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Abstract. Understanding what types of knowledge need to be managed is
essential for researchers and practitioners in order to implement knowledge
management within the engineering design process. However, obtaining a fast
overview from literature of the types of knowledge to consider is not an easy task.
In order to identify the types of knowledge in engineering design, we conducted
a literature review searching for classifications of design knowledge. We
analysed the types of knowledge from the literature and summarized them in a
taxonomy to classify design knowledge. The taxonomy can be used as a
theoretical base for researchers and practitioners dealing with knowledge
management in engineering design, in order to support the understanding of the
type of knowledge to consider for their purposes. It can be also used to classify
the knowledge of a company in order to match it with the situations during the
design process that each of the identified knowledge types can support.
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1 Introduction

Design knowledge is defined by [1] as “knowledge that can be used to produce
designs”. Different types of design knowledge are needed for product design.
Knowledge management is the discipline that aims at capturing, distributing and
effectively using knowledge in organizations [2]. The main purpose of managing
knowledge is not to become more knowledgeable, but to increase the awareness of
possible solutions to problems that already exist and how to access those [3].
Knowledge management in engineering design is beneficial because it avoids
“reinventing the wheel” and repeating past mistakes [4].

Understanding what types of knowledge need to be managed is essential for
researchers and practitioners in order to implement knowledge management within the
engineering design process. However, obtaining a fast overview from literature of the
existing knowledge types is not an easy task. Some authors such as [5] classify design
knowledge in market, human, procedural and technology knowledge. Others, classify
knowledge in engineering design as technical know-how, functional and structural
rules, technological laws and socio-technical understanding [6]. There are numerous
classifications but they are partially redundant (what is the difference between



procedural knowledge and technical know-how?). Each author provides a different
classification and it is difficult to get an overview of the types of knowledge involved
in the design process. Furthermore, the types of knowledge provided in the literature
are usually very general. What is included in technical know-how? Could technical
know-how be further specified in e.g. product know-how, design process know-how
and manufacturing process know-how? Could product know-how, design process
know-how and manufacturing process know-how be also further specified?

In order to get an overview of the types of knowledge in engineering design, we
conducted a literature review searching for classifications of design knowledge. We
analysed the classifications to identify what were the similarities and differences
between those and we came up with a taxonomy to classify design knowledge in
dimensions with their corresponding characteristics.

The paper is structured as follows: section 2 exposes the definitions of key terms for
our work; section 3 describes the procedure for our literature review; section 4 presents
the results; section 5 states the conclusions; and further work is described in section 6.

2 Definition of Main Terms

Three terms appear constantly in knowledge management literature and should
therefore be defined. Those terms are data, information and knowledge, as well as the
relations between them. [7] defines data as “unorganized and unprocessed facts”.
Information is for them “the aggregation of processed data which makes decision
making easier”. They define knowledge as “evaluated and organized information that
can be used purposefully in a problem solving process”. Numerous authors provide
similar definitions, whereas some others do not even agree that knowledge can be
codified. These authors claim that knowledge exists only in the mind of people and not
in any form of written document. For them, all that is written is information [8].

On the other hand, there are also numerous authors that do not try to strictly separate
the terms and they treat them indistinctly. [9] defines knowledge management as the
discipline that “promotes an integrated approach to identify, capture, evaluate, retrieve,
and share all of an enterprise’s information assets. These assets may include databases,
documents, policies, procedures, and previously un-captured expertise and experience
in individual workers”. [9] establishes in this definition no difference between
knowledge, information or even data. For our literature research, we also consider
knowledge and information indistinctly, as many authors did not expose the definitions
of the terms they used in their publications.

