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Manufacturing knowledge: Going from
production of things to designing value in use
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Abstract. A new vision in manufacturing is to develop product-service integrated value solutions. Today, few firms have fully
realized this vision because they are not able to support the reasoning in the early stages of design. The purpose of this paper is
to discuss engineers’ cognitive challenge when replacing the core product rationale with value logic. The paper problematizes
engineering design by dividing knowledge into the categories technically constructed (explicit) and socially constructed (tacit).
In doing so, this study contributes the assumed effects of a perspective shift that could guide the development of computational

tools.
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1. Introduction

Modern business strategy is commonly said to have
roots in a new knowledge-based society. Proof of such
a concept can be seen in the ManuFuture report pre-
sented in 2004 [14], which states that the knowledge
content of manufactured products should ideally reach
the level of at least 20% of a product’s content in 2020.
Further, taking a historical view, the trend of increas-
ing products’ knowledge content can be seen begin-
ning from the end of the Second World War (5% in
1945) and moving into the 21st century (16% in 2004).
This implies a transformation of the fundamental pro-
cesses of manufacturing. That is, knowledge is not only
used to optimize specific production tasks, but knowl-
edge is also captured and transferred — via platforms
and competence networks — to other areas in which it
can be advantageously employed [14].

However, what knowledge is in a knowledge-based
society is not as straightforward as it seems in engi-
neering literature. That is, not all knowledge is dis-
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crete and explicit, and not all knowledge can be read-
ily turned into codified processes, as the literature as-
sumes. For example, from a knowledge-based engi-
neering perspective, the activities of identifying, jus-
tifying, capturing, formalizing, packaging, and acti-
vating knowledge are important [44]. These steps are
needed in order to represent and store knowledge with
the aim of reducing the time and cost of building
knowledge platforms or applications, but they also in-
dicate that the knowledge is readily accessible and ex-
ists in an explicit form. However, Bell [S] concluded
that only 4% of organizational knowledge is formal-
ized in a structured form, whereas 16% is stored as un-
structured data, and as much as 80% is stored in peo-
ple’s minds. The challenge of not having procedures
that formalize experiences and know-how is still appar-
ent in the manufacturing industry. A firm’s low level of
formalized organizational knowledge might stem from
a failure to apply satisfactory methods and from a nar-
row view of what actually constitutes knowledge.
Basically, management literature distinguishes be-
tween two main categories of knowledge: explicit and
tacit (e.g. [21,36,37]). Explicit knowledge’s character-
istics make it fairly similar to, for example, facts and
information — what is referred to as know-what. On the
other hand, tacit knowledge is context dependent and
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relates to experiences, often referred to as know-how —
that is, practical knowledge applied in a specific con-
text [23]. Riding a bike is a commonly used example of
know-how, or tacit knowledge: it is difficult to explain
how to do it; one has to try it. The European Union’s
Lisbon Strategy [28] indicates that a knowledge-based
economy drives economic growth, thus reflecting the
imperative that companies broadly address knowledge
in their product designs. That is, knowledge manage-
ment should not only fulfil the goal of formalizing what
firms actually know but should also meet the goal of
creating a base for innovative product development and
user orientation.

Trends such as innovative development, user orien-
tation, and servicification have recently become evi-
dent in manufacturing industry. The trend of servici-
fication, which is captured in the concept of product-
service systems [34], describes a new situation in
which a manufacturing firm’s offers are based on value.
The offer meets customer requirements when the to-
tal solution — that is, everything that can be provided
by the supply chain — delivers the intended outcome
in the customer’s processes. Visions to bring value
to customers’ processes can today be seen in con-
temporary manufacturing companies’, for example,
lower the customer’s cost by 30% or increase the cus-
tomer’s efficiency by 10%. Such intentions in practical
terms mean that engineers must design for customer-
perceived value rather than employing, as they usu-
ally do, an existing product specification as the guid-
ing template. Simply put, manufacturing firms have
expressed an interest in shifting from being product-
focused to being service-oriented organizations, but
they cannot foresee how to accomplish this. In or-
der to contribute to the adaptation of computational
knowledge-management tools for the early stages of
product development, this paper discusses the engi-
neer’s cognitive challenge when replacing the core
product rationale with value logic: Owing to-a lack of
real cases in which manufacturing firms have imple-
mented the value logic, the paper concludes with the
assumed effects of the perspective shift.

