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Abstract.  

The learning process that comes from learning by doing activities, promotes 
new knowledge transferring vehicles that improves design team 
performance. However, there is still limited understanding of "how” 
Knowledge is acquired and how it varies using collaborative and 
conversational technologies to improve product development performance. 
The main contribution of this research is to establish a set of indicators that 
can be used as guides to help identify effective Knowledge practices that 
can be useful for design teams whose performance rely upon effective new 
product development activities. These indicators are obtained evaluating and 
comparing documents stored in a Product Data Management System (PDM) 
for differing levels of semantic significance, applying Latent Semantic 
Analysis (LSA). This provides a linkage between knowledge acquisition and 
the development of capabilities for knowledge mobilization, and a better 
understanding of "how" design teams improve their performance. The 
present research is contextualized in an academic environment within 
project design courses at ITESM University. 
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1 Knowledge the New Competitive Advantage 
 
Today and always, organizations had made the impossible to diminish costs, to create 

new products to gain new markets and to solve all the dynamic situations they face 

themselves in the day a day. As manufacturers realize that they must compete globally, 

they recognize that success will be determined by how well manufacturers assess the 

most critical underlying processes and resources.  
 

Nowadays when the new economy of businesses based on knowledge presents a 

critical situation generated by the globalization process and the new profiles of clients 

present more complex requirements. It is raised a question on: Which is the resource 

that will differentiate the future winners in the new product development game? 

                                                           

Some specialists like Nonaka [1] (among others) assure that the differentiating factor 

key is knowledge. Nevertheless, many organizations at present times do not use all 

their potential based on the knowledge to face the changes established by dynamics of 

markets and clients. It seems to be a lack of understanding on the mechanisms of 

generation and operation and use of knowledge to generate new strategic assets and 

advantages. The capability to mobilize and create knowledge for innovation has been 

viewed as critical for competitive advantage Guerra [2]. It has been referred to as 

"integrative capability" [3] "core competence" [4] "combinative capability" [5], "dynamic 

capability” [6] and ¨strategic asset¨ [10]. 

 

In understanding the nature of Knowledge Creation Process (KCP) is mandatory to 

explore its own definition. According to Nonaka, knowledge is created through a 

continuous dialog between tacit and explicit knowledge. This concept implies that the 

flow of information between tacit and explicit knowledge fosters the Knowledge Mode 

Conversion (KMC) [1].  

 

Explicit knowledge is defined as knowledge that can be transmitted in formal, 

systematic language, whereas tacit knowledge refers to knowledge that has an 

individual character and is therefore difficult to formalize and communicate [4].  
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Nonaka presented four modes of Knowledge Conversion between tacit and explicit:  

Socialization (tacit to tacit),  

Internalization (explicit to tacit),  

Externalization (tacit to explicit), and 

Combination (explicit to explicit). 

 

Figure 1 shows the graphical representation of Nonaka’s Spiral for Knowledge Creation 

known as the ¨SECI¨ cycle.   

Socialization (S) represents the interaction between individuals. Combination (C) 

involves combining explicit knowledge through meeting and conversation or using 

information systems. Internalization (I) converts explicit knowledge into tacit knowledge 

and externalization (E) converts tacit knowledge into explicit knowledge. 

 

The KCP takes place when all four modes of knowledge conversion form a continual 

cycle triggered by such actions as team interactions, dialogue, metaphors, 

coordination, documentation, experimentation, and learning by doing, etc. KCP is a 

spiral process from the individual level to the group level, and then to the organizational 

level, sometimes to the inter-organizational level. [1] 

  

Design and manufacturing teams can be considered as socio-technical units where 

individuals share knowledge through dialog with questions and answers. Therefore the 

KMC model of knowledge creation can be used to analyze this process. 

 

KMC is different from other models, where knowledge is for instance created through 

abstraction or aggregation of information [7].  
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Figure 1 A graphic depiction of Nonaka’s & Takeuchi’s theory on knowledge creation, adapted from [1] 

 

 

Nonaka argues that “tacit” knowledge could be difficult to model, that implies that it also 

is difficult to measure, or transfer due to its own unstructured essence. In the other 

hand ‘explicit” knowledge differs from the “tacit” knowledge, because in its nature it 

contains structural characteristics that allow people to organize, model and transfer it 

[8]. This is one of the reasons of why there is limited understanding of the model of the 

entire knowledge creation process and its possible measures and promotion. 
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As we can observe from the model presented by Nonaka, although there is a proper 

conceptualization of the relations and flows of information and types of knowledge, but 

the model does not express the way those knowledge types can be triggered and 

measured in a controlled environment.  

 
In Figure 2 Guerra[2]  present a concept of integration of knowledge in a double loop 

structure very related to the Anderson concept that defines “declarative” and 

“procedural”  knowledge [9]. The declarative knowledge implicates “Know-what”. And 

the procedural knowledge implicates “Know-How” . 

  “Know-what” is characterized by its information or declarative aspect. “Know-how” is 

characterized by its procedural aspect and “Know-why” is characterized by the 

reasoning capability just as expressed by Nissen [8]. According to this, declarative or 

procedural knowledge can be either tacit or explicit knowledge depending upon the 

ontological and epistemological perspective or its combination as in the SECI cycle of 

the Nonaka’s model.   

 

 “Know-what” can be applied to “Know-how” which can be refined by experiences [8]. 

The experiences enable to reason whether there is any other better way to do [8]. The 

reasoning capability in turn identifies any requirement to modify existing “Know-what” 

or “Know-how” [8].  

 
Figure 2 Conceptualizing Knowledge Double Loop Adapted from Guerra [2] 
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But as the same case of the model from Nonaka it does not show the way those 

knowledge types can be measured and/or controlled. 

 

The lack of research and data especially in this area has limited organizational 

understanding of this specific phenomenon. Previous research has focused on few and 

limited aspects of the KCP, such as knowledge transfer, knowledge flows within the 

organizations and design teams and the interrelation of the flow of tacit and explicit 

knowledge. Due to this condition, our understanding of knowledge creation is limited to 

certain specific aspects, rather than understanding the process in its entirety. Despite 

the extensive debate [1], established by Nonaka and Takeuchi, about the value of this 

capability to mobilize and create knowledge for product design, there is still limited 

understanding of "how" companies accomplish to keep measures and maintenance of 

the knowledge creation processes.    

 

Models describing the Knowledge Creation Process don’t provide well structured 

acquisition and classification of information and knowledge produced .Specially related 

with the elements that embodied the SECI cycle. 

 

As any other variable that engineers want to control, knowledge has to be measured 

first. If designers want to improve their knowledge creation performance in the 

¨innovation game¨, it is needed to clarify how the concept of ¨Knowledge Creation 

Process¨ interacts with concepts like ¨Product Design¨ and ¨Innovation¨ among others.  

 

From the data expose in this document, it is inferred that although it is known that 

innovation is required as a strategy, when designing new products, it is still not clear 

how it is achieved, and there is no clear explanations on how knowledge creation leads 

to innovation on design. 
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A fundamental factor to understand how knowledge is linked to innovation and design 

is the analysis of the process of knowledge creation. 

 

The majority of existing models that intent to promote knowledge creation has one or 

more of the following shortcomings: (a) the lack of mechanisms to foster Knowledge 

Creation; (b) the inability to quantify Knowledge sharing within Mode Conversion 

Activities; (c) the lack of a classification method to capture new and valuable 

knowledge within each Knowledge Mode Conversion [12]. 

 

 This research present and test a comprehensive model to foster Knowledge Creation 

that facilitates the study of its impact on the product realization process. The model is 

intended for decision makers to learn the behavior mechanism of the capability to share 

the individual knowledge, and transform that knowledge into new knowledge that 

results in new products or in shortening product development cycles. But since this 

capability cannot be measured directly, it is proposed trough the present research, to 

obtain a close related measure. For this matter a semantic analysis [13] will be used to 

obtain semantic coherence measurements derived from documentation of the 

Knowledge Creation activities, based on the design team within an organization or firm 

that is considered in this research as the unit for studying the knowledge mobilization. 

 

1.1 Context  
 
As manufacturing organizations change into the knowledge based markets, designers 

and knowledge workers in this firms are more and more worried about the acquisition, 

organization and exploitation of advanced information and knowledge from both 

internal and external sources, like design documents, blue prints, procedural 

databases, client requirements and feedbacks and research documents archived in 

databases and digital libraries. For instance, design and manufacturing engineers are 

often interested with the design rational, technical guidelines and solutions of some 

early developed products or procedures, which have been written down in documents 

by previous engineers. Such precious data can help the company to shorten its time-to-

market and save cost in the development of present and new products. 
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With the development of modern information systems, the new form of organization 

work based on information and knowledge transfer and the need for faster innovation, 

the main concern is now on the creation, and proper utilization of knowledge in such a 

way that produces new competitive advantages[1].  Despite its clear importance, 

knowledge creation and use as a tool for competition has remained a black box for 

both researchers and knowledge workers and represent an area that has received few 

or no attention especially in empirical research. Although authors like Prahalad & 

Hamel have written about knowledge, as a strategic issue for organizations [4], there is 

not yet accomplish a complete theory of knowledge creation. Previous research done 

by Nonaka and Takeuchi [1] exposed the lack of studies on how knowledge is created 

and how it is measured within business organizations and in this specific case within 

design and manufacturing teams. 

