ode & Ayavoo, 2020; Palacios et al., 2009).
Rubenstein-Montano et al. (2001) have proposed
a definition that is based on common elements
throughout literature: KM can be considered the uti
lisation of intangible assets for value creating pur
poses. Generally, KM comprises all ways of
effectively using knowledge to create value for and
within a company. It is for example, associated with
organisational learning, creation and facilitation of
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ideas, and intellectual capital (Storey & Barnett,
2000). All of these aspects have one thing in common:
they are based on knowledge – an intangible and
extremely valuable asset. Since innovation, knowledge
and its management seem to be closely linked it is
interesting to take a closer look at their connection.
López-Nicolás and Meroño-Cerdán (2011) have
already shown that there is a positive correlation
between knowledge management and the develop
ment of technological innovation capabilities (TIC)
which in turn can create and maintain a sustainable
competitive advantage (SCA; Handiwibowo, 2019; Lai
et al., 2014). Nevertheless, in-depth research regarding
knowledge management in the biotechnology industry
is not abundant, even though it is one of the best
examples of a knowledge intensive industry
(Zbuchea et al., 2019).
To increase understanding of KM in biotechnology
industry, more concrete information is necessary on
how enterprises and managers can use KM to their
benefit in the innovation process (Darroch &
Mcnaughton, 2002). To bring a technological innova
tion to the market, the innovation passes multiple
stages of maturity. The three main stages of technolo
gical innovation that are used as a guideline in this
research are the idea phase, the development phase
and the commercialisation phase (Da Silva et al.,
2016). Each innovation phase is dependent on knowl
edge, however, data on how this knowledge is mana
ged to create technological innovation is scarce (Ode

Wageningen Universiteit en Research, Wageningen 6700 HB, Netherlands

© 2022 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/bync-nd/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or
built upon in any way.

2

M. V. BLOEM AND N. SALIMI

& Ayavoo, 2020; Tseng, 2009; Zhou & Li, 2012).
Especially since there is no agreement on the defini
tion of KM in literature, it is difficult to understand its
mechanism and influence in the innovation process
(Claver-Cortés et al., 2007; Ode & Ayavoo, 2020;
Palacios et al., 2009). De Antunes and Pinheiro
(2020) and Gold et al. (2001) have divided KM into
four general processes that can affect and guide an
innovation in its development: knowledge acquisition,
knowledge conversion, knowledge application, and
knowledge protection. How these processes start,
evolve and influence the different innovation stages
is yet to be determined. This study aims to fill this
research gap by understanding the roles that the four
KM processes take on during different stages of the
technological innovation process in biotechnology
industry.
This paper is structured as follows: the next section
elaborates on the four KM processes (Section 2).
Section 3 provides a detailed explanation of the
research design, followed by an overview of the results
(Section 4). Section 5 discusses the results and intro
duce four propositions. The paper ends with conclu
sion and an outlook.

2. Theoretical background
2.1. Knowledge management
In the past decade, knowledge has developed from
a mere scientific asset to an essential building block
of modern industry. Where knowledge was first only
applied in scientific research, it is now a valuable
resource for competition among a broad range of
industries (López-Nicolás & Meroño-Cerdán, 2011)
which has positive impact on different dimensions of
firms’ performance such as economic and financial
performance, market performance, and technical per
formance (Carlucci & Schiuma, 2004; Cerchione et al.,
2016; Choi et al., 2020). In the litarture how knowledge
management impact on business performance is stu
died in various studies such as Carlucci and Schiuma
(2006) and Carlucci et al. (2004). According to the
theory of the resource-based view (RBV), distinctive
resources and capabilities contribute to a competitive
advantage when they meet the following criteria: they
are valuable, rare, inimitable, and obtain organisa
tional support (Johnson et al., 2009). The knowledgebased view (KBV) extends this theory by emphasising
that knowledge is the most significant strategic
resource of an organisation (Ode & Ayavoo, 2020).
However, understanding that knowledge is
a fundamental resource does not automatically result
in a secure market position. To improve resources,
skills and capabilities, organisations must be able to
effectively create, manage and apply knowledge, not
just collect and store it (De Antunes & Pinheiro, 2020;