First, we present a short explanation for the method-
ology applied in this paper. Second, we detail the servi-
cification and knowledge perspective of early stages of
product development, and in parallel, also problema-
tize and discuss them. The discussion derives from re-
search conducted in collaboration with industry, but
the paper is delimited in terms of accounting in detail
for the generation and analysis of the empirical mate-
rial.

1.1. Methodology

This paper is based on empirical data about com-
panies’ efforts so far to adapt activities and tools for
servicification. The data was obtained through previ-
ous research activities but not exclusively outlined.
The paper can thus be seen as conceptual, but the dis-
cussion is grounded in extensive data. The data, ac-
quired through interviews, observations, and informal
interactions with many manufacturing companies, is
mainly qualitative and was collected between 2003 and
2012. Much of it was gathered through a large research
project conducted in the aerospace industry that gave
us access to over 59 partners [12].

The companies studied are medium and large in size
and develop various products; a common character-
istic is that they all act in a business-to-business en-
vironment. The underlying premise of the paper, the
trend of servicification in the manufacturing industry,
gets at the heart of these companies’ business strate-
gies. Demonstrators were developed in the research
projects, and this approach has been applied so as to
test and evaluate research ideas in the industrial set-
ting. These activities provide, as outlined here, a source
for the conceptual discussion from which we draw our
conclusions.

2. Servicification

Service, from an engineering perspective, mainly
addresses maintenance, repair, and overhaul — that is,
services that keep goods operating. However, the idea
of the servicification of a manufacturing firm includes
not only training and education in operating the prod-
uct [2] but also extending knowledge domains from
a development logic based on products to designing-
in customer-perceived value and performance [29].
Frankly, instead of thinking of and designing goods,
engineers must think and design “value.” Yet value is a
fuzzy, not to mention complex, concept whose defini-
tion depends on how and in what context it is used, as
well as by whom. To avoid misunderstandings of trans-
lation, engineers must apply more-developed mental
models of what constitutes the knowledge base in this
unfamiliar situation, as well as helpful computational
support. The early design stages are likely to become
even more important than they already are not only for
deciding upon product appearances but also in order
to incorporate value assets that are important for the
product’s performance in customer processes. This can
be seen as servicification’s shift into mass production.
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Incorporating servicification as a holistic guiding
principle for engineers has proved a challenging task
for industry because servicification includes innova-
tion opportunities, while contemporary models and
tools handle mainly existing product-related knowl-
edge. Through servicification’s introduction, engi-
neers’ cognitive models must move beyond the tradi-
tional scale of the designing and manufacturing pro-
cess, shifting from production of things to delivery of
value. Overseeing and anticipating later parts of the
whole process of design and production will become
even more essential to the servicification design pro-
cess, for engineers must incorporate and manage the
extended product life cycle from understanding user
behaviour to the fulfilment of users’ perceptions of
value.

As the concept of a product moves from a physi-
cal commodity towards becoming one of several value
carriers, a need arises to equip engineers with compu-
tational tools that support them in understanding the
business case, managing innovation opportunities, and
executing sound decisions in the early stages of prod-
uct development processes. A key issue for engineers is
not exceeding the allocated development budget while
simultaneously searching and choosing among sev-
eral alternatives. This focus, called loss aversion (i.e.,
the fear of exceeding the predicted costs), can prevent
engineers from choosing a solution that is probably
better in a specific situation [16]. Therefore, a'com-
putational method based on fuzzy numbers has been
suggested to decrease such biases in human decision-
making processes [16]. Another key issue for engi-
neers is the optimization of chosen solutions. However,
models used for optimization are often idealized esti-
mations of real-life problems, creating uncertainty re-
garding constraints [13]. Instead of exploring the po-
tential of several alternatives, engineers tend to limit
or partition the search space so as to reduce the com-
putational running time. As demonstrated [13], such
barriers are addressed by the framework of Coglnfo-
Com and could support manufacturing firms in deci-
sion making for servicification.

