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ABSTRACT

To transfer methods from science to industrial application is an important task of engineering design
researchers. However, the way in which this is done leaves still room for improvement. A look beyond
the horizon into the intra-industrial transfer of methods can therefore be helpful. Based on general
requirements and success factors as well as successful intra-industry transfer examples, this paper
proposes the P41 process for the transfer of methods from academy to industry.
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1 MOTIVATION

In the engineering design community, the transfer of knowledge between academic research institutions
and potential industrial application partners is a very common and multi-layered discussion topic since
many years. For example, Eder (1998) asked why design science, which is in his opinion very well
elaborated, does not find its way into industry. Franke and Deimel (2004) state that there is a large
number of design methods, but that the user is probably left alone in choosing the suitable method for the
specific application. In this context, Gericke et al. (2016) note that users select methods according to
specific outcomes, which contradicts the current presentation of methods. Jagtap et al. (2014) found out
that the uptake of design methods in companies is influenced by the method itself, the way it is
developed and how it is used. According to Wallace (2011) there are methods that have been developed
too theoretically or abstractly, with no obvious benefit, or even methods that have been developed past
the user. Furthermore, he concludes that, in academia, often nobody feels responsible for the transfer. In
a recent position paper by members of Design Society’s Special Interest Group Design Process (formerly
Modelling and Management of Engineering Processes - MMEP), there is even a call for joint work on
systems of useful methods (a method ecosystem) to increase their chances of application in industry
(Gericke et al., 2020). On the other hand, Birkhofer et al. (2005) as well as Eder (1998) observe that
there is also a whole range of industrially developed methods, especially in the field of quality
management, which have been established as a kind of an industry standard. Although, this does not
mean that any method developed in the industry is automatically a success, it is certainly worth taking a
closer look at the implementation characteristics of successful methods developed by industry.

Talking about transfer, it has also to be mentioned that there is very often no clear distinction between
the terms ‘knowledge transfer’ and ‘technology transfer’. According to Seaton and Cordey-Hays
(1993) technology transfer is “the process of promoting technical innovation through the transfer of
ideas, knowledge, devices and artefacts from leading edge companies, R&D organizations and
academic research to more general and effective application in industry and commerce.” This
definition corresponds to the understanding of the authors. However, since this contribution is focused
on the transfer of processes, methodologies and methods, these are summarized as transfer objects.
The motivation in academia for knowledge transfer is based on different aspects such as the acquisition
of additional funds, the establishment of a bi-directional knowledge flow or the possibility to get new
insights to support personal research interest and support one’s academic careers (Meyer-Kramer and
Schmoch, 1998). On the other hand industry needs scientific knowledge for innovation or optimization
of products or processes and thus seeks for sparring-partners in academia to be aware of cutting-edge
technologies or to become get in contact with / recruit high-grade technical people (Hicks, 1995).
Especially SMEs need knowledge transfer to ensure their survival in the market (Khabiri, 2012).

Typical ways of knowledge transfer between universities and industry are the provision of codified
output of academic research (e.g., publications or patents), collaborated or contracted research
activities or the employment of university researchers (Bekkers and Bodas Freitas, 2008). Meyer-
Kramer and Schmoch (1998) describe that the relevance of each of these ways depends to what degree
of a research area is science-based. E.qg., chemistry, information and biotechnology are categorized as
science-based whereas e.g. mechanical engineering is categorized as less science-based but with a
stronger orientation to a short-term applied research, systematisation or development activities. The
industrial innovation processes are less radical and less dependent on scientific breakthroughs so that
the transfer via collaboration and patents play a more important role. Thus, a transfer of knowledge in
the field of engineering design should also meet with fertile ground.

Based on the aspects introduced before, it can be concluded that

e awell-functioning transfer of knowledge and methods from academia to industry is in the mutual
interest of both parties.

o the scientific community is aware that there is still room for improvement in the field of knowledge
and method transfer.

o there are also successful transfer approaches within the industry.

Motivated by this, this article examines the question of how experiences from successful intra-industry

method transfer could be transferred to method transfer between academia and industry. To answer

this question the following methodology is applied. First, a literature research on general requirements

and success factors of knowledge transfer is conducted. Subsequently, three prominent and successful
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transfer examples of approaches developed in industry are analysed. Based on these findings, a
transfer process is inductively concluded.