Lee et al., 2013; Ramachandran et al., 2009). KM is also
introduced in the litrature as a useful way to help
organisations to survive in crisis or pandemic situa
tions such as Coronavirus crisis (Ammirato et al.,
2020; Schiuma et al., 2021).
KM is the domain that is concerned with the pro
cess of effective use of knowledge (Afacan Fındıklı
et al., 2015). Effective use of knowledge can be
achieved by a combination of a robust knowledge
infrastructure and process capabilities (Gold et al.,
2001). Knowledge infrastructure comprises all compo
nents that facilitate the KM processes (i.e., IT systems,
structure, and culture), whereas the process capabil
ities refer to the ability and competences of an orga
nisation to effectively put knowledge to use (Iqbal
et al., 2019). De Antunes and Pinheiro (2020) and
Gold et al. (2001) present four KM processes that
comprehend the most important process capabilities:
acquisition of knowledge, conversion of knowledge,
application of knowledge, and protection of
knowledge.
2.2. Knowledge management processes
2.2.1. Knowledge acquisition
Generally, knowledge acquisition is based on two ele
ments: the organisation’s own knowledge base and
external knowledge acquisition (Sanz-Valle et al.,
2011). Afacan Fındıklı et al. (2015) build on this idea
by dividing the knowledge acquisition process into
two complementary parts. The first part consists of
accumulation: information is collected from the orga
nisation’s environment – both internally and exter
nally (Sanz-Valle et al., 2011). The second element of
knowledge acquisition is the creation of knowledge by
for instance, the research and development (R&D)
department.
Although knowledge acquisition seems to be essen
tial for innovation, it remains a challenge for many
organisations. One of the obstacles is ignorance of
employees and the organisation itself. The inability
to exploit external knowledge sources in combination
with a lack of retentive capacity poses a challenge for
the valuation and utilisation of knowledge (Szulanski,
1996). This barrier is difficult to overcome since the
problem lies within the absence of understanding. The
individual has to become aware of its resources and
should remain perceptive towards any need in the
environment. This is the basis of knowledge sharing
(Ipe, 2003; Sanz-Valle et al., 2011). Knowledge sharing
within an organisational context is one of the biggest
challenges for managers (Storey & Barnett, 2000). If an
organisation is able to share its knowledge throughout
the whole organisation, its capabilities and competen
cies become extremely difficult to imitate, indicating
the value of effective knowledge sharing. Another
valuable aspect of knowledge sharing is related to
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overcoming individual limitations. By exchanging
information between employees, knowledge can be
applied in a different context leading to the creation
of new concepts or ideas (Wee & Chua, 2013).
One overarching theme that is recognised with
regard to the acquisition of knowledge is the ability
of the recipient to actively identify, assimilate, and
apply the knowledge to commercial ends (Cohen &
Levinthal, 1990). This is referred to as absorptive
capacity (AC) and is essential for an organisation’s
innovation capabilities. During the past two decades,
the definition of AC has been expanded by Zahra and
George (2002) who propose that its objective is no
longer solely for commercial purposes but to achieve
and sustain a competitive advantage through a set of
organisational routines and processes. Their model
proposes four components through which the differ
ent dimensions of AC are represented: acquisition of
knowledge, assimilation of knowledge, transformation
of knowledge, and exploitation of knowledge.
2.2.2. Knowledge conversion
When knowledge becomes part of an organisation it
often arrives in a particular form. The most wellknown types of knowledge are tacit and explicit
knowledge (Nonaka, 1994). Every situation requires
a different type or form of knowledge. Understanding
when and how to convert knowledge into what form is
thus essential. Knowledge conversion processes help
to identify and utilise existing knowledge (Gold et al.,
2001). By combining existing knowledge, novel con
cepts can be developed (knowledge creation), illustrat
ing how the conversion process can contribute to
a more suitable form of knowledge. Nonaka (1994)
proposed the knowledge spiral which includes four
modes of knowledge conversion: socialisation, exter
nalisation, combination, and internalisation (SECI
model). The spiral of knowledge is based on the con
cept of tacit and explicit knowledge, where the two
forms of knowledge are converted by following the
spiral of the four modes. A thorough understanding
of the patterns of knowledge conversion and types of
knowledge can aid an organisation in effectively orga
nising its KM. Although the SECI model is not speci
fically focused on technological innovation, it does
provide – to a certain extent – the dimensions that
form the basis for the knowledge conversion process.
However, this paper also considers other dimensions
such as conversion through knowledge creation or
sharing.
2.2.3. Knowledge application
The belief that knowledge is an asset that can create
value when applied is the essence of knowledge man
agement (Afacan Fındıklı et al., 2015). According to
Lee et al. (2013), an organisation can translate its
knowledge into new products or processes. The
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application of knowledge is therefore a key process
in the field of knowledge. However, it remains
a complicated field and not much documentation is
available on this topic within the biotechnology indus
try. This is emphasised by the fact that the act of
knowledge application is often assumed or taken for
granted and not much is known on the process of
knowledge application (Gold et al., 2001).
Generally, effective knowledge application consti
tutes to a solid organisational infrastructure.
Information technology and KM systems are thought
to support application of knowledge (Allameh et al.,
2011). Indeed, information technology can actually
increase the AC of an organisation (Song et al.,
2005). When knowledge is stored in a (technological)
system it is easily accessible. Song et al. (2005) refers to
knowledge application as ‘an organization’s timely
response to technological change by utilising the
knowledge and technology generated into new pro
ducts and processes’. Knowing when knowledge needs
to be applied is a skill that can increase AC. Once the
timing is right, knowledge has to be accessible, empha
sising the need for a stable infrastructure. Other deter
minants of knowledge application are the R&D
budget, formal rewards and long-term orientation.
Each of which are positively associated with the level
of knowledge application (Song et al., 2005).
In total there are three important types in which
knowledge is used: instrumental, conceptual, and sym
bolic (Beyer & Trice, 1982; Hellström & Raman, 2001).
Instrumental use of knowledge refers to direct and
explicit actions that are taken as a reaction to knowl
edge. Conceptual and symbolic knowledge address the
social sciences and therefore lie beyond the scope of
this research. This research focusses on applying
knowledge through direct pathways.
2.2.4. Knowledge protection
According to Gold et al. (2001), protection of knowl
edge is essential for maintaining a competitive advan
tage since its inimitability and rarity depend on the
unique nature of knowledge. Indeed, in literature
there is an agreement that a SCA cannot be achieved
if unique knowledge is (unintentionally) shared with
external parties (Estrada et al., 2016). Protection of
knowledge consists of two important dimensions.
Knowledge protection can be viewed from a legal per
spective, however, KM protection also refers to the
preservation and retention of knowledge.
The legal perspective of knowledge refers to all
(property) laws and rights that are reserved for the
associated technology (Gold et al., 2001). Occasionally
and often unintended, it may occur that knowledge
inherent to an organisation is used by an external
party or stakeholder, known as knowledge spillovers.
Formal knowledge protection mechanisms for an
organisation to protect their knowledge and prevent
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knowledge spillovers are patents, copyrights, trade
marks, and non-disclosure agreements (NDAs;
Estrada et al., 2016).
Nowadays knowledge can easily be stored and
preserved in technological systems – especially
explicit knowledge. Tacit knowledge on the other
hand is more difficult to store. Since tacit knowl
edge is a combination of experiences, personal
insights and intuition it is difficult to store and
share within an organisation (Sabherwal & BecerraFernandez, 2003). This implies that tacit knowledge
is difficult to protect as well. Since most of the
knowledge in the biotechnology sector is charac
terised as complex and tacit knowledge, the process
of protection poses a challenge. Tacit knowledge
often resides within employees, for example, when
a senior manager with valuable skills and compe
tences is approaching retirement. Although the
retirement is not in violation of any of the formal
protection mechanisms, valuable knowledge is still
slipping away from the organisation. Most impor
tantly, this is not explicit knowledge, but experi
ence and wisdom. Knowledge loss by employee
turnover thus poses a serious threat for organisa
tions (Whelan & Carcary, 2011). It is a challenge
for organisations to convert this type of knowledge
into a form that guarantees that retention of
knowledge within the company. This example illus
trates why the sole use of formal knowledge protec
tion mechanisms is not enough.