 

According with Helfat [14], there is some agreement about critical features of 

organizational capabilities that support this process. One of these agreements is that 

these capabilities require knowledge mobilization and combination in order to produce 

innovation. Researchers like Prahalad, Hamel, Kogut and Teece who studied 

knowledge mobilization and agree that knowledge creation is derived from its 

mobilization, suggest that communication and cooperation are critical determinants, 

which are facilitated by incentives [4, 5] or social capital [6]. In the other hand, there are 

researchers like Nonaka and Takeuchi who assume that mobilization occurs. And they 

suggest that the creation process required the overlapping of knowledge among 

members in the organization [1].  

 

 The Knowledge Creation Process is founded in the concept that explains that “tacit” or 

unstructured knowledge should be transformed into the “explicit” or organized 

knowledge [9].  Taking this in account a mayor challenge is not only the way of 

recognizing and categorizing information and knowledge it self to promote the 

knowledge mobilization, but also the storage for this Organizational Memory [15] is 

crucial.  

 

Although most Knowledge research has focused on identifying, storing, and 

transferring knowledge, there has been little research on quantification of the 

Knowledge Creation Process (KCP). 
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1.2 Aims and Objectives  
 
The main objective is to provide measures of Knowledge Shared Understanding trough 

a design process conducted by a team for each ¨Mode¨ of the SECI cycle. 

 
This research aim to explore and investigate the Knowledge Creation Process by  (a)  

using conceptual similarity measures between successive documents produced by the 

design team, that enable improved knowledge mobilization; and (b) a novel knowledge-

document classification method to support the Knowledge Creation Process. 

 

In achieving this aims, it will be presented that: 

 

(1) It is possible to foster Knowledge Mode Conversion (KMC) by monitoring the 

semantic contents of the design documentation process. 

(2) Statistical approaches can be used for the monitoring of these semantic 

contents within each ¨Mode¨ of the SECI cycle. 

(3) Statistical data can function as a way of measuring conceptual similarities 

and shared understanding within each ¨Mode¨ of the SECI cycle. 

(4) It is possible to improve the KMC elaborating design guides reusing previous 

and present knowledge acquired in a design process. 
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1.3 Scope  
 
Knowledge has many different approaches and intentions, and this research   cannot 

consider all the spectrum of knowledge. This research has a strong emphasis in 

knowledge sharing.     

 

This study presents a comprehensive theoretical and empirical study of organizational 

knowledge creation quantification and its impact on design team performance in a 

controlled design and manufacturing environment.  The strategy presented is based on 

Nonaka [1] and Nissen [8] and tries to present the Knowledge Mobilization Capability 

as an integral part of design team performance.  

 

The present research is conducted in the context of the Aerospace Industry, with focus 

in the reverse engineering process of redesign and construction of an RV10 airplane.  

For this matter a group of designers were grouped as teams, and teams performances 

were tracked using their daily reports on their work. The reports we specially designed 

to account on text documents that capture colloquial based communication of teams for 

each one of the ¨Modes¨ of the SECI cycle. 

 

The research intended to present a way for accelerating and triggering the transition of 

Knowledge trough de Knowledge Spiral presented by Nonaka [1]  by  embedding 

knowledge obtained in the process of knowledge creation and formalizing that 

knowledge  through procedures that can help present and specially future designers to 

improve their construction and design performance as teams. 

 

 All these based on the principle that Knowledge can be transferred from repositories to 

people, from team(s) to individual(s), and between individuals [8]. 

 

In the case of this study the preferred and selected procedure (vehicle) to transfer 

created knowledge to other designers for the assembled sheet metal parts of the RV10 

plane, were what is known as design guidelines.  
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That is documents containing procedures for the rapid redesigning and assembly of 

sheet metal parts. In this study the Computer Aided Design (CAD) process was 

supported by Dassault Systemes Platform called CATIA. 

 

Although the level of analysis of an organizational capability is the organization itself, 

the unit of analysis in this study is the project design team, because it acts as the 

mechanism for knowledge mobilization and creation [4, 5, 6]. An organization cannot 

create knowledge by itself. That is that the source of the organizational level 

capabilities, reside on small groups of individuals.  Tacit knowledge of individuals is the 

basis of organizational knowledge creation. The organization has to mobilize tacit 

knowledge produced by individuals and individuals must come together to share and 

transform that knowledge into new products [4, 5] or new processes [6] which generate 

value at the organizational level.  

 

 

Another reason to use the team-individual level as the core of the present study is that 

knowledge creation that covers cross functional areas in an organization has higher 

impact on organizational performance than individual or team level knowledge that 

covers only individual task or functional process, but a combination of both aspects will 

enrich its conceptualization, this is an excellent opportunity to relate both levels in a 

knowledge creation research.   

 
 

1.4 Research Questions 
 

Although most Knowledge research has focused on the managing and transferring, 

and storing of knowledge, research on calculating the Knowledge Creation Process 

(KCP) has received few attention. Some organizations know what to do, but for various 

reasons ignore the available information and perform differently creating the knowing-

doing gap. This gap comes from the lack of recognition of the value of a proper 

knowledge sharing environment and this lack is also close connected to the factors that 

inhibit the Knowledge Creation Process (KCP).   
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This scenario leads to the following research questions: 

 
  

 How do Design Teams develop the capability to mobilize and create knowledge for 

innovation? 

 

Is it possible to eliminate the factors that inhibit the Knowledge Creation Process by 

improving the Knowledge Conversion between tacit and explicit modes? 

 

Does shared understanding extracted from design documents, constitute the 

knowledge creation foundation? 

 

Is implicit knowledge traceable in written documents? 

 

Can semantic be used to measure Knowledge creation? 

 

Can shared understanding be measure and improved? 

 

Is procedural knowledge a way to promote knowledge transfer? 

 

Is it possible to generate a strategy to improve design team performance based on the 

quantification of knowledge creation? 

 

Can knowledge be measured? 

 

 The dissertation will use a case study to establish a theory about how design teams 

develop the capability of knowledge mobilization within the SECI cycle. This will enable 

us to answer the related questions. 

 

 

 

 

 



 14 

1.5 Thesis Structure 
 

To this end, the thesis is divided into five chapters. The first chapter is set to establish a 

general context and the research intent. The second chapter analyses the literature 

relevant to the present work. Chapter 3and 4 are used to deploy the Knowledge Mode 

Conversion Model and its use for design knowledge reuse.  The last chapter gives the 

lessons learned and the perspectives. It consists on discussing the evaluation and 

return on experience of the KMC and proposing some long term perspectives.   
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CHAPTER 2 
 

2 Literature Review 

2.1 Information and knowledge Needs 
 
 Nowadays organizations are overloaded due to the exponential increasing of 

information and web-systems, and at the same time with a great lack and need of 

knowledge. Information is so huge, that is difficult to discern on what is useful and what 

is not. Too much information difficult the decision making as much as insufficient 

knowledge does. Another issue is that information resides in different places. The 

diverse, dispersed and fragmented sources increase the problem to interpret 

information into useful knowledge [42, 43].  
  
Individuals are the building blocks of organizations and if these individuals collect their 

own work experiences in a memory, the organization will develop a memory too. It is 

important to consider an organizational memory as both an object and a process like 

those related to team performance in design, development and construction of 

products. [44]. 
  

In fact, corporate memory has three aspects that are used to define it:  

 Content: Is the whole know-how of the company it is considered to be the total 

sum of knowledge resources inside an organization. Such resources are 

typically multiple and diverse [45,46]. Content preserves knowledge with their 

context and meanings in order to reuse them later. 

 Form: is based on document management systems. 

 Working: is based on the integration of dispersed and unstructured knowledge 

increasing the learning capacity of knowledge workers enhancing knowledge 

access, mobilization and reuse [46].   
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 Memory within an organization is an explicit representation of knowledge that 

facilitates the access, sharing and reuse of this knowledge trough all the organization. 

 

Knowledge is information with value or meaning added by the knowledge worker 

depending on the context [47]. A sequential relation between data, information and 

knowledge exists. From figure 7 it can infer that the data once associated to an object 

and structured become information. The information associated to a context and an 

experience becomes knowledge. The knowledge associated to a person and a series 

of personal abilities becomes wisdom. In this order of ideas, it is made opportune 

mention that the tacit knowledge is acquired through the knowledge of other individuals 

in direct form and it becomes explicit knowledge, calling to this process socialization. 

Also, the tacit knowledge transform into explicit knowledge when this one is articulated 

through social dialog, denominating this process externalization. When being 

combined, different forms from explicit knowledge (through documents, data bases, 

etc.), the combination process is made. Once the individuals internalize the knowledge 

obtain by their own experience (tacit), the process of internalization of the knowledge 

arises.   

 

Erastos Filos define wisdom as timeless knowledge and consider it as understanding of 

a subject which has been obtained by experience or study [48]. At the same time 

information is consider as knowledge in evolution. Information is a flow, and knowledge 

is a stock created by accumulating information. 

Information is of passive nature while knowledge is more proactive as it is context 

dependent. 
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Figure 3. Knowledge-Information Gap. Adapted from [2] 

  

We can also observe from figure 3, that in the process where information gain meaning 

or significance, there exist factors representing a ¨dielectric¨ barrier that inhibit the 

transformation of Information into Knowledge. 

 

 

Information perhaps is sometimes wisdom and knowledge appearance, but it is not. 

Even so, it seems that rigorous and vast information is the base necessary to advance 

in the knowledge. Knowledge surpasses the mere information of the things, fitted to the 

comprehensive reflection of data, and allows the interrelation with contexts of meaning.    