Mintzberg and Westley [33] distinguished among
“thinking first,” “seeing first,” and “doing first” styles
of decision making. Thinking first is appropriate when
one, for example, can apply control to the input/output
and when the problem occurs in a structured context.
Seeing first is typically helpful in new product devel-
opment, in which both creative solutions and cross-
boundary communication are vital. Doing first is suit-
able in situations that are novel or confusing and when
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Fig. 1. The knowledge pyramid.

decisions are hampered by complicated specifications.
Owing to an increased degree of uncertainty, decision
support for servicification solutions seems to require
that engineers (virtually) see and do beforehand in or-
der to facilitate a new type of knowledge management.

3. Knowledge and the product development
process

Any effort to define the term knowledge in an abso-
lute way can be considered vain, a task that the ancient
Greeks began and that researchers in modern society
are still debating. In particular, perspectives diverge
into technological and human science views. There-
fore, knowledge research can be controversial; knowl-
edge is important to most firms, however, and the man-
agement of knowledge is of utmost concern for product
development. Those firms that find knowledge man-
agement truly essential thus also need to find a practi-
cal definition of knowledge. Given that manufacturing
firms are often organized in a product-oriented fash-
ion, they commonly define knowledge as, for instance,
facts and methods — that is, as known quantities.

From a knowledge perspective, the product design
process comprises activities that build a body of infor-
mation and knowledge into a complete formula for the
production and the launch of a product [42]. Hence,
the idea of engineering as knowledge intensive work is
firmly established in the research.

In knowledge- and information-management litera-
ture (e.g. [17,20,39]), the distinction among data, in-
formation, and knowledge is often made and has been
illustrated in the knowledge pyramid (Fig. 1), also
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known as the DIKW hierarchy. It should be stressed
that the top of the pyramid, wisdom, is a controversial
matter, since the transition from knowledge to wisdom
is vague. In addition, use of a pyramid indicates that
the higher aspects are sought after and more valuable,
though this is not always the case [43]. On the contrary,
one’s preexisting knowledge influences which data one
collects and how one measures or assesses it [46], so
there is also a feedback down the pyramid [24]. For
instance, in the design of technologies and systems
(often governed by the Technology Readiness Levels;
TRLs [30]), the difference between knowledge and a
pure guess is often the evidence that is either measured
or observed — that is, the data or the information [31].
Something is not “known” unless one can prove it to
be right.

Forming the bottom of the pyramid (Fig. 1), data is
considered raw material consisting of figures, letters,
numbers, or similar items in no particular order. Data
comes directly from an instrument without any pro-
cessing (it should be noted that a person can be the in-
strument). A coding key, which stipulates how to read,
combine, or transform the data, is needed to achieve in-
formation. A context — for instance, a design vision or
a problematic situation — is needed to accomplish the
transformation from information to knowledge [39].
Typically, it is concluded that knowledge is contextu-
ally dependent [37]. Consequently, what one person
considers knowledge may to another be simply infor-
mation or even data. On a similar note, Wickler and
Potter [49] has highlighted this issue — in the context of
fire prevention — also from an information-processing
perspective. The ‘information-gathering’ problem [49]
needs to be address through three phases — data vali-
dation, data aggregation and abstraction, and informa-
tion interpretation — to ensure that the information is
accurate, concise, timely, and meaningful. Finally, the
pyramid metaphor implies that the lower steps require
larger quantities that transform into-the more compact,
higher levels [20].

The core logic in product development models [47]
indicates that the range of information/knowledge
searched for should converge as quickly as possible.
Practically, this means that an early decision to pre-
cisely set the product specifications is beneficial in
terms of, say, decreasing time to market but is also neg-
ative because it becomes a barrier to building knowl-
edge platforms for future products. That is, limited data
and information are explored in order to gain infor-
mation about future markets, customers, and new ex-
tended solutions. In straightforward terms, the knowl-

edge base becomes too focused and too limited for the
new business of servicification. As an example, a com-
pany may focus only on producing a product or goods
to satisify an end market instead of looking within to
see which elements of its internal processes or know-
how could be sold to other companies (or other stake-
holders within the company) so as to innovate or in-
crease the servicification of the business.