3. Methodology
To address the aim of this study, a qualitative and
exploratory approach was chosen. Since there is
little in-depth research regarding KM processes in
the biotechnology industry, an exploratory
approach allows for uncovering themes and aspects
that have not yet been identified. To support this
approach in-depth, semi-structured interviews were
conducted as a means for empirical data collection
(Lin et al., 2005). Researching the role of a certain
aspect – in this case KM processes within the
innovation process – is by definition complex and
requires a research design in which the phenom
enon is studied from multiple dimensions to
uncover all related elements. The complexity of
the research topic justifies the choice for in-depth
interviews. Since this research focusses on processes
at specific points of the innovation process, a crosssectional design was chosen.
3.1. Case selection
Empirical data was collected through 15 semistructured interviews with biotechnology SMEs. The
enterprises were selected by following a pre-

determined list of four criteria. First of all, the organi
sation should be part of the biotechnology industry1.
In general, the biotechnology industry consists of sev
eral domains: the pharmaceutical industry, the food
industry, the agricultural industry, and the industrial
industry. Although the biotechnology industry is
dominated by pharmaceutical companies, this domain
will not be included in this research (Van Beuzekom &
Arundel, 2009). This is due to the general nature of the
innovation development process within this domain:
the development of a vaccine or medicine follows
a trajectory that cannot easily be generalised to three
innovation stages. The life cycle of pharmaceutical
products consists of many screenings, evaluations
and has to pass multiple (pre-)clinical trials before it
can be accepted and commercialised (Lakdawalla,
2018). It is not uncommon for the innovation process
of pharmaceutical products to take up to 8 years
(Lakdawalla, 2018). It is therefore decided that these
type of pharmaceutical companies remain outside the
scope of this research.2 The focus of this research will
be mainly on (chemical-)industrial and biobased com
panies. The second criteria on which organisations
were selected was dependent on the firm size.
Throughout the biotechnology industry many differ
ent forms of companies exist. However, the develop
ment of the biotechnology industry mainly relies on
small and medium-sized enterprises (SMEs; Kang &
Lee, 2008). These SMEs are especially dependent on
technological innovation since it offers the enterprise
a sense of security among the large pool of competitors
(Ode & Ayavoo, 2020; Zimmermann et al., 2020).
Therefore, SMEs define the scope of this research. To
make sure the sample group is consistent, the defini
tion of SMEs by the European Commission was used:
SMEs are companies that have less than 250 employ
ees (European Commision, 2003). The third criteria
was related to language. To facilitate the data collec
tion, only Dutch SMEs were approached. Moreover,
solely Dutch SMEs were part of this study since they
adhere to the same rules and regulations, resulting in
a more homogeneous sample group. The Dutch gov
ernment uses the same definition of SMEs as the
European Union. The final criteria was related to the
extent of innovation within the organisation. For the
aim of this study it was necessary to discuss the inno
vation trajectory of a product or process. Therefore,
only organisations were approached that showed signs
of novel technological products or processes, or
showed expertise in technological innovation in
another way. To ensure the participants were knowl
edgeable of the innovation process, employees directly
associated with innovation were asked to participate.
The main roles that participants had in the innovation
process were: Chief Executive Officer (CEO)/founder,
R&D manager, Chief Technical Officer (CTO). All
interviews were conducted under a strict
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confidentiality policy and remain anonymous.
Throughout this paper, the organisations will be
referred to as “organization 1, organization 2, . . . orga
nization 15”.
3.2. Data collection
In total 15 interviews were held across a time span of
approximately four weeks in February/March, 2021.
The average time span of an interview was approxi
mately 52 minutes. The interviews were conducted via
Microsoft Teams since physical interviews were not
possible due to the COVID-19 pandemic. One week in
advance, the interviewees received a short document
containing a brief description of the research, the
objective of the research and a table that they were
asked to fill in. Within this table participants were
asked to fill in which KM processes they thought
played a role in each of the three innovation phases
by use of a cross. This table complemented the data
collected from the interviews and was used as an
indication of the frequency of each KM process in
the different innovation phases.
The interviews had a semi-structured nature which
allowed for in-depth discussion of certain themes and
questions (Lin et al., 2005), contributing to the
exploratory nature of the research. Questions were
asked along three main themes: personal background,
the technological innovation process, and KM pro
cesses and their role in different stages of the innova
tion process. All questions part of the last two themes
consisted of open questions. The complete protocol of
interview questions can be found in the Appendix.
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does not automatically code the transcripts but facil
itates the coding process. Since the amount of data was
substantial, the use of an assisting software was chosen.
MAXQDA helped to combine, compare and identify
relevant passages by offering software in which multi
ple transcripts could be opened simultaneously and
codes could be cross-checked. For this research the
data was analysed on a manifest level, indicating that
the underlying meaning of the data was not taken into
consideration (Bengtsson, 2016). After the qualitative
content analysis, the results were compared to
literature.
3.3.2. Frequency analysis
In addition to the qualitative content analysis, the
frequency of the KM processes in each innovation
phase was measured. Participants were asked to indi
cate which processes they thought played a role in the
research, development, and implementation phase.
From the 15 participants, 14 filled in the table. The
results from the 14 tables were combined to find how
often each process was mentioned in each innovation
phase and as a result, the frequency was determined.