2 REQUIREMENTS, SUCCESS FACTORS AND IMPLEMENTATION
INSIGHTS

2.1 General requirements

In order to derive requirements for knowledge transfer, relevant literature was analysed. The key
findings are summarized in the list below. They can be differentiated into requirements for the transfer
process and requirements for the transfer object. The requirements are numbered for later referencing.

Requirements for the transfer process:

1. Itis important to get familiar with the real situation in the company, its strategy and to understand
the boundary conditions of the transfer as well as the motivation for the transfer (Bekkers and
Bodas Freitas (2008), Bradley et al. (2013), Ball et al. (2004), Jagtap et al. (2014) and Khabiri et
al. (2012)).

2. Itis important to select an appropriate problem that can be tackled with the implementation of the
transfer object in order to achieve quick-wins (Ball et al. (2004), Cook et al. (2006), Seaton and
Cordey-Hayes (1993), Eder (1998) and Kotter (1995)).

3. It is important to consider not only technical but also soft (e.g. organizational or personnel)
factors (Bradley et al. (2013), Ball et al. (2004), Cook et al. (2006), Jagtap et al. (2014), Seaton
and Cordey-Hayes (1993) and Khabiri et al. (2012)).

4. Itis important to understand that knowledge transfer is also a dynamic change process that needs
management and support (Bradley et al. (2013), Cook et al. (2006), Seaton and Cordey-Hayes
(1993), Jagtap et al. (2014) and Kotter (1995)).

5. It is important to understand transfer processes as collaboration and to include feedback loops
(Bekkers and Bodas Freitas (2008), Ball et al. (2004) and Seaton and Cordey-Hayes (1993)).

6. It is important that the will and ability for transfer exist on both sides, i.e. transferor and
transferee (Seaton and Cordey-Hayes (1993) and Khabiri et al. (2012)).

7. It is important that the need for transfer is known or adequately communicated in the receiving
organisation (Seaton and Cordey-Hayes (1993)).

8. It is important to define a clear responsibility for the transfer object, i.e. ownership, in the
receiving organization (Eder (1998)).

Requirements for the transfer object:

9. Itisimportant that the transfer object is or is made transferable (Seaton and Cordey-Hayes (1993)
and Jagtap et al. (2014)).

10. It is important that the transfer object is available in a universal or the specific language of the
industry or is edited for this purpose (Ball et al. (2004)).

11. Itis important that the transfer object is made known so that it can be considered for a transfer at
all (Jagtap et al. (2014), Seaton and Cordey-Hayes (1993)).

2.2 Implementation insights

In this section, the previously determined theoretical requirements are compared with practical findings
from successful implementation projects of transfer objects developed in industry. Furthermore,
additional success criteria are searched for. It should be remarked that the authors have both an active
academic background and more than 10 years of industrial experience in the development, adaptation,
implementation and optimization of methods. The findings of the literature study can thus also be
enriched with practical experience. In particular, the phases of preparation, implementation and
sustainable anchoring in the organisation are considered, as these are significant on the basis of the
experience gained.

To represent the bandwidth of the subject area, this section analyses each a well-known example of
methodology, method and process. When selecting the transfer objects, two examples from the field of
Quality Management were included, because these were considered several times as best practices for
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transfer objects within industry in the literature, e.g. Eder (1998) or Birkhofer et al. (2005). The
meanings of methodology and method correspond to Gericke et al. (2017)’s definitions.

2.2.1 Methodology - Six Sigma

In industry Six Sigma became famous as “an aggressive campaign to boost profitability, increase
market share, and improve customer satisfaction” (Harry, 1998). The origins of Six Sigma can be
traced back to Motorola and date back to the mid-1980s (Linderman et al., 2003). As an integrated
methodology, Six Sigma is composed of the DMAIC cycle (DMAIC represents the phases define,
measure, analyse, improve and control) and more than 45 standard methods and tools logically
assigned to each DMAIC phase (number based on a count in Rath & Strong (2008) - number may vary
by publication, but is only qualitatively relevant for this paper). This already shows that the effort to
train people in this methodology must be particularly high. Based on famous success stories, many
companies started the implementation of a Six Sigma programme, although Six Sigma is known as a
complex approach (Moosa and Sajid, 2010). But that does not mean that every implementation was
successful. There are also reported tragedies of implementation because of the fact that the pitfalls
with Six Sigma have not been fully recognized (Goh, 2010).