3.1. Managing knowledge

Research literature describes a first and a second
wave of knowledge management [1]; both are needed
to execute the design and development of servicifica-
tion. The two exhibit clear differences, however (see
Table 1), not only in the ways they are applied but also
in their aims and reasoning. The first wave is described
as focusing on controlling and monitoring organiza-
tional knowledge flows. Representative questions that
guide the efforts are the following: How can we iden-
tify our knowledge assets? How can we capture and
formalize our knowledge? How can we disseminate
and reuse the knowledge? From the perspective of the
first wave, knowledge is tangible; it can be transferred
from one instance to another. Knowledge “carriers” are
typically facts, measures, validated and formal proce-
dures, and so on. Typically, this is what can be related
to the idea of explicit knowledge, or information, as
defined by Nonaka et al. [37]. Information has been de-
scribed by some researchers as a “flow of messages”
(e.g. [17]), and in light of the knowledge pyramid it
can be argued that just because one is informed does
not necessarily mean that one possesses the knowledge
to take appropriate action. That is, the receiver might
lack the necessary understanding of the context (i.e., a
coding key) and hence be unable to transform the in-
formation into knowledge.

The second wave of knowledge management is de-
scribed by Ackerman et al. [1] as intended to empower
people by providing them opportunities to learn anew.
Here, a characteristic of knowledge is that it is sub-
jective and socially constructed, emerging when peo-
ple solve a problem jointly and reflect on the work per-
formed. From this perspective, knowledge is highly in-
dividual and contextually dependent. People learn in-
dividually but also collectively via the reflection that
takes place within teams. Team actors can recall previ-
ous situations, comparing them with new ones and con-
sidering any similarities when facing a new and prob-
lematic situation [41]. They develop not only experi-
ences but also a joint coding key from which the learn-
ing curve can become steeper in similar future projects.
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Table 1

Differneces in Approaches (adapted from [22])

1st wave approach

2nd wave approach

Why is knowledge shared?
When is knowledge shared?
Where is knowledge shared?
Whose knowledge is managed?
What knowledge is shared?
How is knowledge shared?

Managerial purposes
On an operational level

Codified

When there is an opportunity to do so
Individual: human capital

Via repository systems and electronic networks

Daily work

When there is a need to do so
Organizationwide

Collective: social capital

Tacit and codified

Via personal and electronic networks

Servicification, with its increased service content
and increased interest in designing customer-perceived
value, is in the manufacturing industry considered a
novel context in which engineers generally lack previ-
ous experience in making sense of the intangible and
quite subjective knowledge about what customers per-
ceive as valuable. Therefore, one important imperative
in manufacturing is to develop methods of managing
the type of knowledge defined by the second wave of
knowledge management.

In general, first-wave knowledge-management sup-
port is well established in the manufacturing industry,
at least in medium- to large-size companies. Applica-
tions like Product Data Management (PDM) and Prod-
uct Lifecycle Management (PLM) systems are exam-
ples of such useful tools. Data mining and knowledge
discovery in databases (KDD), which are means of
capturing and making manufacturing knowledge avail-
able for reuse, have also gained a fair amount of at-
tention over time (e.g., [3]). Many first-wave knowl-
edge management systems can be categorized as ex-
pert/knowledge systems because they allow manage-
ment to keep track of the knowledge and provide the
option for them to keep up to speed on the status. Usu=
ally, these systems are built upon knowledge rules that
must be upgraded and refined by a system manager
as new knowledge emerges. Owing to, for example,
a lack of compatibility between different companies
and the resources needed to maintain such knowledge-
management systems; these systems can be described
as “heavyweight” [8]. Captured knowledge is formal-
ized into codified procedures (i.e., made explicit and
contextualized) and is thus considered an essential or-
ganizational resource.

The second wave of knowledge management needs
applications and systems that provide a platform for
knowledge and experience build-up — in other words,
expertise sharing. Such support is based on users’ ac-
tivities and interactions; thus, users themselves build
up the content and keep it updated. To distinguish
these from the traditionally used applications, they can
be categorized as lightweight [8]. Lightweight tools
do not, for example, require a particular infrastructure

(except Internet access) to connect companies and, as
mentioned, those who use them continuously maintain
them.