4. Results
This section presents an overview of the results
regarding the relevant aspects of each KM process in
different innovation phases and ultimately the role of
the four KM processes within the innovation process.

4.1. Research phase
3.3. Data analysis
3.3.1. Qualitative content analysis
To analyse the data, the interviews were transcribed
non-verbatim. Subsequently, the transcripts were
translated from Dutch to English. This raw data was
the basis of the data analysis. Qualitative content ana
lysis was chosen to extract results and conclusions
from the data. This specific method was chosen over
other types of qualitative data analysis methods such as
grounded theory, since the aim of qualitative content
analysis is to elaborate systematically on the meaning
of different aspects related to the research objective
(Cho & Lee, 2014). For this research, the approach
proposed by Bengtsson (2016) was used which consists
of four general steps. A list of codes was created prior
to the research and during the research fulfiling
a complementary approach of identifying all possible
codes which ultimately benefited the exploratory nat
ure of this study (Lecluyse & Knockaert, 2020). The
open coding process was performed using Computer
Assisted Qualitative Data Analysis (CAQDAS) soft
ware. Specifically, MAXQDA was used. This software

The majority of the participants agreed that knowl
edge acquisition is important in the research phase.
However, knowledge acquisition is rarely mentioned
alone. Many participants suggested an interplay
between either acquisition and conversion, and acqui
sition and protection. This shows that although
knowledge acquisition plays an important role within
the research phase, it cannot function without support
of the other processes. Moreover, the process of
knowledge application was only mentioned by two
interviewees and therefore does not seem to be of
importance during the research phase.
According to the participants, knowledge acquisi
tion is important in this phase since the technology is
still in an early phase, indicating the existence of
knowledge gaps and the need to fill them (e.g., 15) .
In addition, knowledge is collected on the existence of
alternatives or comparable products, to guarantee the
technology is unique (13).
In that very early phase, you will do conceptual
design. At that moment you have to look: if you
wanted to solve this, do I have the ingredients for
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that, are they available? So then you’re going to collect
information - do I have a conceptual design, is that
already there? (15)
Then you will collect knowledge: how unique and
inventive is it, my technological solution? Then it
always turns out there was someone who did some
thing similar. So then you have to adjust all that,
refine it into something that’s really - which you
think is really new and inventive. (13)

One theme that stood out during the data analysis is
the ability to find relevant knowledge (e.g., 6). The
quality and approach of the acquired knowledge
depends on the experience and existing knowledge of
the individual who performs the process of knowledge
collection. More experienced organisation members
are supposedly better at collecting knowledge because
they have accumulated knowledge and are able to
identify relevant information easier (e.g., 15).
Well, I think there’s another step before: how do you
define what knowledge you’re going to collect? So
more the - that has to do with your core values and
your team and what you’re about to set up in your
field. (6)
So what is true and what is not true - that is also real
knowledge management - you have to learn that from
experienced people because they know what is and is
not true. So that’s why knowledge management is
really such an important part because people some
times assume things that are written down but that
often don’t add up or are only right in a very small
domain and not outside of that domain. (15)

Data from the interviews shows that conversion is
often mentioned in combination with collection as
well as its interdependency, whereas protection was
more often emphasised as a process that is important
on its own. Participants mention that after collecting
knowledge, it is important to protect the knowledge as
soon as possible to prevent others from using the same
ideas. The interviewees that mentioned this connec
tion all referred to patents as their approach for
knowledge protection.

4.2. Development phase
Within the development phase all four processes are
mentioned by the interviewees. However, knowledge
application and conversion are brought up repeatedly,
especially in combination with one another (e.g., 10).
Within the interviews, knowledge acquisition and pro
tection were only mentioned a few (2–3) times and are
therefore considered less important in the develop
ment phase.
According to the data from the interviews the link
between conversion and application is blurry or vague,
since these processes have similar features (e.g., 10).
Interviewees viewed the development phase as a phase
where they build a prototype or proof-of-concept and

this phase therefore requires a translation of the col
lected knowledge into a “real” product. This involves
both conversion of collected knowledge to a more
suitable form and subsequently a translation of that
information into a physical product. Additionally, the
data shows that the process of conversion is also per
ceived as transfer of knowledge between different
employees and parts of the organisation (e.g., 3).
The four knowledge management processes are not
separate from each other. For example: the boundary
between knowledge conversion and knowledge appli
cation is fairly blurred. Knowledge conversion and
knowledge application are related to each other as
follows: the application of knowledge cannot occur
without the conversion of knowledge. First, you need
to be able to convert knowledge from research, for
example, so that you can use it for producing
a product. (10)
But in the development phase - then you have to start
translating to other people within the organization to
make it [development of the product] a little easier.
Our pharmacist can think of something, but
a laboratory technician who runs simple tests, will
not understand what he’s saying. So you have to
bring it another way. Next, you’re going to apply
that knowledge that you created in the research
phase, and whatever you’ve been able to determine
during your feasibility. (3)