The motivation for introducing Six Sigma in the reflected cases were to achieve a sustainable
improvement in the quality level. In addition, persistent quality problems that had not been successfully
solved with existing tools should finally be eliminated. The expectations on Six Sigma were high due to
success stories supported by impressive financial savings. Since there was not enough practical
knowledge in the application and implementation of the methodology within the organization, the
decision was made to work with an external partner to train some selected people in the methodology.
The methodology itself is sufficiently documented in books, application guidelines and technical articles
in various forms and degrees of complexity. There is also a large number of websites dealing with the
topic. In addition, there are many Six Sigma training providers for all levels of knowledge. A special
feature with Six Sigma is that there are different qualification levels, so-called Belts. Beyond that there is
a champion training for high-level personnel or project sponsors. The champion training gives managers
a basic overview of the possibilities of the methodology and helps to deploy the employees trained in the
methodology in an adequate manner. For this reason, in addition to the first (green) belts, the affected
managers and executives are also trained as Six Sigma Champions in the organization.

The person responsible for the programme is also given intensive training, the so-called Master Black
Belt. The requirements for the Master Black Belt are standardized, as are the requirements for the
other Belts. Although there are slight differences between different providers and Six Sigma
associations, the guidelines of the European Six Sigma Club (2017) provide a good overview. The
Master Black Belt is intended to serve as a multiplier in the introductory phase and is therefore also
specially trained as a trainer.

Applied projects must be successfully completed as part of a training course or for certification as a
Six Sigma Belt. In the introductory phase, this has the inherent advantage that the applicability of the
methodology in the company can be checked for different complexity levels and/or functional areas. In
addition, initial savings can be achieved in this way.

2.2.2 Method - FMEA

The Failure Mode and Effects Analysis (FMEA) is a method applied in the field of preventive quality
management and is, probably, the most-common method used to analyse and assess risks in industry. It
was developed in the mid-1960s as a method to identify product or process problems before they occur
(McDermott et al., 2008). Since that, the FMEA has gradually spread in industry. Today, its use is
required directly (e.g. IATF 16949 (2016)) or indirectly (e.g. risk-based thinking of 1SO 9000 (2015)) in
quality management standards. This means that the motivation for the application of FMEA can already
be derived from customer or market requirements. FMEA is documented well in theory and practical
application, a high number of books, guidelines, training materials and application examples exist. Due
to this good level of documentation, the method can be introduced independently or in cooperation with
a transfer partner. As the introduction of the method is often linked to a certified quality management
system, it can be assumed that a responsible person in the organisation has been defined for the method.
Typically, this person also plays a special role for the FMEA implementation and continuous application.
This method owner has the task to integrate the FMEA into the process landscape of the organization, to
define appropriate roles and to ensure the empowerment. To integrate the FMEA into the processes of
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the organization, it must first be checked into which processes the method can be integrated, how and to
what extent. The roles usually describe different degrees of complexity of the application. In industry,
the following subdivision of roles can be observed: Method owner, method trainer, FMEA moderator,
FMEA user. It can happen that the roles method owner, method trainer and FMEA moderator are united
in one person. The individual roles are trained by appropriate competency concepts, but some of them
are also sector or company specific. In order to become an FMEA moderator, a very good knowledge of
the method as well as application knowledge and moderation competence is required. The transition
from FMEA user to FMEA moderator is typically accompanied by internal or external coaching.
Communication also plays an important role in the FMEA implementation and later application. Usually,
the results or findings of the FMEA application are presented to the management or the affected areas. In
addition, untrained participants in FMEA are at least briefly introduced to the benefits and approach of
the method. In larger companies it can also be observed that the introduction and application of FMEA is
reported on in the intranet or in the company magazine. The application of the FMEA shows usually
only medium-term and/or time-delayed successes. Nevertheless, the application of the method generates
already quick wins by the evaluation and the reduction of the residual risk of a system, product or
process.