 

Since information is tightly linked to knowledge, information systems should be tightly 

linked to knowledge management. Accessing the right information at the right moment 

may enable people to get the knowledge to take the good decision at the right time. 

 

Most of the actual research is focused on textual documents since those are the 

preferred form for knowledge communication.   
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An information resource such as a document is considered structured, if it consists of 

useful components, organized according to some well-defined syntax and with a fixed 

meaning for every component of a given record type (e.g. database schema).   

 

 In an organizational memory creation, documents may share a common structure not 

completely marked out or explicit, but at least some information should be located at a 

fairly standard domain that allow its retrieval generate flow from data-information to 

knowledge-wisdom [50]. 

   

2.2 Knowledge Creation Approaches 
 

Several efforts had been conducted in the area of knowledge creation, but this studies 

has previously focused on other issues, such as knowledge creation during idea 

generation [64], technical problem solving [65], or the effect of networks and 

networking on knowledge creation in NPD [66,67]. Besides, prior research has 

investigated the transfer and recombination of existing knowledge as one option for 

organizational-level knowledge creation and innovation [68].   And  some other studies 

have defined the concepts of data as being raw numbers and facts, information as 

being processed data interpreted into a meaningful context, and knowledge as being 

authenticated information made actionable [62,63]. 

 

Chen [59] is one of the few researchers in this area that present an effort to formally 

quantify the KCP. Chen presents in their study ¨Assessing Value in Organizational 

Knowledge Creation: Considerations for Knowledge Workers¨, an excellent frame work 

for analyzing the existing research on Knowledge Creation. Chen uses the table [1] to 

establish the need for a study that quantifies the decision criteria required by managers 

regarding KCP investment decisions using ¨Organizational and Economic Theory¨. 

 

 

 

 

 

 



20 
 

 

 

 

 

 

Table [1] Constructs of Value in KCP [59]. 
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Another great effort to incorporate quantitative measure in the KCP and in SECI cycle 

is the one presented by Schulze [60]. The authors develop and test hypotheses relating 

the four knowledge creation modes of socialization, externalization, combination, and 

internalization as performed during the concept and the development phases of new 

product development projects to new product success, using data from 94 new product 

development projects related to a total of 33 companies that span multiple industries 

from, Germany, Austria, and Switzerland that participated in this research. 

 

 As can be observed from table [2] This research present a statically approach but in its 

study, it is still remain strong dependent on the qualitative information provided by the 

participants in this questionnaires. 

 

Table [2] Statistical Measurements on KMC [60]. 
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Another remarkable research by Sarah [61] considered the KCP a dynamic feedback 

system. In this conceptualization that can be seen in figure 4, appropriate learning and 

innovation systems support a free-flow of experiences and insights in a series of 

productive conversations and dialogues that promote the leverage of knowledge flow, 

as an ongoing system dynamic structure. 

 

 

 
 

Figure 4: A system dynamics model for Knowledge creation by aggregation [61]. 
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2.3 The SECI Knowledge Creation Model 
 
Nonaka and Takeuchi [1] detail the social and individual processes. It is a process of 

interaction between tacit and explicit knowledge that has dynamic and continuous  

 

 

 
 

Figure 5. Learning spiral Adapted from[38,16] 
 

nature. It is constituted in a permanent spiral of internal ontological transformation of 

knowledge, developed in the following 4 phases that we can see of graphical form in 

figure 5 and that are also known as the 4 Knowledge Modes. 
 

 The Socialization is the process to acquire tacit knowledge through sharing 

experiences by means of oral exhibitions, documents, manual and traditions and 

that the novel knowledge adds to the collective base that has the organization. 

 

  The Externalization is the process to turn tacit knowledge in explicit concepts by 

means of the use of metaphors. Tangible knowledge by itself is difficult to 
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communicate, that’s why this process must be integrated to the culture of the 

organization because it is an essential activity in the creation of the knowledge. 

 

  The Combination is the process to create explicit knowledge by means of 

sharing individual experiences within a group. The interchange of telephone 

conversations, meetings, post office, etc., are examples of this process  and this 

process should be able to be categorized, to be confronted and to be classified 

in forms and data bases to produce explicit knowledge. 

 

  The Internalization is a process of incorporating explicit knowledge in tacit 

knowledge. This process analyzes the experiences acquired in the day by day 

practice, and is able to conform and use new knowledge that is originated in the 

tacit knowledge bases of the members of the organization in the form of shared 

mental models or practical experiences of work. 

 

One can also observe from figure 5 that tacit knowledge has an individual character 

and explicit knowledge deal with the interrelation between de individual and the groups 

and between groups of individuals that integrate the organization [38]. 

 

Organizational knowledge creation takes place when  Knowledge Mode Conversion 

(KMC)  occurred in a continual cycle,  triggered by actions such as team interactions, 

dialogue, metaphors, coordination, documentation, experimentation, and learning by 

doing, etc. Organizational knowledge creation can be viewed as an upward spiral 

process from the individual level to the collective group level, and then to the 

organizational level, sometimes to the inter-organizational level [1]. 

Conversational knowledge creation emerged as a popular way for New Product 

Development (NPD) to create knowledge in the context of KMC. Within a collaborative 

environment, individuals share knowledge through dialog with questions and answers.   

In a design environment, the KMC process enables the creation of physical parts, 

which could be adapted to a new context in similar or future design process. The 

Know-how, best practices, practical experiences and design procedures comprise 

different types of knowledge used to describe the actual steps followed to model a part 

in a CAD platform or how it should be performed [39].  
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Many useful design experiences can be improved further on by means of a proper 

KMC strategy. Those experiences can be captured into design guides so they can be 

accessed by other team members therefore knowledge already created by the 

organization is not lost. The elaboration of these design guides allow the design team 

members to share, maintain and combine their individual and collective knowledge and 

transform that knowledge into new knowledge [40, 41].  These processes become   

  

 Nonaka and Takeuchi [1] present their studies in Japanese companies presenting 

evidence on the process of creation of knowledge. It still is not clear how an existing 

knowledge can be applied or be triggered to be able to create another new or recycled 

knowledge; especially there is no evidence on previous research on measuring this 

kind of activity.  

 

In order to better understand the Knowledge Creation Process, it is necessary to clarify 

the tow basic dimensions of knowledge [1]: 

 

 The Ontological dimension: This dimension considers that knowledge is created 

only by the individuals. An organization cannot create knowledge without 

individuals. The organization supports the individual creativity or provides the 

context so that the individuals generate knowledge. Therefore, the generation of 

organizational knowledge must be understood like the process that amplifies the 

knowledge generated by the individuals and it crystallizes it like part of the 

network of knowledge of the organization.  The ontological dimension of 

knowledge considers that generation of knowledge is the organizational 

endorsement around the potential sources of knowledge: individuals, groups, 

equipment, projects, areas, departments, among others.  

The ontological dimension recognizes four levels of creative agents of 

knowledge: The individual, the group, the organization and the  

Inter-organizational level. According to Nonaka [1] the new knowledge always 

begins in the individual but that individual knowledge is transformed into 

valuable organizational knowledge for all the company.  
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  The Epistemological dimension differentiates two types of knowledge: the 

explicit knowledge and the tacit knowledge. The explicit knowledge is the 

knowledge that is expressed of formal and systematic way, which can easily be 

communicated and to codify itself. The tacit knowledge is difficult to express 

formally and therefore it is difficult to communicate it to the others.  The 

Epistemological dimension is based on the process of communication of the 

knowledge around ways of conversion between the tacit knowledge and the 

explicit one, where tacit knowledge is not of easy expression and definition, 

reason why is not codified. Within this category are the experiences of work, 

emotional, existential, know-how, the abilities, the beliefs, among others. And 

explicit knowledge is codified and that is transmittable through some system of 

formal language. Within this category are the documents, reports, memos, 

messages, presentations, designs, specifications, simulations, among others. 

  

2.3 .1 Some shortcomings on the SECI Model 
  
The theory of Knowledge Creation of Nonaka and Takeuchi [1] is based on Polanyi's 

[16] difference between tacit and explicit knowledge. The knowledge creation model 

was first conceived in studies of information creation in innovating companies [18, 19, 

20, 21, 22, 23] According to Gourlay [24, 25], initially a two dimensional theory of 

knowledge creation was proposed [1, 26, 27]. 

 The first, or “epistemological”, dimension is the site of “social interaction” between tacit 

and explicit knowledge whereby knowledge is converted from one type to another, and 

new knowledge created [26, 27]. 

The second “ontological” dimension represents the route from individual to inter-

organizational knowledge via group and organizational levels [1].  

In the following Nonaka’s work, the two dimensions became three elements [28, 29, 

30]. The SECI processes remain a key element but “ba”, or shared context of 

knowledge creation, and “knowledge assets” have replaced the “ontological” dimension 

[30]. This last “ba”, element is considered as mystical by Gourlay [24,25]. 
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Gourlay [24] established three major shortcomings in the Nonaka’s SECI model: 

 

1.-Nonaka [23] has not produced an argument to show the equivalence of knowledge 

and semantic information. His earlier studies were of semantic (as distinct from 

syntactic) information creation  

 

2.-The claim that the model was validated by a survey cannot be sustained.  

The survey only found support for two of the four modes (socialization, and 

combination) the model; require validation of processes, not simply 'content'. 

 

3.-Third, the detailed case materials reveal that the notions of combination and 

internalization have not been clearly described. There is no convincing evidence for 

either of these modes, nor for socialization.   