In the case of the servicification business model,
manufacturing companies have stated that they need
to collaborate more closely with customers, suppliers,
and additional firms in, for instance, the insurance,
banking, and servicing industries. Collaboration across
organizational borders offers the prospect of both de-
veloping value-adding products and successfully pro-
viding long-term offers. In light of the challenges ser-
vicification presents, giving rise to many uncertain-
ties and risks, companies find it necessary to collabo-
rate and to share knowledge, risks, and resources. This
means that it is also necessary for them to develop and
apply appropriate approaches so as to enable closer
teamwork in early design.

The issues of security and the protection of knowl-
edge from leakage are often mentioned as reasons not
to invest in lightweight types of support [7], while it
can be argued that different organizational contexts
constitute a “natural” way to safeguard the knowledge
(i.e., knowledge is transformed using different coding
keys). If so, sharing tacit knowledge within a collabo-
ration or partnership would be a win-win situation.

3.2. An extended knowledge life cycle

As argued above, in order for knowledge to be trans-
ferable to another recipient, whether an individual or
a group, it needs to be codified; subsequently, in or-
der for that knowledge to become useful, the recipient
must have access to a coding key (e.g., insights into
the context or knowledge based on a similar situation).
Tacit knowledge, which is usually produced in prac-
tice, is difficult to identify and capture, thus intentional
and direct activities to codify it are generally lacking.
However, this lack does not relate simply to the tacit di-
mension; lack of motivation also stems from economic
concerns. The codification activities of knowledge do
not show an immediate return on the investment [11],
and for some firms this raises serious concerns about
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whether such activities are too costly. How firms al-
locate resources for knowledge-management activities
and the kind of knowledge that is addressed may at
first seem to depend only on organizational and cul-
tural aspects, but the questions also, it can be argued,
arise from the lack of a diversified view of knowl-
edge. Concrete, physical, and discrete are common key
words that describe technical product-related knowl-
edge, while immaterial, subjective, and social describe
the perspective of an extended knowledge base for ser-
vicification. Likewise, there are two main types of tacit
knowledge: uncodifiable (i.e., truly tacit) and not yet
codified [11].

The descriptions of different knowledge life cy-
cles highlight that knowledge-management efforts are
likely to differ depending on the predefined and fol-
lowed steps. For example, McElroy [32] suggested the
stages production, integration, and diffusion/applica-
tion, which convey a knowledge management process
based on already codified procedures — that is, on the
management of known characteristics. Blessing and
Wallace [9] proposed the stages outside sources, gen-
erate, capture, learn, store, retrieve, and use. Their pro-
posal stresses not only the search for additional knowl-
edge (e.g., outside the team, the department or the com-
pany) but also a learning process whereby new knowl-
edge is created. These stages convey a knowledge-
management process based on the exploration of un-
known characteristics.

3.3. Knowledge-maturity scales

As the knowledge base becomes wider, it also be-
comes more ambiguous, and uncertainty increases.
Commonly, engineers (as most people do) approach
an unfamiliar situation by asking the question “Have
we done this before?” That is, they begin by search-
ing for some frame of reference within which to inter-
pret the new situation. But applying a method to filter
out all uncertainty (a risk perspective) diminishes the
basis for finding product-service solutions. Therefore,
exploring the new situation (an opportunity perspec-
tive) is preferable. For this reason, engineers must be
comfortable preserving ambiguity throughout the ex-
ploration stages. This is not to say that manufacturing
firms should always decide to implement radical solu-
tions; rather, they should learn from the modelling and
simulation of additional knowledge perspectives.

In order for engineers to move beyond applying a
“business-as-usual” method in early design — think-
ing only about how to solve the technical development

problem — they need support to communicate their cog-
nitive model, the kind of information and knowledge
that their decisions are based on. Commonly, an ap-
proach that relies on measurements and facts leads
people to believe that a subjectively set measure is
more objective and “real” than it actually is. Represen-
tatives of manufacturing companies have said that if
someone prescribes a measure, however subjective it
is, it becomes not only a fact but also a problem over
time. Product development — in particular, product-
service, or servicification — deals daily with subjective
assessments. However, those are commonly not made
explicit because a method (even a simple one) for vi-
sualizing this generally does not exist.