3 Procedure for the Literature Review

We reviewed over 800 publications searching for classifications of design knowledge.
Since our purpose was summarizing the variety of types of knowledge that have been
already identified, we did not look into documents containing knowledge itself (like
patents or design reports) but we looked into scientific publications that try to classify
and work with those types of knowledge. The publications were extracted from Google
Scholar, Scopus, Web of Science and the library of the Technical University of Munich



(TUM) between October 2015 and April 2016. Table 1 depicts the searches. All the
selected publications cannot be referenced in this paper due to place constraints, but we
show the number of publications to give the reader an idea of the research extension.

Table 1. Overview of the searches made for the literature review.

Search words Source Sortedby  Number of Re- Selected
results viewed

Knowledge management Google Relevance 3960000 100 8
Scholar

Types of knowledge in Google Relevance 3210000 200 7

engineering design Scholar

Types of knowledge depending Google Relevance 269 000 60 3

on the owner of the knowledge  Scholar

Product knowledge in design Scopus Relevance 6 335 20 2

engineering

What are the product knowledge Google Relevance 2540000 30 2

necessary in design phase ofa  Scholar

product

Tacit and explicit knowledge in  Google Relevance 186 000 30 1

design processes Scholar

Design engineers and technical Google Relevance 1 1 1

professionals at work Scholar

Knowledge in engineering Scopus Relevance 30372 103 4

design

Customer knowledge in product Google Relevance 983 000 30 1

engineering Scholar

Reuse knowledge in product Google Relevance 474000 50 2

engineering Scholar

Internal and external knowledge Google Relevance 1090000 10 1

in engineering design Scholar

Reuse knowledge in engineering Google Relevance 30 372 200 11

design Scholar

What knowledge isneeded to  Scopus Relevance 945 50 4

design a product

Organization information of Google Relevance 1290000 80 5

product engineering Scholar

Innovative knowledge of Google Relevance 1220000 20 1

product engineering Scholar

Knowledge in product design ~~ Web of Relevance 4360000 100 6
Science

Knowledge identification in Google Relevance 2610000 90 2

design engineering Scholar

Experience knowledge in Scopus Relevance 4752 15 2

engineering design

Search for specific titles or TUM - - - 32

books




From the reviewed publications, we selected 95 that explicitly named types of design
knowledge. We discarded the sources that did not clearly define which types of
knowledge they considered for the work.

4 Literature Review

41 Results

We have classified the selected publications according to the product they develop (i.e.
type of industry). We decided to do that because the type of industry was usually well
defined in the publication and we were interested to see if there were differences
between the types of design knowledge that different industries consider. Some of the
types of knowledge named in the reviewed publications are presented in Table 2.

Table 2. Examples of the types of knowledge found in the literature for each type of industry.

Type of industry Type of knowledge Author
Product not specified Learning by doing [10]
Competitor knowledge [10]
Human knowledge [11], [5]
Codified knowledge [12]
Tacit knowledge [12]
Process knowledge [13]
Object knowledge [1]
Electromechanical Knowledge contacts [14]
Interactions, trade-offs and design rules [14]
Explicit knowledge [15, 16]
Design process knowledge [15]
Typical values [16]
Experiential knowledge [17]
Tacit knowledge [17]
Structure engineering Internal knowledge [18]
Social knowledge networks [18]
Engineering actors [19]
Fundamental design concepts [19]
Customer knowledge [20]
Internal sources of knowledge [21]
External sources of knowledge [21]
External knowledge [22]




Mechanical products Knowledge process [22]
Personal knowledge [23]
Process knowledge [24]
Competitor knowledge [24]
Realization knowledge [25]
Declarative knowledge [25]
Other products Explicit knowledge [26]
Implicit knowledge [26]
Tacit knowledge [26]
Fundamental design concepts [27]
Criteria and specifications [27]
Practical considerations [27]
Technology knowledge [28]

In total we obtained 48 types of knowledge from publications that did not specify
the product they referred to, 30 types of knowledge from the field of electromechanical
product development, 10 types from structure engineering, 15 types of knowledge from
mechanical product development and 10 types of knowledge from publications dealing
with other products (chemicals, plastics, etc.).