 

McAdam [31] also suggest that there may also be important theoretical shortcomings 

concerning Nonaka’s conceptualization of tacit knowledge and its distinction between 

tacit and explicit knowledge.  

 

The theory of Knowledge Creation of Nonaka and Takeuchi [1] make available an 

understanding of knowledge creation and management from a Japanese business 

culture perspective. The SECI model appreciates the dynamic nature of knowledge and 

knowledge creation and offer a framework for organization of the relevant information 

and documentation processes. There are two main elements of experimental 

foundation for the SECI model. The first one is a survey applied to Japanese managers 

that Nonaka said validated the model. And second, the case study data, particularly 

that  presented in ¨The knowledge-creating company ¨ [1].  
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The examination of previous research work related to knowledge creation concepts 

reveals more than a few notable comments. First, there are no common or generic 

knowledge creation processes and knowledge creation detonators or assets. Second, 

there is a lack of attention to tacit knowledge. The majority of all these research do not 

include informal knowledge such as know-how and dynamic knowledge creation 

process. Third, nearly everyone previous frameworks are not tangible and do not give a 

guideline of building effective knowledge creation promotion. Finally, there is no 

generic knowledge creation framework. 

 

   

  

2.4 Semantic Measures of Coherence & Shared Understanding 
 

Many authors have worked and researched the process team mates use to keep up 

coherence and to model the representation of the textual written information as well as 

of their preceding knowledge [69]. 

 

There are several elements in a team communication- conversation that contribute to 

coherence, including, co-reference, causal interaction, connectives, and natural 

signals.  For example, Kintsch [70, 71, 72, 75] give emphasis to the consequence of 

co-reference in coherence through propositional modeling of texts. Even though a 

propositional model of a text can predict readers’ understanding, a difficulty with this 

approach is that in-depth propositional analysis is time overwhelming and requires a 

substantial sum of instruction. 

At the same time as co-reference capture one aspect of coherence, it is greatly 

correlated with other coherence characteristics such as causal interaction found in the 

written text [73]. 

 

Semi-automatic methods of propositional coding like the proposed by Turner [74], still 

require a large amount of effort.  In the other hand automated methods such as 

readability measures proposed by Flesch [76], offer another categorization of the 

written text, however, they do not associate well with comprehension procedures as 

described by  Britton [77]. 
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Consequently, at the same time as the coherence of a text can be measured, it can 

habitually involve substantial effort. 

 

2.4 .1 Latent Semantic Analysis   
 

Latent Semantic Analysis (LSA) is a statistical technique for extracting and inferring 

relations of expected contextual usage of words in a given document [13]. LSA is a 

computational method that takes advantage of a phenomenon that usually is fulfilled in 

the natural language: the words of the same semantic field usually appear together or 

in similar contexts. The procedure analyzes linguistic elements of great dimensions. 

These elements will be representative of a general use of the language like previously 

organized databases. The outcome of this analysis is a semantic-vectorial space in 

which all the terms that the user has been exposed, are represented in a semantic 

space. These contexts will come in form of documents, limiting the use of terms in 

concurrence with others and the probability that other terms are used in these same 

documents.  

The purpose of semantics is to eliminate the noise that is present in the relations 

between terms and documents due to the great variability of use of terms to express 

same a referring one (different words are used to designate the same) [13]. LSA use a 

variant of the factorial analysis called Singular Value Decomposition (SVD) that by 

means of a recursive algorithm, it will divide the matrix that represent the terms and the 

documents in two matrices that represent vectors of terms and documents and a first 

diagonal in which the singular values are in descendent order that represent the 

relations that maintain both matrices of singular vectors. SVD will remove the original 

noise from the main matrix. Once having the matrix detached of its relations, we can 

reconstruct the initial matrix but taking in consideration only the dimensions that makes 

stronger the relation between terms and documents. This will be done taking the 

singular values and returning them to the three matrices but reducing its dimensions to 

the same ones that singular values we have considered. 

 

LSA technique use recursive calculus, to really look for the dimensions that better allow 

to a differentiation of the semantic spaces in which the terms participate, LSA choose 
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only the dimensions that better characterize the terms in the proper semantic spaces 

without restricting the number of these [13]. 
 

The first step when applying LSA is to present the text that is going to be analyzed as a 

matrix in which each row stands for a singular word and each column stands for a 

given text or other context. The intersections contain the frequency with which the word 

of its row appears in the given text denoted by its column. After that, the intersection 

values are weighted by a function that expresses both the word’s importance in the 

particular portion of text and the degree to which the word type carries information in 

the domain of the general text. Then LSA applies statistical inferences to determine the 

semantic coherence [13]. We can observe from figure 6 that LSA applies Singular 

Value Decomposition (SVD) to the matrix. In SVD, a rectangular matrix is decomposed 

into the product of three other matrices. One component matrix describes the original 

row entities as vectors of derived orthogonal factor values, another describes the 

original column entities in the same way, and the third is a diagonal matrix containing 

scaling values such that when the three components are matrix-multiplied, the original 

matrix is reconstructed. 

It has been established three methods [13] to calculate coherence trough measuring 

shared semantic similarity between design team documentation. These measures can 

be obtained performing one of the following operations on the associated high 

dimensional vectorial representation of text and terms on a semantic space: 
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According to Landauer [13] a Semantic Space section, is a mathematical 

representation of a large body of text. Every term, every text, and every novel 

combination of terms has a high dimensional vector representation. When you 

compare two terms you compare the cosine of the angle between the vectors 

representing the terms. 
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Figure 6. Algorithmic structure of the LSA technique. Based on [13] 
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III. A STRATEGY TO FOSTER KNOWLEDGE MODE CONVERSION IN DESIGN TEAMS   
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CHAPTER 3 
 

3 LSA Permit Knowledge Mode Conversion Analyzes 
 
 This chapter links the LSA method with the knowledge creation process proposed by 

Nonaka [1], using a novel approach for categorizing KMC annotation documents and 

the processes that establishes a set of semantic indicators within each Knowledge 

Mode that can be used to provide a formal framework to manage the sharing and 

creation of knowledge.  

For this matter it will be presented a set of concepts which are relevant to this study.  In 

this chapter will be deployed some approaches to knowledge classification. The 

synthesis of previous studies is presented. It will also provide LSA procedures including 

the document definition and classification method. For this matter it was necessary to 

develop an annotation-categorization method in the context of CAD modeling and 

design reuse. 

 

 

3.1 Strategy Foundations   
 
Designer learns by assimilating significance and meaning from the recollection of 

interactions and experiences.  Many design experiences demand the creation of 

cooperative experience databases so the designers could benefit from the interactions 

and experiences of others designers. In the context of our study this cooperative 

database is primarily build of plain text documents used to capture the experience of 

solving a design dilemma in a collective base. 

Like expressed by the Consortium for Service Innovation [52], for most organizations 

the adoption of a documentation process represents a transformation that requires a 

shift in the organization’s culture (see figure 7).  It requires a shift in focus from: 
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Designer learns by assimilating significance and meaning from the recollection of 

interactions and experiences.  Many design experiences demand the creation of 

cooperative experience databases so the designers could benefit from the interactions 

and experiences of others designers. In the context of our study this cooperative 

database is primarily build of plain text documents used to capture the experience of 

solving a design dilemma in a collective base. 

Like expressed by the Consortium for Service Innovation [52], for most organizations 

the adoption of a documentation process represents a transformation that requires a 

shift in the organization’s culture (see figure 7).  It requires a shift in focus from: 
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Individual    to Team 

Activity  to Results 

Completion   to  Evolution 

Escalation   to Collaboration 

Content  to Context 

Knowing  to Learning 

 

 
Figure 7: The Knowledge-Centered Support Operational Model by the Consortium for Service 

Innovation [52] 
  

As articulated by the Consortium for Service Innovation [52]: 

¨Knowledge Centered Support is a double loop process. There are those things 

individuals do to solve problems; this is the event level, in KCS we call it the Solve 

Loop.  There are four key Practices that make up the Solve Loop: 

• Capture in the workflow 

• Structure for reuse 

• Searching is creating 

• Just-in-time solution quality 
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The second loop is made up of the organization level processes that occur across a 

collection of events or a collection of content.  This is the Evolve loop and it is made up 

of the following processes: 

 

• Workflow 

• Content vitality 

• Performance assessment 

• Leadership 

 

 

This organizational change involves the perception of knowledge as a positive feature 

own and maintain by the design team, not only individuals¨.  

 

The focal point for each design member is to capture and recover the group 

knowledge, to improve organizational learning.  

 
The figure 8 focuses on the conversion of individual implicit knowledge to 

organizational external knowledge that is at the beginning capture by team member’s 

experiences.  

That is to say, it is needed to find a proper strategy for the construction of the collective 

knowledge database along the epistemological dimension expressed in the x-axis, 

given the boundary conditions of the ontological dimension that represent the path 

between the individual and the organization expressed in the y-axis and the knowledge 

creation dimension that represents knowledge at the stages in a design experience 

expressed in z-axis. 

 

In the process of the construction of this collective database, the design group must 

find ways to maintain and care for interactions, connecting people-to-content within the 

collective database and also people-to-people within the design team or organization, 

based on their requirements for each stage of design.   
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Figure 8:  Knowledge Mode Conversion method to promote design reuse in a collaborative 

engineering environment. 
 

The success in the organizational level is directly related to the quality of the 

interactions of the individual designers within the design team. If the organization 

concentrate their efforts on creating significant interactions and then find the way for 

capturing this knowledge that is created it will produce exceptional organizational 

learning.  This will drive superior levels of effectiveness and facilitate new capabilities 

at the organizational level.    