2.2.3 Process - Agile Development

Agile design is an example of an agile development processes based on the basic principles of Design
Thinking and Scrum, with the goal of creating meaningful and valuable user and requirement-oriented
products and services. By combining Human Centred Design with Design Thinking and agile project
management methods, human needs can be incorporated into agile processes as requirements and
subsequently worked out in incremental development steps (Grashiller et al., 2017). In the case
analysed, an agile design process has been in use for more than three years and is continuously being
tested by the authors in various projects for its practical suitability in industry. The main areas of
application are mostly innovation-driven projects in which companies generate new products or
services in pilot teams detached from the existing processes. At the start of each project, an overview
of the process is presented, and the individual phases and methods are explained. This is done by a
coach who acts as a guide throughout the project. Main focus is placed on simplicity, as the process
should always serve as a minimal guide to user-oriented development. Initial feedback from the first
deployments showed that the approach has proven itself particularly with first-time users of user
centred development: Quick wins can be achieved within a very short time with a manageable effort.
Agile design projects should not exceed the maximum team size of 9 participants, analogous to Scrum.
In practice, however, this is not always possible. If a team exceeds this number, it is noticeable that the
process cannot always be adhered to, information is lost and the pace is slowed down. Another critical
point is the transition between the creative phase and the development phase. The challenge is to
transform user requirements into technical properties without losing user-related information. To
support internal communication between the two phases, most agile design processes introduce user
stories as a special format to specify requirements and structure ideas. The acceptance criteria give
measurable parameters to the user story, which represent the degree of fulfilment. (Schlaeffer, 2018).
Furthermore, information about the priority, the complexity level, the estimated duration and the
responsible person can be added (Rubin, 2014). The application of user stories is common in agile
projects, they are used as an input for the product backlog.

In theory there are three elements that are key for successful implementation of design thinking related
projects in practice: People, Place and Process (Hasso-Plattner-Institut, 2018). For this reason, a
suitable change management process, the composition of the team and the selection of a suitable
location have the same high priority. Agile design processes provide a guideline for agile, user-centric
development. In industrial implementation, the right interaction of people, methods and organization is
crucial. It is especially important to recognize and involve existing interfaces at an early stage, to
inspire people and to turn affected people into participants.
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e  The application and acceptance of a method seems to be increased by the fact that there are
already success stories about industrial application.

e  Due to available case studies and the good documentation of the transfer object, there is a broad
basis of empirical values as to when and in which context a transfer object can be applied.

e  The introduction usually follows a change process whose end is the anchoring of the transfer
object in the processes of the organization. This is accompanied by a role and empowerment
concept.

e  The first application is typically done by pilot projects, who serve to gather experience and
achieve first application successes in the organization (quick wins). Positive experiences with the
first application are followed by a roll-out process.

e The communication of the implementation and application of the transfer object in the
organization plays a special role.

It is also assumed that in the development of processes, methodologies or methods in industry,
practical application and dissemination is a central idea from the start.
3 THE P41 IMPLEMENTATION APPROACH

This section proposes an implementation approach for the transfer of methodologies, methods and
processes from academia to industry. In accordance with the phases to be passed through, this
guideline is named P4I.

Transfer object (improvement and further development)

; T Implementation Implementation
Preparation Initiation 1 (pilot) 2 (roll-out) Improvement
Awareness
Desire
Knowledge
Abilities

Reinforcement

Figure 1. P4l phase model

3.1 Derivation of the P4l phase model

Szulanski (2000) states that a typical knowledge transfer process consists of four steps: Initiation,
implementation, ramp-up and integration: The initiation prepares the decision to transfer, the
implementation prepares the use phase and the ramp-up supports the achievement of a satisfactory
performance. The integration step finally anchors the transfer object in the receiving organization.
However, this process assumes that the transfer object is already more or less ready for use and
sufficiently documented. This does not always have to be the case for transfer objects that have been
developed in academia. Therefore, the transfer process should be preceded by a preparatory phase. A
look at the practical examples has also shown that the implementation phase is often divided into a
pilot phase and a roll-out phase. To emphasise the different character of the activities, a distinction
should be made between these two phases. The roll-out phase also functions as the integration step in
the Szulanski model. In addition, a complete implementation process based on the PDCA process
model of 1ISO 9000 should include an improvement phase. In order to ensure that the derived process
model satisfies a change process, the tried and tested ADKAR model (Prosci, 2018) is integrated into
the guideline. The ADKAR model divides the change process into five phases: awareness, desire,
knowledge, abilities, and reinforcement. The P4l phase model is depicted in Figure 1.

3.2 Preparation phase

The purpose of this phase is to make the transfer object ready for the transfer. In the words of Seaton
and Cordey-Hayes (1993), this means that the transfer object must be made accessible and mobile, but
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also that the transfer object must be prepared in such a way that it can be received by a third party. For
the success of this phase, however, target-oriented communication measures are also important, which
have the aim of making the transfer object known. The activities required for this are compiled in the
form of a checkilist:
e  The transfer object has passed initial practical testing is assessed as sufficiently mature for a
transfer.
o  (First) real application examples are vivid and logically prepared.
A documentation of the transfer object is available in a form and language that can be understood
by a third party with manageable effort.
e Hard and soft application criteria as well as required skills for the successful handling of the
transfer object are defined.
o Afirst success story is documented comprehensively.
Depending on the defined complexity levels of the application and the required skills, an initial
role concept is defined, and training levels (including scope) are defined.
e  The transfer object is communicated and made known to the target group.
The checklist criteria show that the quality of the results of the preparation phase improves with each
implementation cycle.