We did not identify any remarkable difference between the types of knowledge
named in each type of industry. The types of knowledge were mostly described in a
generic way that could be applicable to all groups. Types like internal/external
knowledge, tacit/explicit knowledge were found in all types of industry. Types of
knowledge more specific to engineering design like design process knowledge or
fundamental design concepts were also expressed in those terms, applicable to all types
of industries. For this reason, we did not further consider the separation depending on
the product to be developed.

4.2  Summary

Analysing the types of knowledge compiled, we realized that some ways of classifying
knowledge in literature were not mutually exclusive but they complement each other,
i.e. the same knowledge can be classified at the same time in more than one way (e.g.
knowledge can be simultaneously explicit and external). However, there are also
mutually exclusive ways of classifying knowledge (e.g. knowledge cannot be at the
same time explicit and tacit). Given these possibilities of combination, we summarized
the results of the literature review in a taxonomy (Fig. 1). A taxonomy is defined as an
“ordered arrangement of groups and categories” [29]. We considered five groups that
we named “dimensions” and that are complementary, i.e. any piece of knowledge can
always be classified in all dimensions. For each dimension, knowledge can be classified
in one category of the dimension. The categories are mutually exclusive, i.e. in each



dimension knowledge can only belong to one category. Thus, the way of reading the
taxonomy is like a morphological box, well known in product development [30].

Dimension Category
) ]

Internal External
Explicit Implicit Tacit
Concretization level General Specific
Situation of . -
. Experience Contact Human ability
knowledge acquisition
Product Process Contacts Environment

Fig. 1. Taxonomy of types of knowledge in engineering design.

To come up with the taxonomy, we first grouped all types of knowledge that were
similar, paying special attention to those types that meant the same but were named
differently. Table 3 shows how we proceeded to determine the dimension
“concretization level”. An example of how we clustered is the case of basic, principal,
general, elementary, generic and fundamental knowledge. We grouped these types of
knowledge together because we considered that the authors that named those categories
referred to the same type of knowledge. The second step was to assign names to the
clusters. In this case, we assigned the name “general knowledge”. Finally, we proposed
the dimensions that embrace the categories established. Thus, in this case, we realized
that “general knowledge” and “specific knowledge” are mutually exclusive and we
assigned them to the dimension that we named as “concretization level”. We proceeded
in this way to determine all dimensions and categories. The complete results cannot be
exposed due to place constraints. Table 3 serves as an example to show the procedure.

Table 3. Categories of the dimension “concretization level”.
Category Type of knowledge named in literature Author
General knowledge

Basic knowledge [14]
General design knowledge [1], [31]
General process knowledge [32]
Principle knowledge [33]
Elementary knowledge [34]
Fundamental design concepts [27]
Generic knowledge [22]
Specialist knowledge [14]
Specific knowledge »

Specific knowledge [1], [22], [34]
Domain-specific basic knowledge [32]

Product specific parameters [14]




The dimension “origin” defines where the knowledge comes from in the company.
It can be categorized as internal to the company, like project reports or new ideas from
R&D departments; or external to the company, like knowledge obtained from research
articles or customers.

The dimension “nature” defines the essence of the knowledge. Explicit knowledge
is documented whereas tacit knowledge is not articulable and it exists only in people’s
mind. Implicit knowledge is knowledge that has not been articulated and thus it is still
in people’s mind but it could be possible to articulate it.

The dimension “concretization level” defines how specific is the knowledge.
General knowledge is independent of the domain, i.e. it does not belong to a specific
business. Specific knowledge is particular to an industry or a product.

The dimension “situation of knowledge acquisition” describes in which activity was
the knowledge gained. Knowledge can be the result of experience, it can be transferred
from a contact (either person or document) or it can be inherit to the abilities of a person.