 

The practice of knowledge mobilization expressed on figure 8, becomes a key asset for 

the organization, allowing the organization to increase its operational efficiency, 

improve the designers experience and productivity and drives product improvements.     

  

The present strategy involves the semantic analysis of the documents that form the 

collective database.  By the utilization of the LSA, it can be obtained semantic 

indicators of shared understanding within the document text contents. It can be 

anticipated, the need to trigger interaction activities to foster the knowledge creation 

process through observing semantic indicators of the design teams.    
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 This strategy complements the Knowledge Creation Model proposed by Nonaka & 

Takeuchi [1], by adding a structured procedure that enables the transit from simple 

collected data to reusable knowledge by fostering Knowledge Mode Conversion. 

 

Figure 9 describes the path for data acquisition, data classification and formalization 

that allows the designers to bring significance to the collected data, and transforms the 

simple data to useful information within a given context. This information in order to be 

applied, need to be distributed in the organization and then be used by individuals, this 

process reinforces internalization of knowledge which conducts it to an evolution of 

itself, but not after making a complete KMC cycle. Is in this condition, that knowledge 

is considered to be able to be maintained. 

 

 

 
Figure 9:  Knowledge Creation Dimension as a Process 

 



 39 

 
Figure 10:  Knowledge Creation Dimension as an Object [53]. 

 
  
The classification of knowledge is critical in understanding its dynamics, from figure 9 

and 10 it can be inferred that knowledge can be view as object but as well as a 

process. Therefore, many researchers classify knowledge for their own knowledge 

framework. Table 3 shows a classification of knowledge according to Byounggu [54]. 

 

In our case both scenarios presented in figures 9 & 10 are truth and useful, the first 

establishes the knowledge creation dimension as a process that follows the path from 

knowledge acquisition trough knowledge maintenance, and the second one establishes 

the knowledge creation dimension as an integration of value from data trough wisdom 

(see figure 10 for process-object distinction). 
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Figure 11:  Knowledge as Object vs.  Knowledge as a Process [52]. 

 

 

The figure 9 shows constrain in the process, called dielectric, and it can be understood 

as the difficulties that the design team encounters at the moment of distribution of an 

already formalized learning lesson. Perhaps this dielectric can also be considered to be 

a restraint, in figure 10, and can be seen as the difficulties that the design team 

encounters at the moment of passing from plain information to knowledge. 
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Table 3. Knowledge Classification by Byounggu [54]. 

 
 

 

The comparative examination of previous research [54], related to knowledge and its 

classification shows critical observations. First, there is little or no attention to tacit 

knowledge in knowledge storing related research. Most of all these research do not 

include informal knowledge such as know-how and dynamic knowledge creation 

process. Second, most previous frameworks are not tangible and do not give a 

guideline of building an effective quantification of knowledge creation. Finally, it is 

necessary to systematize and consolidate knowledge creation processes in a way that 

not only describes each process clearly and completely, but also identifies their 

interrelationships. At the same time, it is important to recognize the knowledge transfer 

tools in a comprehensive and integrated manner that allows integration of the tools with 

the knowledge mobilization enablers. 

 

 
 
 
 
 
 
 
 
 



3.2 Knowledge Mode Conversion Strategy

At the present research, the work of design teams related with the Nonaka's KMC

model [1] needed to be supported by information technologies. This section provides

additional insight on how these technologies support the KCP.

The research here conducted proposed the following hypothesis:

1.-That the information systems used for Socialization Mode ought to assist

individuals to link up, communicate, and share information in an effective way about

different subjects, with no attempts to make it explicit.

2.-In the Externalization Mode, the information systems should be worn to capture the

knowledge into some electronic formats that are to be made available to individuals

who are looking for information on a specific topic. The externalization type of

information systems technologies are likely to those shown on table 3.

3.-The most suitable Information systems technologies for the Combination Mode

should capture, encode, and make comprehension accessible in a structured way

through an electronic document repository and data warehousing.

4.-The Internalization Mode would be supported by information systems technologies

that give individuals access to a number of electronic documents via the web-base or

similar technologies, permitting them to internalize the composed information and

create their own knowledge without having to express it in an exact way.
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Table 4. Modes of knowledge creation and supporting technologies (adapted from [1 and
37]).

Mode

Socialization

Combination

Externalization

Internalization

Interplay

Relationship

Tacit to

Tacit

Explicit to

Explicit

Tacit to

Explicit

Explicit to

Tacit

Definition

Conversion of tacit knowledge

through social interactions and

shared experience among

organizational members

Creation of new explicit knowledge

by merging, categorizing,

reclassifying and synthesizing

existing explicit knowledge

Creation of new explicit knowledge

from tacit knowledge by

supporting beliefs, paradigms and

view-points with codified evidence

Creation of new tacit knowledge

from explicit knowledge by

understanding and learning from

reports or discussion

Information

System

Computer-

mediated

communication

Data

warehousing,

data mining,

document

repositories and

software agents

Collaboration,

coordination

(e.g. GSS)

Intranets
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The first step in the study of the model of KMC involves the capture of electronic written

documents generated within the design team.

Documents of each design team are grouped and categorized using the information

system technologies identified as typically used for each KMC described in Table 4 and

Figure 11.

The table 5 on the following pages provides some basic but more extensive

information about several different types of knowledge transfer methods and

techniques referred and related to Figure 11.

These techniques were reviewed in order to provide a proper set of techniques to use

in the present study.

All techniques presented in table 5 constitute dissemination strategies for knowledge

inside the organization. In our case the organization can be considered the same

design team. The main objective of the following techniques as shown in figure 12, is

the effective dissemination of knowledge captured in documents related to products

and processes, sometimes synthesizing and rewriting the data to make it

understandable and reusable for other audiences. Some of the innovative

dissemination methods of table 5 were obtained from: Individual consultations, group

trainings, conference workshops, newsletters, magazines and newspapers, Science to

Community reports, Fact Sheets and the web.
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• Integrated IT solutions

• Advanced search

• Collaborative tools

• Design rationale capture

• Ontologies-negotiation
strategies between data sets

• KBE

• Organisational structure • communication
strategy, cultural differences, team
structures, team to team/project to project
interfaces

• Learning from experience and
organisational learning

• Team situation awareness, shared situation
awareness and distributed cognition

• Multi-agency, multi-culture, multi-site
communication and collaboration

• Information flows

• Workflow

• Management of data, information and
knowledge • feedback loops

• Reporting procedures

• Roles

• Standardisation and protocols

Figure 12. Effective Knowledge Transfer Tools as a way to Mobilize Knowledge [53].
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Table 5. Knowledge Transfer Vehicles, from [55]).

JOB AIDS
What

Why

When

How

Do's & Don'ts

Example

Anything that helps people perform in real time. Knowledge can be
stored in the Job aid and accessed through low-tech methods by
performers when the need arises.
• Little or no additional training required to perform task
• Can be easily accessible to users
• Can be used by multitude of users
• Standardized process exists
• Process may be performed periodically

Determine what knowledge needs to be shared. Develop step-by-step
instructions.
• Job aids should be kept current
• Job aids can be used as is. require little or no additional explanation

Checklist- Desk Manual- Process Map - Guide - Instructional Sign

MENTORING PROGRAMS
What

Why

When

How

Do's & Don'ts

Example

Mentors offer advice in a situation on what to do, how to do it and why it
is worth doing. A mentor is an experienced performer and rarely the
mentee's supervisor, since effective mentors should have no
performance manaqement interest in the development of another person.
• Customized training for specific situations and developmental needs
• Effective method for transferring organizational culture information
• Establishes reliable experienced contact outside supervisory chain
• Develops higher level of proficiency
• Skill set(s) to be developed is best learned through one-on-one

transfer
• New employee or employee new to work level (e.g., entry level

professional, manager etc.) has specific skill set gap and/or the
need to quickly and effectively have knowledge of organizational
culture and norms

Determine what knowledge or competency needs to be mastered.
Identify experienced mentor with coaching and knowledge transfer skills.
Allow mentor and mentee to establish mentoring contract (typically 6
months to start)
• Participation in mentor program should be voluntary, for both the

mentor and the mentee
• Specific skill set or competency to be developed should be identified

and agreed upon at the beginning
• Mentee's supervisor should not be involved in the mentoring

program, beyond receiving reports from mentor
• Mentor and mentee shouId respect confidentiality of their mentoring

sessions
Team Leader advises, works with new supervisor in process problem
solvinq. root-cause analysis and collaborative problem solving skills
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Table 5. Knowledge Transfer Vehicles, from [55]). Cont.

