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An extension towards a service perspective in manufacturing firms challenge the established knowledge base
of products, making it necessary to assess the team’s competences in light of a broader view of knowledge.
In this paper, the knowledge maturity scales are presented as a method for teams’ to visualize such wider
view. Thus, the team can assess which areas that are and are not covered, as well as estimate the state of the
current knowledge. The scales have emerged in an industry-academic research project, but needs to be further
improved to fit into a service perspective for manufacturing firms. The purpose in this paper is to present the
scales, the reasoning that was used to design them and to discuss the necessary improvements of them.
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1. INTRODUCTION
Recently in manufacturing firms, the intentions to provide service offers can be seen. For example,
leasing of products has become more interesting for both manufacturers and customers in a business-
to-business environment. Today, these companies tend to incorporate a vision of service provision
into their strategies, communicating more softer and intangible values than previously. Such values
are also seen from a customer point of view, and is expressed by a will to provide e.g. “total care
products” [1]. This new business model has over time been recognized as a specific value offer [2] or
servitization [3]. The core is that services will become the base for manufacturers’ offers and in some
cases these will totally replace the purchase of goods, in particular this is true for those firms that aim
to brand their company as sustainable focused. At the heart of the new business model is the belief that
service provision can change consumption patterns [4], yet such views have to affect the design and the
development of the goods to have a profound impact on sustainability issues. Here we argue that the
aspects — an extension to incorporate a new business model and the integration of service perspective
in early product development — challenge the established paradigm of manufacturing companies.

It is recognized that product development at a large extent has to manage other aspects than what we
can call “mere facts”. Bucciarelli [5] concludes that design and development work are social activities,
i.e. people communicate, collaborate, share and build on each other’s ideas etcetera. Previous research
has found that the stage-gate process [6] works as a boundary negotiating artefact [7]. The development
team can relate their work to the criteria for the gate decisions; thereby they can assess and negotiate
what is needed to fulfill the expected deliverables in the gate reviews.

The stages handle a wide array of knowledge and information. However, only a limited amount
constitutes the decision base in the gates. While supporting progress, the stage-gate model also filters
information and prohibits the build-up of a wider knowledge base. In a traditional product development
process this is still fairly straightforward, with activities being focused on raising the understanding of
the goods and its use. Here, the service development takes place when the product has been developed.
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Services are considered as “add-ons” that are offered on an “after market” [8]. With this perspective,
integrating service aspects with the development of the goods becomes troublesome. Instead of merely
gathering information about customers’ preferences on the device (i.e., what features they would like
to see improved), activities have to focus on peoples’ goals and wanted outcomes (i.e., what they like
to achieve with the device). A service perspective means that activities should be seen from the user’s
perspective, and services are integrated activities [9]. The service perspective also adds complexity,
because these aspects are intangible and difficult to measure.

In general, if such non-measurable aspects are handled in a development process, there is usually
an effort to represent them with numbers and figures. However, interpreting an experience into an
assessed number insists on knowing the rationale for such transformation. In this context, the quality
of the knowledge base is interesting, that is, what level of maturity does the knowledge base have.
Therefore, this paper presents knowledge maturity scales and discusses rationale for expanding the
criteria to include a service perspective in early development of goods.

Beside a pragmatic view of the term knowledge, the paper includes other delimitations. Decision
making is handled from the perspective of engineering design, in particular a process view. The
theoretical foundation presented here composes of distinct knowledge domains, but are interpreted
and viewed from the engineering design perspective. Further, even though inspired from previous
empirical studies the paper does not include accounting of such data. Data from aerospace industry is
reported on in Johansson [10]. This has implications for generalizations and the transparency of our
research method, in particular the choice of relevant theory presented in this paper.

2. RESEARCH METHOD
The knowledge maturity scales presented in this paper are based on empirical data from a research
project in cooperation with an aerospace manufacturer; see Johansson [10] for details. Through a
series of workshops with up to eight participants, with the aim to develop a knowledge support for
an accelerated development process of stage-gate format, industrial experts were closely involved in
the research effort. The participants of the workshops assisted in the development of the knowledge
maturity scales and allowed for the researcher to elicit their expertise of the work contexts, determining
what is an utopian decision-making situation and conversely what is the worst case scenario. This
approach offers a validation of sorts, albeit a more rigorous test is needed to further validate the
knowledge maturity scales.

The aerospace context is a bit different from many other industrial contexts since product
development is performed in extended enterprises with many companies, meaning that product
development is closely regulated in contracts between the partnering companies. This means that the
study cannot be generalized beyond this context, because many other sectors utilize a market push
strategy.