Apart from subjective assessments, it is also com-
mon for engineers to apply placeholder values [15], —
that is, educated guesses — that can be used in place of
the true values to keep development moving forward.
Nevertheless, these cannot be perceived as represent-
ing the truth; such guesses should, at some stage of the
development work, be exchanged for “real” knowledge
that has been proved true. In real life, however, this is
not always easy, given that development can advance
quite far and many decisions need to be made before
these placeholders are corrected. In some cases, they
have even been “forgotten” and accepted as valid well
into the development process. What is needed is a way
of representing and assessing the level of certainty, in-
dicating to what extent information can be trusted.

Maturity can be understood as “a compromise be-
tween the target uncertainty and the expected uncer-
tainty” [18, p. 282], meaning the difference between
the level of uncertainty (and information and knowl-
edge) at which one can be certain and the current state
of uncertainty. This could be seen either as a percent-
age or as a certain step on a ladder. Bohn has defined
maturity of knowledge as “understanding the effects of
the input variables on the output” [10, p. 63], meaning
that whatever one feeds into an activity will in some
way affect the end result. A high level of knowledge
maturity allows one to predict the result based on what
one does and on the information one uses in the activ-
ity. The notion of knowledge maturity has been further
developed into a decision support [25]. In this view,
understanding cannot be separated from the working
context or, for that matter, from the people doing the
work. Hence, knowledge maturity, as Johansson devel-
oped it [25], uses input information, tools, and meth-
ods, as well as people’s experience and expertise, to
represent the current state of certainty.

Often, the reasoning behind how certain activities
are performed or which activities are performed, and
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Narrative knowledge-maturity scale (adapted from [26])

5 Excellent — The content and rationale are texted and proven. They reflect known confidence regarding, for instance, risks.
— The procedure to produce the content and rationale reflects an approach where tried out methods are used and where

workers continually reflect and improve.
— Lessons learnt are recorded.

4 Good
3 Acceptable - The content and rationale are standardized and defined (i.e., documented and formalized).
— There is more detailing and definition.
— The procedure to produce the content and rationale is more stable than at previous levels, with an element of standard-
ization and repeatability.
2 Dubious
1 Inferior — Content and rationale are characterized by instability (e.g., poor/no understanding of knowledge base).

— The procedure to produce the content and rationale is dependent on individuals and formalized methods are nonexis-

tent.

why, hinges on the rationale that these are “things we
just do.” In other words, these decisions are based
on organizational culture, routines, and praxis. Such
choices depend on varying contexts, even in specific
departments, on people’s preferences, or on specific
organizational capabilities in certain methods or do-
mains. Knowledge-maturity scales represent an effort
to inspire debate and dialogue in order to make the rea-
soning visible. That, in turn, can provide an improved
foundation for decisions.

Like the Technology Readiness Levels (TRLs) de-
veloped by NASA to guide technology and system
maturation through development [30], knowledge ma-
turity scales [26] feature narrative definitions of know-
ledge-base levels. The TRLs scale features 9 steps,
whereas the knowledge-maturity scale features five
steps, ranging from “inferior” to “excellent” knowl-
edge (see Table 2).

As previously mentioned, knowledge-maturity
scales have been developed to cover input, methods,
and experience (see Table 3) and to more comprehen-
sively represent the understanding of the current cer-
tainty level. The aim is to make the notion of knowl-
edge maturity less abstract for assessment purposes.
The input dimension relates to information coming
into the project from the outside, information that can
have varying degrees of dependability. The method di-
mension deals with a wider view on tools, procedures,
and methods, allowing decision makers to assess the
dependability of these based on validation and verifi-
cation, as well as according to their suitability for a
given purpose. The experience dimension surveys the
“human factor” within a development project. Those
who do the work have different degrees of expertise,
sometimes within very specific fields of application,
whereas it is also inevitable that management will need
to staff projects with people who are novices to some
degree, given the ongoing rotation of personnel.

Knowledge maturity is intended as a complement
to the development of the core product and service
aspects, which are often assessed using the TRLs
scale. Each development project requires some learn-
ing about the product or service in order to reduce un-
certainty. This “knowledge journey” is followed up on
using the knowledge-maturity scales.

In the case of servicification, in which knowledge —
especially about customer-perceived value — can be
quite subjective and riddled with uncertainty and am-
biguity, it is essential to visually communicate the as-
sessed maturity. Thus, there is a need to support the
empowerment of engineers by also addressing the sec-
ond wave of knowledge management.