Within the process of knowledge conversion, two
perspectives are identified: [1] the conversion of
knowledge through sharing (between individuals or
different parts of the organisation), and [2] conver
sion of knowledge from a product content perspec
tive. As mentioned by interviewee 3 (above) there is
a need for conversion when sharing knowledge with
the rest of the organisation. The data indicates that
this type of conversion often happens through expli
cit conversion methods. Examples of methods that
were mentioned are teams, meetings, documents and
protocols. According to the data, one of the under
lying reasons why knowledge conversion through
teams or meetings works so well is the fact that it
forces employees from different disciplines to find
the best way to convert their knowledge for the
purpose of sharing it with the rest of the team. It
also allows for questions from different perspectives,
challenging the idea or topic which can convert
known information into new insights (e.g., 9). This
interdisciplinary approach has benefits on the longer
term as well. One interviewee mentions that difficul
ties in later stages of the process can be prevented by
collaboration of for example, researchers and sales
representatives. Related to interdisciplinarity is pla
cing an idea or technology in a different context.
Many interviewees agreed that putting the idea in
a different context allowed for the conversion of
current information into new and valuable insights
that ultimately improved the idea.
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[. . .] a process technologist - I speak from my own
experience - speaks a very different language than
a chemist. It’s both Dutch, that’s not the point, or
English. But the way of thinking is really different. And
it is precisely by being able to understand each other and
speaking each other’s language that you can get to the
core - and only then are inventions really made (9)

Knowledge conversion is also perceived as a process
that occurs in relation to a specific product or pro
cess. The example of the interviewee below illustrates
this concept (e.g., 14). Within the development
phase, knowledge that is collected in the research
phase is converted into a legitimate prototype
which often requires different settings or criteria
than the product on a laboratory scale. One of the
concrete examples that was mentioned for convert
ing knowledge is the use of models. According to
interviewee 1, models are used to describe the cur
rent situation and to make predictions about the
course of the process or product you are monitoring.
In a way, it converts the input of the model into
output – and thus a more valuable form of the
knowledge – that is useful for further improvements
or developments.
Then the conversion, converting knowledge into
a different form - the conditions of the process are
so optimal for lab, but not translatable to commercial
scale production. Then we convert that into a form
where you can test it on a pilot scale to make it
commercial. So that’s what I mean by converting
knowledge, real process knowledge. (14)
Well, because once you have a model, you can start
predicting with it - because you can then describe the
current situation. But it also gives you a bit of a tool to
extrapolate. (1)

According to the data from the interviews, the appli
cation of knowledge in the development phase is all
about knowing which concrete actions are necessary
to prepare a product for the commercial stage. These
concrete steps are based on the collected and con
verted knowledge. Indeed, the main theme that was
identified from the data with regard to knowledge
application is expertise. Participants agreed that the
key to applying knowledge is the right person and this
is related to finding someone with the right expertise
for the specific situation (e.g., 5). Based on their exper
tise they are able to tell when is the right time to apply
their knowledge. Contrary to a human-centred
approach, IT systems or other approaches of applying
knowledge were not mentioned.
The application of the - first you have the brainstorm
ing sessions and discussing. You make a plan, that’s
from your design input. And the one who’s best at
executing what needs to be done, he will be the one to
do it. He’s going to apply it. He’s going to document
it. And like I said, nothing runs exactly as you expect
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it to. So that person is going to trouble shoot or he’s
going to call in others or they’re going to contact
other people. (5)

4.3. Implementation phase
The data from the interviews indicates that knowledge
application plays an important theme in the implemen
tation phase (e.g., 13). Similarly to the findings in the
development phase, application in the implementation
phase is seen as practical use of the knowledge to create
the product on a larger scale). The data from the inter
views shows that participants perceived commercialisa
tion of their product as a way to apply their knowledge:
value is created for the customer indicating that knowl
edge is specifically used to develop a product that
ultimately leads to tangible output (e.g., revenue).
One of the interviewees (e.g., 12) mentions that the
application of knowledge involves the combination of
different organisational segments: scientific know-how
of the product is complemented with knowledge on
financial and business aspects of the product. Although
this is not mentioned by the other interviewees in
relation to knowledge application, interdisciplinarity
is a repeating theme in the data.
That is actually the implementation phase: you apply
that knowledge in the market to make money. (13)
Of course, you need different expertise for business
development. Because you can have all the technical
knowledge, but you also need to know how to build
a business and how to handle it. You can have
a fantastic product and everything might look like
its working. But if you don’t understand how the
business world works, you can’t get any further. (12)

4.4. Nature of KM processes
During the data analysis of the interviews it became
clear that in addition to the individual processes, many
participants had a strong opinion on the connection
between the four processes and their role throughout
the different innovation phases.
One observation is the extent of significance
regarding the four processes. Several interviewees
indicated that all four KM processes play at least
some role in the innovation process, although the
importance of the processes is more nuanced (e.g.,
15). Table 1 shows the frequency of the processes
and complements this observation since all processes
are checked by the majority of the participants –
except from knowledge collection in the implementa
tion phase. At least five participants checked all boxes
of the table. See question 10 in the Appendix. In this
question, each participant was asked to indicate in
which phase they thought each process was most
important.
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Table 1. Overview of the frequency of the four KM processes in
de three technological innovation phases according to 14
respondents.

Knowledge
collection
Knowledge
conversion
Knowledge
application
Knowledge
protection

Research
phase
13

Development
phase
10

Implementation
phase
6

11

12

8

8

13

13

10

10

11

You can see the nuance on the crosses, that’s why you
ask about it. But in fact, of course, it’s all happening in
each phase. (15)

Additionally, two other related themes were identified:
the iterative nature of the KM processes and the inter
relations between the four processes. When asked, six
interviewees mentioned that these four processes are
not a linear process and can be better characterised as
“iterative”. Explanations that were given also identi
fied the underlying relationships with the different
processes. One Example of the iterative nature and
the connections between the processes is shown
below (e.g., 15).
It’s iterative. You learn new things with a new [ingre
dient] on another raw material. That goes on all the
time. It’s not linear, no. It’s a very - what do you call it
- an iterative process and chaotic. In the sense of: this
can go from left to right. Knowledge that is relevant in
another domain is continuously usable in all phases.
(15)