This study place the knowledge maturity scales in the frame of a shift to a service perspective
for manufacturing firms, presenting findings from literature, and then discussing and analyzing them
from this specific perspective. First the concept of knowledge is outlined as an effort to highlight the
pragmatic view on knowledge that is the basis for the knowledge maturity scales. Second, we present
the concept of knowledge maturity, followed by the third part where the knowledge maturity scales
are presented and discussed.

3. THE CONCEPT OF KNOWLEDGE
From a scientific point of view, knowledge is archetypically defined as ‘justified true belief’. This
definition, especially the meaning of “true”, has been a subject of controversial discussions for a
long time leading to a more facetted view of knowledge. Nowadays, knowledge is recognized as
encompassing dynamic dimensions as well, i.e. knowledge is also socially constructed and evolves
and changes over time. Knowledge is commonly divided into two main categories, namely, tacit and
explicit knowledge. Tacit knowledge is not easily expressed; it is highly related to human’s experiences
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and actions. The idea of tacit knowledge stems from the term local knowledge [11], which describes
that some facets of knowledge are related to what is locally known and inherent in practices and
routines, thus not straightforwardly expressed. Explicit knowledge can be articulated and (relatively)
easily formalized, for example into rules of thumb.

There is also a distinction between knowledge and information. Information can be separated
from context and humans, hence can also be formalized and disseminated within the organization.
Knowledge is context dependent and part of a human’s mind and body [12]. This view makes it possible
for discussions of explicit knowledge as being nothing else than information to occur. In respect of
knowledge as part of mind and body, a distinction of theoretical and practical knowledge can be done
(erudition and skill are other terms that can be found in literature). People can possess theoretical
knowledge as well as practical, so a human can convey knowledge by intellect and/or by skills.

For a firm knowledge assets are important, thus knowledge has no direct value for the company if
it cannot be transformed into actions and performance. A definition of knowledge from a company
perspective could be that: knowledge is actionable information [13]. And, for information to progress
knowledge actions, it has to fulfill some basics, namely being relevant, purposeful, in time and verified.

A company’s knowledge base can be described as facts, rules and procedures gathered and organized
into schemas [13]. Yet, it is understood that a firm’s knowledge base is built up of more that what is
produced in daily work activities [14]. For example, what is interpreted by individuals, given a new
context, anchored in the beliefs and commitments of individuals are also part of the firm’s knowledge
base [12]. Nonaka et al. [12] present four categories of knowledge resources that create value for a
firm (these resources are intertwined and cannot be seen as snapshots):

• Experiential — tacit knowledge shared in common experiences; e.g. know-how, emotions, concep-
tions.

• Conceptual — explicit knowledge manifested in images, symbols and language, e.g. product
concepts, design. These are explicit to the firm, but difficult to come to terms with what is perceived
by external actors.

• Routine — tacit knowledge embedded in practice, e.g. culture. These are reinforced and shared in
particular ways of thinking and doing in everyday business.

• Systemic — explicit knowledge that are systematized and packaged in, e.g., manuals and databases.

A criticism of contemporary knowledge management is that it focuses mainly on the systemic
knowledge resources from a monitor and control perspective [15]. In a decision making situation, a
crucial challenge is how to assess the knowledge sources and knowledge assets with respect to their
fitness for purpose. In these situations, there is a degree of ambiguity and uncertainty that needs to
be handled. What is the readiness of the information? Is it reflecting assumptions or verified facts?
Is there missing information? Is it current or out of date? Is there need of improvements? How does
the tacit knowledge complement the formal documentation? Therefore, an approach of knowledge
management as empowerment of actions is suggested.

For the knowledge maturity concept presented in this paper a pragmatic view of the term knowledge
is applied. A company perspective is used to capture the term knowledge, this means that all sorts
of aspects that can be transformed into activities and performance relate to knowledge. So, we will
content with acknowledging that knowledge is not straightforwardly defined and include both tacit
and explicit aspects, but still knowledge is used in some senses in companies. Though, the “maturity”
part needs to be discussed in the context of knowledge.

4. KNOWLEDGE MATURITY
Commonly, the word ‘maturity’ is described in dictionaries as an end state, as for example “the state
of being fully grown or developed” [16, p. 791]. However, this is not sufficient for understanding
maturity in this context. Grebici et al. [17] define ‘information maturity’ as “a compromise between
the target uncertainty and the expected uncertainty” [17, p. 282], thus explaining that immature
information (uncertain, incomplete, imprecise etc.) is exchanged in collaborative design teams. Their
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proposed information maturity framework aims to decrease risk of design errors, to support exchange of
information at the right level and in the right time and to highlight coordination problems. Nonaka [12]
outline the potential to formalize information, which is in line with the information maturity framework
intentions to support distributed work.