The dimension “subject” defines to which entity the knowledge is referring to. In the
case of engineering design, four subjects were identified: knowledge can be about the
product to be designed, about the process (either the design process and its activities or
the manufacturing process of the product), about contacts, i.e. stakeholders related in
some way to the product, and about the operational environment of the product. Further
specifications of the categories of the dimension subject are presented in Table 4. The
procedure to determine the subcategories was the same as the procedure followed to
establish the other dimensions and categories.

Table 4. Categories and subcategories of the dimension “subject”.
Category Subcategory Sub-subcategory

Product Constraints and specifications
Conceptual
Structural
Functional
Behavioral
Technical
Calculations
Process Manufacturing process Installation requirements
Realization
Practical considerations
Technology
Design process Realization
Practical considerations
Contacts Supplier
Customer
Competitor
Other stakeholders
Environment Legislation
Country/market
Environmental entity
Product lifecycle




5 Conclusions

This paper presents a review of the types of knowledge considered in engineering
design literature. The following conclusions can be extracted:

e The terms information and knowledge are often used indistinctly in literature.

e  The types of knowledge named in the literature are abstract and generalizable.

e Some types of knowledge are complementary, i.e. a piece of knowledge can be
categorized within both types at the same time.

e Many types of knowledge are named differently in the literature but they can be
considered synonyms.

e The dimension “subject” is more named and specified in literature than the other
dimensions.

The results are summarized in a taxonomy that represents an overview of the types
of knowledge found in the literature. The types of knowledge in the taxonomy are not
redundant and they are specified as much as possible for the field of engineering design.
We could not point out differences in the types of knowledge for the different industries
because the specific knowledge for each industry was not named in the literature.

The dimension “subject” is the only one that could be subdivided, because for this
dimension the number of sub-classifications in literature was remarkably higher than
for the other dimensions. This seems to indicate that this dimension is more relevant to
be considered for engineering design than the others.

The taxonomy enables the classification of knowledge from different perspectives.
For example, an employee of company A classifies as “internal knowledge” the
knowledge available in company A, whereas an employee of company B classifies the
same knowledge as “external knowledge”. The type of knowledge depends on the point
of view of the classifier.

The paper at hand contributes to the research community providing a summary of a
large amount of hardly comparable literature findings aligned in one unique
publication. The taxonomy provides a theoretical base for researchers and practitioners
dealing with knowledge management in engineering design, in order to select the right
way of classifying knowledge for their purposes. Another use of the taxonomy is to
classify the knowledge of a company in order to match it with the situations during the
design process that each knowledge type can support. Design situations, characterized
by their i.e. design phase, available time or personality of the designers could be
matched with the most appropriate knowledge type to support them.

One limitation of the taxonomy is the subjectivity in the analysis of the literature
findings. We had to interpret the meaning of the knowledge types in order to cluster the
types of knowledge to create the taxonomy. Besides, the completeness of the taxonomy
is limited to the reviewed literature and therefore, types of knowledge may be missing.
For example, for the dimension “process” only “design” and “manufacturing” were
explicitly named, but there are other processes involved in the life of a product. If the
other processes can be included in a sub-category of “design process” or if they should
be added as new categories of the dimension “process” must be clarified.



6 Further Work

The taxonomy should be validated with industry experts with two main objectives: 1)
check understanding by practitioners; 2) identify new dimensions or categories that
may not have been addressed in the reviewed publications.

It will be also investigated which ways of classifying knowledge are appropriate for
which purposes of knowledge management. For example, classifying knowledge
according to its origin can serve as the basis to define a strategy for open innovation,
while classifying knowledge according to its situation of knowledge acquisition can
serve to establish training or mentoring programs for knowledge development.

Ways of automatically matching the knowledge types with the design situations will
be explored considering machine learning tools like Bayesian networks or artificial
neural networks. The classification of knowledge in a taxonomy may be too restrictive
to depict the numerous relations between the types of knowledge. In this case, it will be
considered pushing the taxonomy towards an ontology.
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