5. Discussion and propositions
This section will discuss the results presented in the
previous chapter and introduces four propositions
based on both the literature review and the data
from the interviews.
5.1. Knowledge acquisition
The results suggest that knowledge acquisition plays
an important role in the research phase.Additionally,
the results indicate that idea generation and explora
tory nature are substantial themes within the research
phase. Since these themes are closely connected to
knowledge acquisition, these findings substantiate
the significance and key role of this process in the
research phase. Although literature does acknowledge
that knowledge acquisition is positively linked to tech
nological innovation (Lee et al., 2013), there is no
evidence that acquisition is most important specifi
cally in the research phase. The results of this research
substantiate this claim and thereby demonstrate that
the significance of the KM processes is related to the
different innovation phases. Lee et al. (2013) and

Segarra-Ciprés et al. (2014) do mention that R&D
investments potentially stimulate new idea generation
and since R&D can be considered a form of knowledge
acquisition in the earlier phases of innovation, this
would imply that acquisition is indeed important in
the research phase. However, this observation is not
entirely correct since it does not provide the complete
view of the role of knowledge acquisition. Throughout
the other two innovation phases, knowledge acquisi
tion is mentioned to a lesser extent, but it is generally
indicated by interviewees as a process that is impor
tant in all stages. The data shows that during the
development of a technology often new challenges or
knowledge gaps arise which require knowledge collec
tion. Therefore, the first proposition is introduced
which suggests that:
P1: Knowledge acquisition plays a key role during the
research phase and a supporting role throughout the
development and implementation phase.
Throughout the data, one important theme is
recurring: absorptive capacity. This concept is closely
related to KM: both the concept of AC and KM
encompass the value of knowledge and its use – or
management. It is no surprise that the results indeed
show that when discussing KM processes, the ability
to recognise the value of knowledge is recurring. This
corresponds to the first and second process proposed
by Zahra and George (2002): acquisition and assim
ilation capabilities. Especially the assimilation cap
abilities can be recognised in the results.
Assimilation refers to the analysis and understanding
of the information and can be challenging when the
external knowledge requires either complementary
assets or heuristics to comprehend the knowledge.
The data shows that indeed the ability to find the
right knowledge depends on expertise and back
ground of the individual who performs the process.
Pacharapha and Ractham (2012) confirm that the
perceived value of knowledge differs between experts
and novices which indirectly influences their knowl
edge acquisition process. This can also be linked to
the acquisition capability which entails the need for
different expertise areas for successful incorporation
of external knowledge (Zahra & George, 2002).
Although, AC is generally described as a dynamic
capability including routines and processes, the
results from this research show that participants
often link the ability to comprehend new knowledge
to the capabilities of an individual. The model by
Cohen and Levinthal (1990) – which includes the
perspective of AC on both an individual and organi
sational level – is based on a similar inference.
Results from current research provide an extension
of the existing definition of AC: individual capabil
ities are imperative for efficient AC.
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One observation with respect to the concept of AC
is that the four capabilities proposed in the model of
Zahra and George (2002) – acquisition, assimilation,
transformation, and exploitation – resemble the KM
processes. However, the four KM processes are direc
ted more towards the organisation itself and its inter
nal functioning (with the exception of acquiring
external knowledge), whereas AC is mainly concerned
with external knowledge. Since AC determines the
extent to which knowledge can be acquired and
applied, it is suggested that the knowledge acquisition,
conversion and application processes are dependent
on the extent of the organisation’s AC. Indeed, within
KM the importance of exploiting external knowledge
sources is essential (Grandinetti, 2016). Actively incor
porating dynamic capabilities of AC form the basis for
exploitation of external knowledge and are thus essen
tial for KM in general. Therefore, it is suggested that
an organisation’s AC performs a complementary func
tion towards the KM processes where AC enhances
the functionality of the four KM processes. This sug
gestion builds on the model of Zahra and George
(2002) by acknowledging the complementary role of
AC towards the KM processes.
5.2. Knowledge conversion
The results suggest that knowledge conversion is pre
sent in each of the three innovation phases. One of the
observations from the results concerns the role of
knowledge conversion in relation to the other four
processes throughout the innovation process. The
conversion process is predominantly mentioned in
combination with the other three KM processes.
Within the research phase, conversion is mentioned
often in combination with acquisition whereas in the
development and implementation phase the combina
tion of conversion and application is more common.
The diverse nature of the conversion process seems
to play a role: knowledge conversion takes on different
forms including conversion through sharing and con
version of specific product content (i.e., models).
Within the research phase, the process of knowledge
conversion seems to take place mostly in the first form:
through internal knowledge sharing in the form of
teams or meetings. This is confirmed by the findings
from the research phase which indicated that idea
generation and exploration are two of the main
themes. Both of these themes imply the need for con
version of collected knowledge into relevant knowl
edge. Indeed, the knowledge spiral of Nonaka (1994) is
based on the idea that new knowledge can be devel
oped through knowledge sharing, i.e., the four types of
conversion. As opposed to the research phase, knowl
edge conversion is viewed from a content perspective
in later innovation phases. Participants considered
knowledge conversion to be more focussed on
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converting the content of the technology: from proto
type to commercial product. This shift in importance
from sharing to content conversion illustrates the dif
ferent forms that knowledge conversion can take
depending on the phase in the innovation process.
Its diverse nature therefore seems to be a possible
explanation for its importance throughout the innova
tion process. Based on the data and literature,
the second proposition is introduced:
P2: Knowledge conversion plays a supporting role
throughout the whole innovation process relative to
the other four processes.

5.3. Knowledge application
The results suggest that in addition to the implemen
tation phase, application of knowledge plays a role in
the development phase as well. The presence of this
process in the development phase is unexpected since
application is considered the implementation of
knowledge for practical use and is mentioned in com
bination with improved efficiency and reduced costs,
implying that it is related to the production process
and thus the implementation phase (Gold et al., 2001).
This observation is an accession to the previously
mentioned implementation phase by Gold et al.
(2001). According to the findings from the implemen
tation phase, this phase is centred around up-scaling
and therefore seems to require the practical use of
knowledge most. However, according to Song et al.
(2005) one of the forms of application is instrumental
use of knowledge which entails a practical response
based on research. This would explain the presence of
knowledge application in the development phase as
this phase builds on the knowledge obtained through
research. Based on this reasoning, the third proposi
tion is introduced:
P3: Knowledge application plays a key role in both the
development and implementation phase.