Bohn [18] defines maturity of knowledge as “understanding the effects of the input variables on the
output” [18, p. 63]. In such a definition ‘understanding’ indicates that knowledge cannot be separated
from context and humans [12]. ‘Understanding’ is a highly subjective and personal human activity,
thus depending on the individual’s attitude, skills and personality. Also, people “know more than we
can tell” [19, p. 4], indicates that people cannot provide the right knowledge in the right time in all
cases and that knowledge creation is an intertwined process in our doings.

The concept of knowledge maturity presented in this paper relate to these views, i.e. there are both
tacit and explicit aspects that should reach a state of completeness. However, the level of completeness is
assessed on satisficing rationality [20]. Satisficing rationality means that decision makers have limited
access to information, have limited capacity to process the information, cannot know all alternatives
and cannot judge their consequences. Hence, the concept of knowledge maturity is assessed in terms
of ‘good enough’ or ‘close enough’ [20]. This builds on supporting a dialogue among the actors.

Conceptual models [21] can be used to initiate a dialogue about what understanding that underpins
our doings, i.e. what meaning people give to certain information to take for them purposeful actions.
A conceptual model is not a blueprint of reality, rather it is a tool to support the reasoning and
communication of dilemmas in order to aid visualization of satisficing decision making. Technology
Readiness Level (TRL) [22] as well as Capability Maturity Model [23] for processes are good
candidates of the conceptual model category. Below the TRL concept is described in more detail.

4.1. Technology Readiness Level
The framework for TRL was developed by NASA [22] to guide the technical development work within
space missions. Aerospace is an industry that is governed by a rigorous regulatory framework, stating
the role of testing and certification. You simply cannot bolt parts on a plane that might not hold. The
costs for failure of any component or system will be too high in this setting. TRL is an approach to
judge the completeness in the technology by making the evaluation and validation processes from
research to ‘flight proven’ visible. Thus, also making it reasonable to assess the as-is state in relation
to the targeted to-be state.

TRL features a 9-level criterion scale, using the analogy of a thermometer, see Figure 1. The scales
represent states from TRL 1: observed basic principles to TRL 9: successful mission operations, i.e.
flight proven.

Figure 1. Technology Readiness Level, adapted from [22].
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TRL is a commonly established method within the aerospace industry. Apart from measuring the
technological maturity, one of the benefits of using TRL are recognized to be the negotiation about the
TRL value and that TRL provides a common language among the actors [24]. Though, the negotiation
is also supported by the focus on technology, e.g. evaluation methods and measures exist and aspects
can be made tangible by using the technology as the object for the discussions. As described above,
knowledge is a more complex aspect in decision making since it is more or less intangible.

5. THE KNOWLEDGE MATURITY SCALES
The knowledge maturity scales are developed as a complement to the TRL method. In each development
project, progress in the knowledge base is also expected. Commonly, such knowledge creation (i.e.
learning) takes place in a collaborative environment. Lessons learned systems are used to store
and disseminate some issues of knowledge creation, but does not support the direct interpersonal
communication in teams. In this direct communication between actors the reasoning builds up
understanding to give meaning to future activities. However, main parts of that reasoning are embedded
in “things we just do”, e.g. based on organizational culture, routine tasks and praxis. These “things we
just do” depend on different contexts, for example, some can be found on a organizational level, some
on a division level, some on a professional guild level and some on a personal level. The knowledge
maturity scales represent an effort to inspire to a dialogue to make the reasoning visible and to support
decision making.

First, a generic knowledge maturity scale was developed, see Table 3.1.. It is important to keep in
mind that ‘generic’ in the scales refer specifically to the case company (in Johansson [10]) and is not
the same as general for all companies.

The definitions of criteria for levels 2 and 4 have been intentionally omitted. These levels function
as intermediary levels where the criteria of the higher level are not fully met. When the actors position
their knowledge maturity in such an intermediary level, they are nudged to discuss ways to reach the
next level. By doing so, they find ‘pointers’ for what is needed. This performance is similar with the
discussions in TRL, i.e. a comparison between the as-is state in relation to the targeted to-be state.

Secondly, the scale was adapted to fit into three dimensions of knowledge maturity, namely input,
method and experience, see Table 4.1..

The input dimension relates to the information from sources outside the development team. External
information is a necessity and has a profound impact on the product under development. The challenge

Table 1. Generic knowledge maturity scale.

Note: Source [10].
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Table 2. Generic scales for input, method, experience.

Note: Source [10].

is to assess the quality of information. The method dimension relates to a wider view including tools
and procedures as well. There are often specific ways of working, i.e. standards. The challenge is to
assess the actors’ confidence of the methods, tools and procedures. The experience dimension relates
to human aspects, those who do the work have a great influence on it. The challenge is to assess the
consequences of people’s competences. These three dimensions are interrelated and the value from
the discussions based on the scale is the negotiation about a strategy for the specific context.