4. CogInfoCom and servicification

The established supports and procedures that have
successfully managed the first wave of knowledge, it
could be argued, have become the grand challenge for
implementing complementary qualitative and subjec-
tive approaches. The successful implementation of ser-
vicification in a manufacturing company will have an
effect on all levels, particularly on the design and use of
computational support. Company representatives have
recognized and discussed that the established knowl-
edge management approaches do not provide sufficient
support for widening the knowledge base; for instance,
they do not support the search for innovative solu-
tions and do not capture the experiences of elaborat-
ing on and assessing alternative solutions. Any shift
in perspective faces a period of debate and gatekeep-
ing [27], which delays and hinders progress. There is
also a tendency to view the shift from an “either/or”
point of view. This is especially a barrier in servicifica-
tion, which addresses the domains of service and prod-
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Knowledge-maturity scale for input, method and experience (adapted from [26])

Input Method

Experience

5 Excellent

Input is detailed and verified. Tested,

standardized, and verified Long verified experience and expertise

methods that are under continuous re-  within area of concern.
view and development.

3 Acceptable Input is available in detailed form but  Standardized and texted methods have  Proven experience and competence

4 Good
is not verified.
2 Dubious
1 Inferior Risk of incorrect input data.

hoc).

been used.

within area of concern.

Untried methods have been used (ad  The person doing the work is inexpe-

rienced (first time).

uct thinking. A service-management perspective advo-
cates that firms abandon the product perspective if they
intend to turn to servicification. The proponents of ser-
vice management suggest that the mental model of the
product as the main value carrier should be replaced
by, for example, resources such as personnel, technol-
ogy, knowledge, and time, and that the manufactur-
ing firm should be able to address all stakeholders’
needs, wants, desires, and expectations [19]. Yet Nor-
mann (2001) [38] argued that companies seldom aban-
don old models because they are not completely irrel-
evant. And in the case of servicification, the product is
certainly still vital, but the complexity increases owing
to the necessity of addressing several business models.
These models are the following (adapted from [45]):

— Product oriented: the ownership of the product
is transferred and additional services are pro-
vided, as in transactions involving stand-alone
products (i.e., a conventional manufacturing busi-
ness model).

— Use oriented: no ownership is transferred, but the
firm allows customers to use the product them-
selves as a service (e.g., leasing or renting).

— Result oriented: no ownership is  transferred;
rather, customers pay when they benefit from the
product’s performance (the scissors) when it is
used by someone else, as in services (e.g., a hair-
cut).

The last category is not only the optimal servicifica-
tion but also a grand intellectual challenge for manu-
facturing firms on several levels of abstraction. For ex-
ample, new value-chain models are needed, as are ap-
proaches for incorporating the customer as a contribu-
tor in the planning stages.

Rather than focusing on later stages — for example,
how to sell and whether the customer owns the prod-
uct — a resource-based knowledge model could use-
fully sustain a shift from product to value. From a
resource-based perspective, a transition from one rea-
soning to the other is described in the visualization

of a conceptual vocabulary for goods-dominant con-
cepts (G-D) and service-dominant concepts (S-D) [29,
p- 286], as outlined in Table 4.

Again, a transition from one strand to another
has been suggested in service literature because re-
searchers have concluded that that the rationales for
product development and service development involve
two entirely different styles of reasoning, and whether
those can be managed simultaneously has been ques-
tioned [48]. The gatekeeping of contemporary ap-
proaches is dominant in the manufacturing industry.
CogInfoCom, which has emerged from a synergic
combination of cognitive science and infocommunica-
tions [40], could provide a feasible way to break down
the barriers between product development and service
development. The convergence of sciences brings ad-
ditional advantages, and the impact of such synergy
could give rise to new approaches, platforms, products,
services, and applications [40] — all in all, to what is
also expected from the product-to-value shift in indus-
try.