5.4. Knowledge protection
It seems plausible that knowledge protection is impor
tant throughout the whole innovation process since
loss of knowledge can occur in every stage.
Surprisingly, the results indicate that knowledge pro
tection turns out to play a particularly essential role in
the research phase and less so in the later innovation
phases. Based on the results, one particular reason
stands out: the early need for patents. To ensure the
unique nature of a technology, rapid patenting is
a requirement for success. This is confirmed by the
data with regard to the research phase where patenting
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is identified as one of the main themes (Section 4.1.1).
Although there is no unambiguous literature that sup
ports this claim, patents are considered an indicator of
R&D productivity (Austin, 1993; Grimaldi & Cricelli,
2020). Additionally, Fernald et al. (2013) and Niosi
and McKelvey (2018) indicate that the speed and rise
of new knowledge is often measured through patents.
This implies that patents do indeed play an important
role in early stages of the innovation process.
Additionally, the dynamic nature that is distinctive
for the biotechnology sector substantiates the claim
as well (Mireles, 2004): technological change occurs so
fast that novel ideas are continuously created, making
patenting an essential step in protecting ideas in the
early innovation phase. Based on both the results and
the findings from literature it is therefore likely that
knowledge protection is particularly important in the
research phase in the form of patents.
One interesting finding concerns the specific role of
knowledge protection. The results show that knowl
edge protection is recognised as an essential process,
specifically in combination with knowledge collection
in the research phase. However, the two processes are
not dependent upon one another and protection does
not fulfil a supportive role as opposed to the process of
knowledge conversion. Instead, knowledge protection
is thought to play a complementary role to the process
of knowledge collection in the research phase because
protection of knowledge contributes to the imitability
of knowledge and thus increases its value (Bogers,
2011).
Contrary to earlier innovation stages, knowledge
protection in the implementation phase does no
longer revolve around patents. Protection of knowl
edge in the implementation phase seems to be less
important when it comes to the specific or detailed
knowledge about the technology. This is based on the
assumption that knowledge protection of the specific
technology has already been completed in an earlier
phase. Instead, knowledge about the product and pro
duction process starts to increase along the innovation
process and becomes interwoven throughout the orga
nisation and its members, making it very difficult to
properly protect through patents. The biotechnology
industry is indeed characterised by tacit and complex
knowledge (Joshi, 2018). Since tacit knowledge refers
to know-how (Lee & Yang, 2010) that is not shared
easily, difficulty of patenting is implied. Interviewee 15
indicates that in the implementation phase the
amount of knowledge is extensive, implying
a considerable “knowledge leak” when the knowledge
is not properly protected. Since the extent of tacit
knowledge loss is dependent on knowledge protection,
it is suggested that knowledge protection plays
a supporting role in the more mature phases of inno
vation. Based on the data and the literature, the fourth
proposition is introduced

P4: Knowledge protection plays a complementary role
in the research phase in the form of patents and
a supporting role in the development and implementa
tion phase.

5.5. Limitation: variety of SMEs
When looking critically at the data collection methods,
it is clear that there is diversity among the sample
group which complicates the generalisation of the find
ings. The results are still considered significant due to
focus on the technological innovation process. Despite
the diversity among the SMEs, the technological inno
vation process was considered similar. For this
research, only SMEs were asked to participate to ensure
a homogeneous sample group. A critical note is that
from the findings of the interviews it becomes clear that
within SMEs there are still quite some differences with
regard to organisational structure. The group of SMEs
included start-ups of approximately 10 employees and
larger organisations ranging between 50–250 employ
ees. From the interviews with the larger organisations it
became evident that there is often already a general
structure which includes routines, methods and
resources that facilitate the KM processes. The startups mentioned that due to their need of survival they
are not consciously working on knowledge manage
ment (i.e., 12). This implies that the answers given by
the two groups are based on different organisational
objectives making it difficult to generalise the outcome
of this research among SMEs in general. Within similar
articles discussing knowledge management in SMEs
there is often no mention of this diversity. For example,
Supyuenyong et al. (2009) mentions that SMEs in gen
eral have simple procedures and are flexible in terms of
process adaptation. However, no distinction is made
between organisations that have 10 employees or orga
nisations with 200 employees. Moreover, within the
interviews that are categorised as smaller SMEs (startups), questions regarding knowledge management pro
cesses were more often answered by mentioning the
human role of knowledge management. In contrast, in
the interviews with the larger SMEs, routines, methods
and processes were often used to indicate the four
processes. This observation is also made by Centobelli
et al. (2017) and gives an indication as to why the
difference in SME size needs to be kept in mind when
analysing the outcome of the results. In combination
with the fact that the biotechnology sector in the
Netherlands is relatively large compared to the 15
organisations that are part of this research, it is sug
gested that generalisation of the findings from this
research should be done carefully and critically. To
improve this research, a more specified and larger
sample group should be identified. The article of
Centobelli et al. (2017) concludes that there are still
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quite some knowledge gaps with regard to knowledge
management in start-ups. In combination with the fact
that there is already relatively much literature regarding
KM in SMEs, it is suggested to focus further research
on start-ups.