PROCESS DOCUMENTATION
What

Why

When

How

Do's & Don'ts

Example

Process documentation involves flowcharting how work is performed. It
may include special variations in what performers should do or how they
should do it based on special circumstances such as deviations from the
norm.
• Captures big picture; can see entire process from start to finish
• Facilitates discussion about process; can help performers identify

their skill gaps in process
• Can help performers to identify areas for improvement in the process

itself
• Can be used by multitude of users
• Standardized process exists
• Process is being developed, modified, or examined during problem

solving root cause analysis
• Performer roles in process are being developed or modified

Identify steps and roles in process. Document process in a flowchart,
map, or linear outline.
• Document the process from start to finish
• Include process roles and tasks
• Avoid partial process documentation
• Keep the process documentation flexible and up to date
• Include special circumstances / options when possible
• Make it an employee standard practice to review process

documentation
Workflow Chart- Process M a p - Linear Outline

BEST PRACTICES MEETINGS OR STUDIES
What

Why

When

How

Do's& Don'ts

Example

Best practices meetings or studies look for different processes or
systems to perform work that have had measurable success and
effectiveness and are likely transferable. Best practices are found in a
variety of ways; through meetings of similar functional groups, polling
employees or surveying for best practices.
• Identifies practices that have worked in other organizations and may

be transferable
• Can spark innovation
• Can broaden network and increase performer expertise
• New process, task or competency needs to be developed
• An existing process, task or competency needs modification
• Success depends on stayinq up-to-date: focus is on qathering info

Determine what knowledge needs to be shared. Identify sources of
information to be accessed. Establish the meeting or study parameters,
develop and implement project plan
• Clarify the best practices to be researched and evaluated
• Define scope and role of project and performers
• Avoid vague or ambiguous goals and research topics

Sample topics: Workforce Planning, Public Administration Practices,
Office Safety, Government Accounting
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Table 5. Knowledge Transfer Vehicles, from [55]). Cont.

COMMUNITIES OF PRACTICE
What

Why

When

How

Do's&Don'ts

Example

A group of individuals sharing a common working practice over a period
of time, though not part of a formally constituted work team.
• Provides a sanctioned mechanism for sharing knowledge
• Leads to improved network of contacts
• Provides peer recognition and continuous learning
• Provides a mechanism for sharing tacit knowledge
• When sharing tacit information is important to achieving better results
• When knowledge is being constantly gained and shared it is

benificial to meeting organizational goals
Determine the purpose of the group (e.g.. solving everyday work
problems, developing and disseminating best practices).
Clarify roles and responsibilities and provide resources and support.
• Membership should be voluntary
• Recruit those who are seen as experts and trusted as information

sources
• Management should not dictate action
• Focus is on gathering information rather than making decisions or

taking action
Finance officer meetings, cross departmental IT meetings, Admin
managers network, MS Excel and Access user group

RETURNED RETIREES (i.e., Retirees on Retainer)
What

Why

When

How

Do's& Don'ts

Example

Returned retirees provide organizations with experts available to train or
share specialized knowledge. The knowledge transfer plan requirement
in AO 225 formalizes the State of Alaska's retiree on retainer proqram.
• Specialized knowledge may be accessed from a readily recognized

and available source
• Knowledge is mission critical
• Retiree is immediate source of knowledge

Determine what knowledge employees need to know. Identify the retiree
who possesses the knowledge, coaching and knowledge transfer skills
and is willing and available to return to work.
• Allow time for various knowledge transfer practices to be

implemented in agency
• Organization should be able to perform critical tasks after knowledge

transfer
• Retiree on retainer should not continue to be sole source of

knowledge
Retiree provides: training program on specific program procedures;
advice and consultation during special situations; witten trouble shooting
guide for future performers
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Table 5. Knowledge Transfer Vehicles, from [55]). Cont.

JOB SHADOWING
What

Why

When

How

Do's & Don'ts

Example

A less experienced performer is paired up with a veteran performer to
transfer knowledge. The veteran is ashed to share Knowledge (and
perhaps hands-on practice) in dealing with everyday problems in addition
to the most difficult situations he or she has faced on the job.
• Provides "real life" exposure to the job
• Could be offered to several individuals; expanding the organization's

overall knowledge
• Can be helpful in succession and workforce planning efforts
• To allow opportunity for individuals) to learn about a particular

occupation
• Exposure to the job itself can enhance knowledge transfer,

particularly with effective coaching
Determine what knowledge needs to be shared. Identify veteran
performer who possesses competency in coaching and knowledge
transfer. Identify individual(s) who will shadow veteran performer.
Establish timeline and knowledge transfer goals.
• Job Shadowing should not be used as a comprehensive on-the-job

training program
• Clarify roles and expectations up front
• Avoid pairing less-experienced performers with slightly more

experienced performers
• Use debriefing sessions for coaching opportunities
• Discuss educational requirements; the career ladder for the job and

related positions
Attending strategic planning meetings with veteran performer; Observing
veteran performer for a day on the job

EXPERT SYSTEMS
What

Why

When

How

Do's & Don'ts

Example

An expert system, usually automated, is organized around problems and
how to troubleshoot them. Common or difficult problems are logged into
the system. Advice about troubleshooting and solving those problems is
provided by the system.
• Easily accessible
• Available 24/7
• Can be used by multitude of users
• Documents organization's practices
• Future problems can be anticipated with some degree of accuracy
• Solutions can be documented and explained via an expert system

Identify potential problems and their solutions. Document the problems
and solutions, using a common language, so it can be accessed by
performers on an as needed basis.
• Document newly encountered problems and solutions as they occur

to keep the system up to date
• Expert systems should not be the sole method of gaining knowledge

- in-person back-up may be necessary
Word processing software programs' Help feature
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CRITICAL INCIDENT REVIEWS
What  

Why

When

How

Do's & Don'ts

Example

A critical incident is a difficult situation. By documenting and/or
discussing the critical incident experiences for the organization's most
experienced performers, the organization can capture lessons for
knowledge transfer.
• Documents veteran performers' expertise and approach to problem

solving
• As critical incidents are captured, creates a more comprehensive set

of lessons; continuously evolving
• Allows for open discussions about what worked, what could be

improved (document if appropriate)
• Focuses on finding root cause or causes which are often process

issues that result in performance issues
• Sharing individual knowledge and skill is critical
• Situations are not encountered routinely; documentation of previous

solutions and lessons learned is vital to knowledge transfer
Determine what constitutes a critical incident. Identify who should be
involved in the review. Identify and capture the things that went well and
the things that could be improved so that team members are aware of
and can use the broader team's learning in their future projects.
• Clearly document the details of the incident and how it was resolved
• Pay special attention to identifying whether the incident requires a

process fix or a developmental fix
• Avoid brief, sketchy documentation that would make it difficult for a

future performer to understand what happened
• Be sure you can find and review the documentation when you need it

Incidents might include: citizen complaints; exposure to hazardous
materials; unsuccessful project; complex program implementation
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ELECTRONIC PERFORMANCE SUPPORT SYSTEM
What

Why

When

How

Do's & Don'ts

Example

This system combines artificial intelligence, an expert system, real-time
e-learning methods, and a computer-based referencing system. As a
user encounters a problem, he or she can access all organizational
policies and procedures through the referencing system, gain advice
from past experience from the expert system, and even learn in real time
using the training component.
• One-stop shopping
• Available 24,7
• Can be used by multitude of users
• Policies, procedures, problems, solutions and training are

documented and can be combined into one system
• Organization is wide-spread and distance learning is more efficient

than in-person training
Determine what knowledge needs to be shared. Document knowledge
and collaborate with programming experts to create system
• System, should address a broad range of issues
• E-learning should relate directly to the problem being resolved
• Additional troubleshooting options should be offered

STORYBOARDS
What

Why

When

How

Do's & Don'ts

Example

A story board is a group of pictures that tell a story. It is a graphic
representation of what to do and how to do it.
• Can convey big picture quickly
• Creates a visual cue in the learner's mind - can enhance knowledge

transfer
• As an executive summary or white paper to convey a concept or

overview of a complex process concisely
• To document instructions for a task that does not require written

instructions
Determine what knowledge needs to be shared. Develop step by step
illustrations to convey information.
• Storyboards should be able to stand on their own when conveying

information
• Storyboards should use easy to understand symbols and pictures

Emergency information cards on airplanes
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STORYTELLING
What

Why

When

How

Do's & Don'ts

Example

A story is a description of what happened in a situation. If you hear "what
really happened" you are hearing a story. Story telling can be a most
effective way of transmitting wisdom from one person to another.
• Captures context in familiar format
• Easy to remember (how we make sense of things)
• Engage feelings and minds so more powerful than logic alone
• Helps listeners see relevancy to own situation
• To impart meaning and context to ideas and facts
• To aid communications
• To engage buy-in, market an idea
• To capture attention

Have a message or underlying idea being conveyed. Include a debrief
process that ties the story to the key learning point.
• Be relevant to listeners' situations
• Be simple, brief and concise
• Test before using
• Be true rather than invented
• Be plausible
• Provide easy mental leap from story facts to message
• Make storytelling a routine part of informational or instructional

meetings

DOUBLE FILLS
What

Why

When

How

Do's & Don'ts

Example

Double fill employs the experienced performer and the less experienced
performer in the same position simultaneously. Usually for a set period
of time.
• Transfer an established portion of knowledge
• Can reduce amount of supervisors training time
• Can provide intense, one-on-one training in all situations

encountered on the job
• Budget alows for double fill
• Departing employee gives enough advance notice to allow for

recruitment, selection and appointment to happen prior to his or her
leaving the job

Determine what knowledge needs to be shared. Develop timeline and
action plan to assure knowledge is transferred in the time allotted for the
double fill.
• The action plan and timeline should be achievable and detailed
• Knowledge transfer alternatives should be available in case there are

unforeseen circumstances (e.g., separating employee leaves early)
• Avoid vague, ambiguous descriptions of knowledge to be transferred
• Clarify roles up front

Two week overlap to focus on program specific information. Computer
skills, phone etiquette, and general office skills will be trained after
double fill time is completed and by a different experienced performer.
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DOCUMENT REPOSITORIES
What