Further, the development of computational support
for engineers relies generally on traditional technical
reasoning. This implies that these tools often lack a
feature to directly capture or support innovative rea-
soning; instead, they depend on factual knowledge
(e.g., historical data) and a support developer who up-
dates and maintains that knowledge. Some companies
have implemented specially designed rooms equipped
with virtual reality tools. Despite the high expecta-
tions on such new technology as an aid in work, en-
gineers do not commonly use them. Engineers have,
though, expressed the importance of interacting with
a physical product (feel, touch). This might, on one
hand, explain why engineers have trouble incorporat-
ing the intangible aspects of servicification into their
reasoning. On the other hand, it would, if considered
in the design of computational support, facilitate ser-
vicification if the aim were to make intangibles visual.
One such example is a colour-coded CAD tool that
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Table 4

Conceptual vocabulary (adapted from [29])

G-D logic concepts

Transitional concepts

S-D logic concepts

Products Offerings
Feature/attribute Benefit
Value added Co-production

Profit maximization

Equilibrium systems
Supply chain
Product orientation

Value chain

Financial engineering
Price Value delivery
Dynamic systems

Market orientation

Experiences

Solution

Co-creation of value
Financial feedback/learning
Value proposition

Complex adaptive systems
Value-creation network
Service orientation

demonstrably supports decision making by increasing
engineers’ awareness of value in relation to servici-
fication (e.g. [6]). The use of colour makes it possi-
ble not only to consider the tangible and intangible
value of each design alternative but also to estimate
knowledge maturity. This approach proposes that engi-
neers need to understand how a concept is positioned
against a benchmark (e.g., the actual product perfor-
mances, which determine a baseline) and a target (e.g.,
a specific long-term forecast, which makes it possible
to compare different value dimensions) [6]. The result
can subsequently be assessed in relation to different
business models and classified as product oriented, use
oriented, or result oriented. Understanding and assess-
ment are in this case practicable, even though absolute
value scores are not achievable owing to the intangi-
ble elements of servicification [35]. The colour-coded
approach has gained interest among companies devel-
oping 3D CAD support; the tool will basically become
a complement to existing solutions. Hence, there re-
mains a need to address ways to capture, formalize,
and represent the socially constructed knowledge that
engineers build when interpreting the result from the
screen — that is, to address the infocommunication be-
tween the application and the human beings. CogInfo-
Com provides one such wider view on support because
it not only incorporates stored information but also em-
phasizes users’ interaction with it [4].

5. Concluding remarks

Many manufacturing firms have adopted a vision
of increasing the knowledge content and thus the ser-
vice content of their solutions. Yet they remain in an
early stage of business execution, and there are few ex-
amples of optimal servicification, or of result-oriented
business solutions [45]. Even fewer are the examples
of best practices within the manufacturing industry for
managing and supporting a wider knowledge base in
early product development activities.

This paper touches upon a need to rethink the de-
sign of engineering computational support in light of
the industry’s changing focus, which has shifted from
product production to value provision. We have out-
lined an in-depth view of the distinct nature of explicit
and tacit knowledge, as well as two different strands of
knowledge management, in order to problematize en-
gineering design for servicification. In order to explore
the subject, we framed the discussion according to an
either/or perspective. However, although real product
design manages the complexity of blurred relations be-
tween explicit knowledge (e.g., information) and tacit
knowledge (e.g., experiences), it is an acknowledged
fact that manufacturing companies lack support for and
insight into those situations. As it stands, the develop-
ment of engineering design support rests upon a tech-
nical tradition, thereby manifesting an unwillingness
to change mental models and sustaining business as
usual. We have highlighted that CogInfoCom, because
it addresses both infocommunication devices and cog-
nitive science, could provide insights into the stepwise
learning process that the manufacturing industry needs
to implement in order to shift from product develop-
ment to value provision.

6. Conclusions

Because this paper puts forward a conceptual ap-
proach, discussing and problematizing the issue, con-
clusions cannot be drawn in a general manner. In the
case of servicification, as presented here, it can be as-
sumed that a traditional knowledge-management ap-
proach is not sufficient. We propose that the inclu-
sion of innovation and user orientation in servicifica-
tion is one reason for this and that the issue of man-
aging intangibles is another. The argumentation is that
experiences (e.g., know-how), which constitute a wider
knowledge base, develop when engineers interact with
the servicification task but are not supported by appro-
priate tools for engineering design. Including Cogln-
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foCom science could provide a trigger for addressing
the interaction between engineers and their tools as a
serious attempt to ease the implementation of servici-
fication in early product development.
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