3.3 Initiation phase

In the initiation phase the first contact with the receiving organization takes place. The goals of this

phase must be to make a conscious decision for the transfer and to prepare the implementation. In this

phase at least the following activities should be successfully completed:

e  The need for transfer is clearly and comprehensibly formulated.

o  Goals, expectations, and boundary conditions of the transfer are discussed and documented.

e  Ownership is defined for the transfer object in the receiving organization.

e Assuitable pilot area for implementation phase 1 and evaluation criteria for assessing the success
of the pilot implementation have been defined.

e  An analysis and evaluation of the existing skills and resources of the receiving organisation and
the transferor have taken place.

e  An organization-specific role concept has been defined.

o A milestone plan for the implementation has been created.

e  Support from the management of the host organization is assured.

3.4 Implementation phase 1

The aim of implementation phase 1 is to successfully implement a pilot project. In this phase, the

organization-specific adaptation of the transfer object and the qualification of the organization take

place. Implementation phase 1 ends with an evaluation of success. The core activities of this phase are:

e  Adaption of transfer object to organizational requirements.

e Development of a role-dependent qualification concept in the transferring and the receiving
organisation.

¢ Implementation of the qualification concept in the pilot area.

e  Enabling decision-makers to accompany the pilot. This can also include the decision makers of
the later roll-out areas.

o Implementation of the adapted transfer object in the pilot area. Give support and coaching
depending on roles.

e  Support the implementation of the transfer object through internal communication within the
organisation.

o  Critical reflection of the pilot application regarding the transfer success and make a roll-out
decision.

3.5 Implementation phase 2

Implementation phase 2 is to roll-out the transfer object to all relevant areas of the receiving
organization. Considering the findings and experiences from implementation phase 1, the transfer
object gets anchored in the organization. Here, the special characteristics of a roll-out process
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compared to a pilot application must be considered. As described, the organization-specific adaptation
of the transfer object takes place in the pilot phase. This results in greater creative freedom for the
employees involved. The characteristic of a pilot application is therefore rather bottom-up, which is
often accompanied by a higher acceptance by the participants. During roll-out, an already adapted
transfer object is brought into the organization. The creative possibilities are therefore limited. The
characteristic of a roll-out is thus top-down. For this phase, the following main activities must be
carried out:

Adaptation of the transfer object on the basis of the findings of the pilot application.
Development of a roll-out concept based on the findings and results of the pilot application.
Enabling and coaching the multipliers to carry out the roll-out process.

Supervision of the roll-out process to ensure that the transfer object is implemented correctly.
Anchoring of the transfer object in the processes and procedures of the receiving organization.
Support the roll-out of the transfer object through internal communication within the
organisation.

o  Critical reflection of the roll-out process regarding the transfer success.

3.6 Improvement phase

The improvement phase primarily serves to continuously improve the handling of the transfer object in
the receiving organization. It also provides insights into optimization and further development needs
regarding the transfer object. In order to draw conclusions from this phase, a regular exchange of
experience could be implemented. For the sake of completeness, however, it should be mentioned that
conclusions can be drawn from all phases of the P4l process about the optimisation and further
development requirements of the transfer object.

4 CONCLUSION AND OUTLOOK

Based on an inverse transfer of insights from industry into the academic world, this article shows that
the transfer of knowledge from academic institutions into industry is a demanding and thus separate
task. The summary of the insights gained in the development of the P4l approach shows that
knowledge transfer must be intensively prepared and carried out in well planned steps. In addition to
the, often technical, transfer object, softer factors of the receiving organization play a significant role,
which is why change management needs to be given special consideration. This insight is also
considered important by the authors for the engineering design community.

In the sense of the presented approach, the work is not done with this publication. Instead, transfer-
oriented researchers in the field of engineering design are invited to test the approach, give feedback,
and refine it. The P4l approach cannot and will not claim to be complete, but it would be desirable if it
were further refined. For this, at least the marketing of the transfer object, the selection criteria and the
application requirements must be worked out more precisely. Furthermore, it is desirable that
experiences from other successful knowledge and methode transfer projects will be included.
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