6. Conclusion
To shed light on the limited research on how the KM
works in SMEs (Cocca et al., 2021), the main objective
of this study was to create a better understanding of
the role of four KM processes in different stages of the
technological
innovation
process
within
Biotechnology SMEs. Our research introduces four
propositions based on the data collected through 15
semi-structured interviews that suggest novel perspec
tives as opposed to existing literature. From the results
and discussion the following conclusion with regard to
the research objective can be drawn: depending on the
innovation stage, the role that the four KM processes
take on is either a key role, a complementary role, or
a supporting role. This classification helps to under
stand which processes are important in the different
phases. The propositions shed more light on the role
of each individual KM process with respect to the
different innovation phases and can be used to more
deliberately assign resources, deploy manpower within
the organisation more effectively and stimulate the
technological innovation process in general. The first
proposition suggests that the process of knowledge
acquisition plays a key role in the research phase and
a supporting role throughout the development and
implementation phase (P1). The second proposition
indicates that knowledge conversion plays a relatively
supporting role compared to the other KM processes
throughout the whole innovation process (P2). This is
mainly due to its diverse nature: conversion occurs
through different approaches (i.e., sharing and pro
duct conversion) depending on the innovation phase.
The third proposition suggests that the process of
knowledge application plays a key role in the develop
ment and implementation phase (P3). Its only signifi
cance in the research phase is the application of
existing knowledge to support the collection process
of new knowledge. The fourth proposition suggests
that knowledge protection plays a complementary
role specifically in the research phase due to the
dynamic nature of the biotechnology industry which
in turn requires swift protection – often in the form of
patents (P4). In the development and implementation
phase, knowledge protection plays a supporting role.
This research provides a detailed insight into the
relationship between KM and the technological
innovation process from a process capabilities per
spective that has not yet been considered and is
therefore a valuable contribution to existing litera
ture. One of the limitations of this research is its
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generalisability. Despite the efforts prior to this
research, the diversity in SMEs needs to be taken
into account when generalising the results among
the Biotechnology SME sector. Recommendation
for further research include substantiation of the
four propositions, preferably with qualitative data.
Additionally, a knowledge gap in literature was
revealed: knowledge management expresses itself
differently depending on the size of the organisation
and organisational structure. Further research can
reveal these differences if KM is investigated within
start-ups and larger SMEs separately.

Notes
1. The criteria by which the biotechnology companies were
selected was based on the biotechnology definition pro
posed by The American Chemical Society:
“Biotechnology involves the study and use of living
organisms and/or cell processes to make useful pro
ducts” (American Chemical Society, 2021). One chemi
cal company was also included because the refinery
process was similar to the biorefinery process of bio
technology organisations.
2. An exception is made for pharmaceutical companies
that do not follow the clinical trials.
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Appendix

12. Which KM process(es) would you say is(/are) most
important in the implementation phase? Why?
a. How do you apply these processes in your
organization?
b. What are challenges that you encounter with these
processes?
c. How are these processes related (if interviewee
mentions multiple processes)?
13. Why is knowledge management important in the
biotechnology sector?
14. (Which function do the four processes have within
the innovation process?)
15. Do you have anything other to add?

Interview Protocol
The interviews for this research were semi-structured.
The structure that functioned as a guideline for the inter
view is shown below. Due to the exploratory nature of this
research many follow-up questions were asked during the
interview. With questions 10, 11, and 12 an additional
question guide was used which is shown at the end of this
document. Since the answers to these questions vary
between the four different KM processes, questions from
the additional question guide were used to explore these
processes and their role within the innovation process.
●
●
●
●
●

Welcome the interviewee
Introduce myself and the research topic
Ask permission for recording the interview
Explain confidentiality of the data
Provide the structure of the interview
Personal background
1. Can you tell me a little bit about yourself?
2. What is your position within [company X]?
3. What does this role entail?
4. How many years of experience do you have with
innovation?
5. How many employees does your company have?
Technological innovation process
6. Can you describe the technological innovation process
within your company?
a. How did the innovation process start? And when
was it finished?
b. Do you have an example?
7. Do you recognize the following innovation phases:
research phase, development phase, implementation
phase?
a. If yes, how do they work within your company?
b. If not, how would you indicate these phases?
8. Can you tell me a bit more about these innovation
phases?
a. Which tasks are most important?

Role of KM processes in different phases of technolo
gical innovation
9. Do you recognize the four KM processes in your
organization?
a. Do you miss any important processes?
b. How do these processes take place within your
organization?
10. Which KM process(es) would you say is(/are) most
important in the research phase? Why?
a. How do you apply these processes in your
organization?
b. What are challenges that you encounter with these
processes?
c. How are these processes related (if interviewee
mentions multiple processes)?
11. Which KM process(es) would you say is(/are) most
important in the development phase? Why?
a. How do you apply these processes in your
organization?
b. What are challenges that you encounter with these
processes?
c. How are these processes related (if interviewee
mentions multiple processes)?
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Ending of interview
● Would you like to receive the executive summary of my

report once it is finished?
● Can you forward me the filled-in table?
● Would you like to receive the transcript for a check?
● Do you have any feedback for me or regarding the

interview?
● Thank you for your time and answers.

Additional question guide for specific KM processes
Knowledge collection
How do you collect knowledge?
How do you find out that you need knowledge?
What is the origin of the collected knowledge?
When do you collect knowledge? When is it important to
collect knowledge?
● Do you collect knowledge through people or systems?
● Which types of knowledge do you recognize during
knowledge collection?
●
●
●
●

Knowledge conversion
● How do you convert knowledge?
● How do you communicate your knowledge to others?
● Do you have a general language within your company

that employees can use to convert their knowledge?
● To and from which form is knowledge converted?

Knowledge application
● How do you apply knowledge? How does this process

take place?
● For which purposes do you apply knowledge?
● Do you have any systems, methods, routines or tools to

apply knowledge?
● How do you effectively apply knowledge?
● How important is timing when applying knowledge?

So when do you know when to apply certain
knowledge?
Knowledge protection
● How would you describe the protection of knowledge

within your organization?
● Do you have formal protection methods to protect your

knowledge?
● How do you guarantee the retention of knowledge within

your organization?
Is organizational culture related to knowledge protection?
If yes, how?