Also in this scale, Table 4.1., the level 2 and 4 have been intentionally omitted to support the efforts
to find relevant criteria for the specific task.

6. KNOWLEDGE MATURITY FOR PRODUCT-SERVICE DEVELOPMENT
The move in industry towards provision of services is commonly described as a specific value offer [2]
or servitization [3]. It might be misleading to talk about provisions of services, since it seems like these
‘services’ more relates to ‘value’ than ordinary services. In manufacturing companies the focus has
traditionally been on products, where services, e.g. maintenance, spare parts and training, are offered
to keep the goods up and running. The change into a focus on value offerings and providing systemic
solutions challenge the established development procedures, subsequently, act both as a window to
start rethinking routines and as an opportunity to take a step closer to partners in the value chain. From
a development perspective, it is important that engineers and designers are involved in early phases.
This, we argue, is a way to realize the the extension towards a service perspective, but also challenging
due to the different thinking, reasoning and doing compared to what has been learnt and practiced
so far.

For example, the idea of what a product actually is changes. This kind of reflection is not necessary
in manufacturing companies today, since everyone knows that the goods is the product and that services
should support it. For a service business model, despite attempts to do so, it is not straightforward
to find the answer in the name. Also, since the idea is to provide the users/customers with what they
perceive as value, the core of the product is a matter of negotiation. Commonly, as exemplified with
the TRL, physical artifacts can be assessed and evaluated vis-à-vis product specification, for a service
model agreeing on a product to specify is in itself an issue. The development team has to be supported
in their efforts to communicate cross knowledge domains and settle for the ‘product’ (the degree of
combination and/or integration of goods and services) that is ‘good enough’ for all parties.

From the teams’ point of view, the aspects that are included in product-service development are
based on both tacit and on explicit knowledge. For general terms, like value, all parties have an
opinion what it is, but in development teams the understanding of the terms used are rarely discussed.
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Commonly, it is assumed that the interpretation is shared, yet over time discussions and even conflicts
can emerge. Tacit knowledge and experiences usually need more dialogues and reflections than explicit
knowledge. Typically, product development embarks from specifications that state the requirements
on the product, while from a service perspective; the ‘product’ (degree of combination or integration
of products and services) has to be settled by the team that should do the design. Understanding
information from users/customers includes to interpret, and thereby to do subjective judgments to
translate it. And, this goes both ways since the user/customer have to express their requirements related
to what they perceive as value. Here we suggest adapting the knowledge maturity scales to support this
kind of dialogues. The generic scale for input, methods and experience (Table 4.1.) could be improved
to fit a service perspective by, for example add a set of questions to nudge the team in a direction.

Additionally, to be truly effective as a decision support instrument, the knowledge maturity scales
needs to be complemented by a visualization tool to provide stakeholders with a timely awareness of
what aspects of the service offer that needs to be further scrutinized to reach a confident level to open a
gate. The focus of a visualization to support knowledge maturity assessments should be on providing
the right information at the right time to the stakeholders, meaning that they should in an effortless
manner be able to pinpoint areas of weakness and/or disagreement between the stakeholders. Further,
this kind of decision support should make use of a peer review process to allow the stakeholders to
perform a perspective sharing dialogue, which give pointers for project progress.

7. CONCLUDING REMARK
This paper embarked in the effort to present and discuss the rationale for knowledge maturity scales for
the purpose to set up criteria for improved scales, which can support decision making for an extended
business model including a service perspective.

Having inherent ambiguity, the new business model brings great opportunities, but also poses risks
of not being able to assess the readiness of the teams’ knowledge base. In typical product development
‘unknowns’ relates to a goods, meaning that we do not know the answer but we know what to ask
about.

In product-service development, the knowledge base is built up of much more tacit knowledge, due
to the integration of service and value, meaning that asking the right questions is difficult for the team.
The knowledge maturity scales allow discussions to find the as-is level of competence, still guidance
is needed to take on a service perspective that avoid “business-as-usual” mentality.

Therefore, we conclude that the knowledge maturity scales, especially the generic scales for input,
method, experience, should be improved by a set of questions at level 2 and 4. That guidance could
support stakeholder with the comfort and confidence to take a go/no-go decision for product-service
development.

For further research the effort is to make the knowledge scales more adaptable to product-service
development by designing a set of questions and visualize the team’s answers to those questions.
Such a tool put forward a conceptual model of the team’s knowledge domains and competences at an
abstract and holistic level. In this generic picture, pointers to areas where additional competences are
needed should be highlighted, i.e. pointing out low maturity areas. The generic appearance supports
discussions in a cross-disciplinary team and avoids them to go into details early on. By this, there is a
possibility to decrease time-consuming discussions that build on no shared design view in the team,
and increase the effectiveness in decision making.
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