Why

When

How

Do's & Don'ts

Example

A collection of textual showrooms that can be viewed, retrieved and
interpreted both by humans and by automates. A document repository
adds navigation and categorization to the information stored.
• Manages the intellectual property that is locked up in the documents

of an organization
• Can be used by multitude of users
• Different from an expert system; can be paper, electronic or both
• Processes have been / are being documented
• Historical knowledge of an organization's practices is important to

current business needs
• Performers use and need to be able to find documents in order to

perform their tasks
Determine which documents need to be categorized and stored.
Develop system to manage the entire life cycle of a document from
creation through multiple revisions and finally into storage and records
manaqement.
• Standard use of the repository should be established
• Repository should be kept up to date

Workplace Alaska

JOB ROTATION
What

Why

When

How

Do's & Don'ts

Example

A formal program in which a person or group of persons experiences a
variety of tasks and responsibilities in several different positions.
Typically designed to develop an individual's knowledge base to prepare
him or her for positions of increasinq responsibility and scope.
• Can develop a pool of qualified applicants for positions of increasing

responsibility and scope
• Decreases the impact of "brain drain" when individuals leave key

positions
• Career development requires knowledge and experience in several

different areas or programs
• On the job experience is the most effective method of Knowledge

transfer
Determine what knowledge needs to be shared. Develop formal program
that assures individuals will experience full variety of identified knowledge
and tasks. Clarify requirements for successful completion of program.
• Program should have clearly defined requirements for acceptance

and successful completion
• Program purpose and goals should be clearly communicated to all

potential participants
• Program should be available to all who qualify for acceptance

Areas that might use a job rotation program include: HR management
team; Agency manaqement teams: Expert programming positions
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KNOWLEDGE FAIRS
What

Why

When
How

Do's & Don'ts

Example

An event that showcases information about an organization or a topic.
Knowiedge fairs may be one-time events hosted by a specific user group.
• To share knowledge with a targeted audience or group
• Far-reaching; can be used with the public, other state agencies, or

within a department, division or program
• To increase awareness of and knowledge about a program. topic

area, or agency
Information can be shared easily via displays, brochures, etc.
Determine what knowledge needs to be shared and with whom it will be
shared. Schedule fair, prepare documents and displays, market even,
and clearly communicate purpose of the event.
• Clarify and communicate the goal or purpose of the fair
• Avoid confusing a knowledge fair with a recruitment fair

State Call Center Fair, featuring all of the state's call centers - Public
Protection Fair, featuring information from Public Safety, Corrections,
DMVA. HSS, etc.

KNOWLEDGE MAPS
What

Why

When

How

Do's & Don'ts

Example

An effort to discover the location, form, ownership, value and use of
knowledge. To learn about people's expertise: to find opportunities to
make better use of existing knowledge in the organization; and to identify
barriers to knowledge flow.
• Highlights areas of specialty knowledge and expertise
• Encourages better use of information and knowledge and reduces

"reinventing the wheel"
• Saves time searching Tor experts in a particular area
• Saves the time of experts by helping others locate needed

information quickly
• Enhance learning by drawing a picture of available resources and

when to use them
• For more complex situations; the map can help less experienced

performers learn who and when to use resources
Determine what knowledge needs to be shared. Interview experts to
identify the resources they use and construct knowledge map. Educate
less experienced performers in how to use the map (link to document
repository).
• Clarify the type of knowledge transferred at each point in the map
• Avoid using the map as the answer to a situation
• Clearly describe the parameters around the map's use (e.g., only in

certain situations)
Your Personal M a p - Starting with a "node" representing yourself, map
the people with whom you share information, both internally and
externally. Try to represent whether you are only receiving information,
whether you are only giving information, or whether it is a two-way
exchange.
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STRUCTURED ON THE JOB TRAINING (OJT)
What

Why

When

How

Do's & Don'ts

Example

Instruction takes place on the actual job site, usually involving learning
skills or procedures in a hands-on manner following a defined structured
learning process.
• Provides less experienced performer, or trainee, with real-job

experience
• Allows work of agency to be accomplished during training
• Tasks have developed procedures and aids for teaching
• Real-life experience needs to be developed

Determine what knowledge needs to be shared. Develop step-by-step
instructions. Identify trainer. Establish learning objectives and timeline
for completion.
• Use good performers who can also teach and coach
• Provide training and resources for those coaching
• Analyze the job, breaking into tasks, and develop procedures and

aids for teaching
• Describe, Describe and Demonstrate, Trainee performs, Trainee

describes and performs. Trainee practices
• Tell trainee where to go for help
• Follow-up with trainee
• Avoid assumptions about the depth, level and scope of knowledge

al ready possessed by the trainee
Data entry into program database - Writing monthly status report -
Processing employee payroll
3.3 How does Latent Semantic Analysis work?

According with Dong [56], " the mathematical foundation for LSA lies in singular value

decomposition (SVD), a matrix approximation method for reducing the dimensions of a

matrix to the most significant vectors".

"Latent Semantic Analysis (LSA) is a theory and method for extracting and

representing the contextual-usage meaning of words by statistical computations

applied to a large corpus of text [56]."
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3.3.1 Steps to perform LSA 
 

 The way to perform an LSA are  presented on the following example extracted from 

[56]: 

 

 Takes as input a corpus of natural language. 

 The corpus is parsed into meaningful passages (such as paragraphs). 

 A matrix is formed with passages as rows and words as columns. Cells contain 

the number of times that a given word is used in a given passage. 

 The cell values are transformed into a measure of the information about the 

passage identity the carry. 

 SVD is applied to represent the words and passages as vectors in a high 

dimensional semantic space. 

 The vector of a passage is the vector sum of the vectors standing for the words 

it contains. 

 Similarity of any two words or two passages is computed as the cosine between 

them in the semantic space: 

 Identical meaning: value of cosine = 1 

 Unrelated meaning: value of cosine = 0 

 Opposite meaning: value of cosine = -1 

 Number of dimensions used is an important issue 

 Small dimensions (small singular values) represent local unique 

components. 

 Large dimensions capture similarities and differences. 

 Dropping dimensions that do not matter is an advantage for detecting similarity. 

 SVD supports optimal dimension reduction. 

 Keeps aspects that are more characteristic. 

 Deletes aspects that are unreliable. 

 In LSA a word with many senses does not have multiples representations, even 

when the senses are not related to each other. 
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 Query creation: 

 Create a query vector representing a document (column in the table) 

containing the search words. 

 Calculate the desired reduction using the singular values: 

 Multiply the reduced singular values, describing the original row entities 

and the query vector. 

 

 

LET’S FOLLOW THE FOLLOWING GENERIC EXAMPLE 

 

 Technical Memo Titles 

 c1: Human machine interface for ABC computer applications  

 c2: A survey of user opinion of computer system response time  

 c3: The EPS user interface management system  

 c4: System and human system engineering testing of EPS  

 c5: Relation of user perceived response time to error measurement 

 m1: The generation of random, binary, ordered trees  

 m2: The intersection graph of paths in trees  

 m3: Graph minors IV: Widths of trees and well-quasi-ordering 

 m4: Graph minors: A survey  

 

 

 

 

 

 

 

 

 

 

 

r (human.user) = -.38 r (human.minors) = -.29  

 

 

 c1 c2 c3 c4 c5 m1 m2 m3 m4 
human  1 0 0 1 0 0 0 0 0 
interface 1 0 1 0 0 0 0 0 0 
computer 1 1 0 0 0 0 0 0 0 
user 0 1 1 0 1 0 0 0 0 
system 0 1 1 2 0 0 0 0 0 
response 0 1 0 0 1 0 0 0 0 
time 0 1 0 0 1 0 0 0 0 
EPS 0 0 1 1 0 0 0 0 0 
survey 0 1 0 0 0 0 0 0 1 
trees  0 0 0 0 0 1 1 1 0 
graph  0 0 0 0 0 0 1 1 1 
minors 0 0 0 0 0 0 0 1 1 
 



 58 

 

 Singular Value Decomposition 

{A}={U}{S}{V}T 

 Dimension Reduction 

{~A}~={~U}{~S}{~V}T 

 

 

 

 

 

 

= 

 

 

 

 0.22 -0.11  0.29 -0.41 -0.11 -0.34  0.52 -0.06 -0.41 
 0.20 -0.07  0.14 -0.55  0.28  0.50 -0.07 -0.01 -0.11 
 0.24  0.04 -0.16 -0.59 -0.11 -0.25 -0.30  0.06  0.49 
 0.40  0.06 -0.34  0.10  0.33  0.38  0.00  0.00  0.01 
 0.64 -0.17  0.36  0.33 -0.16 -0.21 -0.17  0.03  0.27 
 0.27  0.11 -0.43  0.07  0.08 -0.17  0.28 -0.02 -0.05 
 0.27 0.11 -0.43  0.07  0.08 -0.17  0.28 -0.02 -0.05 
 0.30 -0.14  0.33  0.19  0.11  0.27  0.03 -0.02 -0.17 
 0.21  0.27 -0.18 -0.03 -0.54  0.08 -0.47 -0.04 -0.58 
 0.01  0.49  0.23  0.03  0.59 -0.39 -0.29  0.25 -0.23 
 0.04  0.62  0.22  0.00 -0.07  0.11  0.16 -0.68  0.23 
 0.03  0.45  0.14 -0.01 -0.30  0.28  0.34  0.68  0.18 
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These text documents in our research sometimes were text sentences, text 

paragraphs or even individual words, but mainly whole documents. 

The process for using LSA to make coherence predictions is to compare some part of a 
written text to a neighboring text data base in order to determine the degree of 
semantic relation. In this study we use text test performed for all pairs of adjacent text 
units in order to characterize the overall coherence of the text [57]. 
  
McNamara [58]  research study found an interaction between the reader’s knowledge 
and the coherence of the text, and in the other hand Kintsch [57] says that: ¨ the LSA 
coherence analyses, using sentences as the basic unit of text appears to be an 
appropriate corresponding level that can be easily parsed by automated methods ¨.  
 
 
In the present study LSA is used for the characterization of how the semantic content 

changes over a text inside the process of Knowledge Creation proposed by Nonaka [1]. 

The study will center its results on the measures of the text’s coherence and can be 

used to track measures of a design team performance, and can also be used to 

promote knowledge mode conversion to accelerate the KMC process. 
   

 



 63

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 4 
 

 

IV. EXPERIMENTAL IDENTIFIERS OF SHARED UNDERSTANDING 



 64

 

 

 

CHAPTER 4 
 

 
4. Experimental Identifiers of Shared Understanding   
  
This chapter explains the development of the experimental exercises conducted 
to measure the Coherence Level for each Knowledge Mode during a NPD 
process. 
 
4.1 General Description     
 
The concept of shared understanding in a design exercise is manifested by the 

collective use of a common set of vocabulary. This is very important when in the 

design team are members of different disciplines or inclusive different levels of 

design practice maturity.  

In order to characterize the design team performance, documents identified as 

typically used in a Knowledge Mode, were analyzed to obtain a measure of 

semantic coherence using LSA. This not only allows a measure trough all stages 

of the NPD, but also provides the opportunity to zoom-in the Knowledge 

Dimensions. 

Text from documents was analyzed using the ¨Sentence Comparison Method 

Interface” of LSA @ CU Boulder. What this interface does is to compare the 

similarity of sequential sentences in a given LSA space. The interface 

automatically divides in separate sentences, the text given as input [38]. Then 

each sentence is compared to the next sentence and a measure of the semantic 

coherence is given for the text analyzed.  The measures of coherence for all 

documents used by the design teams in all the design stages were collected and 

used to compute graphical data. 

The data of semantic coherence between three design teams was compared not 

only taking in a count the design stages, but also the Knowledge Modes 

described by Nonaka [1]. 
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4.2 General Objective   
Demonstrate that a design team can monitor, in a collaborative-based 

environment, which product development activities within its supporting 

technologies; promotes higher semantic coherence levels, foster shared 

understanding, and induce conversion between tacit and explicit knowledge 

modes.   

 

4.3 Specific Objective    
To foster KMC by measuring  the Knowledge Mode Semantic Coherence Level 

of a NPD within its documents. 

4.4 Reverse Engineering Case Study  
 
A case study in the aeronautic industry is presented to explain the development 

of the experimental exercises conducted to measure the semantic coherence 

level [27], for each Knowledge Mode during a collaborative design. These 

indicators are obtained evaluating and comparing documents stored in a PLM 

platform for differing levels of semantic significance, applying LSA. This provides 

a linkage between New Knowledge creation and the development of Capabilities 

for KMC, especially those related with reinforcing the SECI spiral proposed by 

Nonaka [1].  

Senior designers collected and classified information and experiences from 

socialization, externalization, combination and internalization knowledge modes 

activities during Reverse Engineering (RE) methodology stages [39, 40, 41, 42], 

within a more general learning framework proposed by Orta et al [43] and they 

structured in guidelines this valuable knowledge. This proposed framework is 

closely related to the Kolb Learning Model [44, 45, 46, 47]. 

 

The aforementioned RE Strategy is implemented through the assembly and 

redesign of an experimental, true-scale aircraft RV-10 [48] shown in figure 13, 
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where designers act as promoters of inter-team communication fostering the 

KMC processes.  

 

 

 
Figure 13. Experimental aircraft RV-10 [48] 

  
 A main knowledge target for the design team was to focus on creating guides for 

handling CATIA® and DELMIA® tools, used on the Sheet Metal part design 

module. The design guides are directed to current and future designers who are 

or will be part of the modeling, assembly and virtual manufacturing design teams.  

 
In spite of Copyright and Intellectual Property laws, which make reverse 

engineering rarely a cost-effective way of developing a competitive product, RE 

is otherwise an excellent vehicle for achieving a deep understanding of the 

knowledge creation process within a controlled environment. Moreover, these 

techniques have appealing features for posing an open problem, very common in 

engineering design field, in terms of manageable components, which are 

amenable for analytical (or numerical) solution. For third-party suppliers, they 

also provide straightforward tools for ensuring compatibility of new products and 

services, as well as for assessing the veracity of manufacturer’s claims. 
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Hopefully, the Reverse Engineering and knowledge framework strategy 

illustrated here will provide crucial information for CAD designers elsewhere, who 

had suffer from the ambiguities and pitfalls often found in design part modeling.  

  

This aircraft will be thoroughly studied in order to produce knowledge and 

competences in the field of Aerospace Engineering by applying Reverse 

Engineering techniques. Let us first review what would be the direct-path design 

process for this aircraft, as illustrated in figure 14: 

 

I. Planning stage: Involves initial discussions, ideas and a list of 

requirements translated to engineering specifications. 

 

II. CAD Modeling: The requirements set in stage I take form into 

sketch drawings, and later on into a CAD parametric model. 

Parameterization allows having floating dimensions which could 

change at later stages. This stage automatically yields detailed 

manufacture drawings. 

 

III. Structural Analysis: This is performed to ensure that the geometry 

and proposed materials will be able to withstand extreme loading 

conditions, which are estimated (in part) by performing an aero 

dynamical analysis (yielding Drag and Lift Coefficients). Potential 

problems such as large deformations or high stresses can be 

spotted here, requiring re-dimensioning the initial geometry or re-

selecting materials. This trial and error approach is represented by 

an inner loop between stages II and III. 

 

IV. Virtual Assembly: In parallel with stage III, a Virtual Assembly can 

be carried out to spot potential problems during the Physical 

Assembly. 
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V. Manufacturing of parts: Once previous stages are validated, the 

individual components are manufactured according to final 

specifications. 

VI. Physical Assembly: Individual components are assembled, 

validating stage IV. 

VII. Finished Prototype: Extensive testing is needed to determine if the 

desired specifications were met, and to detect opportunities for 

improvement. In some cases, modifications will be required at 

stages as early as I. 

 
Figure 14: Direct path for designing an experimental aircraft RV-10 

 
The first stage is typically the most demanding for the designer, who has to 

translate a wish-list into engineering specifications, as well as foreseeing 

potential problems at later stages. Such tasks convey a good deal of experience 

and expertise on diverse engineering fields. For an engineering student and even 

for a young engineer, the decision making process associated with this stage 

surely looks like a daunting task, where art and science continuously cross 

boundaries; this is probably true in any project in which the word “Design” is 
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involved. On the other hand, stage VII is defined by abstraction and 

generalization of the results yield by previous stages, also synthesizing 

generated knowledge and producing experimental evidence to be contrasted with 

initial expectations. It could be stated that, at this final stage, the overall project is 

completely understood, and a new cycle can fine-tuning the desired 

performance. 

 
Figure 15: Reverse-path for designing an experimental aircraft RV-10 

 
Applying Reverse Engineering to this design process equates to implement the 

reverse path of the aforementioned sequence, as shown in figure 15: 

 

I. Finished Prototype: A Finished Prototype, which is known to comply 

with all the required specifications, is thoroughly examined. 

 

II. Physical Disassembly: The Finished Prototype is disassembled into 

individual components, allowing detailed measurements to take place. 

This stage is not carried out in reality, as the individual components of 

the aircraft can be acquired separately. Instead, the individual 
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components can be (re-)assembled to gain additional insight into this 

process, and this stage is carried out in parallel with others, as it is 

very time consuming (figure 16). 

 

III. Measuring: The individual components are measured and 

dimensioned with the highest attention to detail. The tools needed to 

perform this task range from metric rules and vernier calipers for 

relatively simple geometries, to Coordinate Measuring Machine for 

complex surfaces (figure 17). These systems have the advantage of 

providing results which can be directly fed into most CAD platforms via 

the Initial Graphics Exchange Specifications neutral format (IGES). 

 

IV. CAD Modeling: The CAD geometry is generated by digitalization and 

feeding previous measurements. 

 

V. Virtual Assembly: This stage could be performed to gain additional 

insight into this process. 

 

VI. Structural Analysis: The CAD model is retrieved to generate FE and 

CFD models, from which different types of load cases can be 

simulated. 

 

VII. Recapitulation stage: The obtained results are gathered and reviewed, 

recapitulating the overall aspects of the process, and generating 

knowledge towards improving the initial design.  
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Figure 16: Assembly of the aircraft 

 
The core of the Reverse Engineering activities in this project is undoubtedly 

represented by the development of the CAD geometry. Unlike a direct design 

path, in which CAD geometry is constructed based on previous ideas and 

sketches, here it is generated by direct measurement and digitalization of the 

physical components. Once the CAD geometry is ready, it can be for example, 

be retrieved to perform a Structural Analysis for estimating the safety margin of 

the aircraft’s structure. 
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Figure 17: Coordinate Machine Measurement (CMM) of one of the aircraft’s components 
 

4.5 Knowledge Mode Conversion Strategy during the CAD 
Geometry Generation 

 
 
 
Documents of each design team are grouped and categorized using the 

information system technologies identified as typically used for each KMC 

described in Table 3. 

  

The deployment of general activities to obtain the experimental identifiers to 

foster Knowledge Mode Conversion   is presented on figure 9 & 16.  

 

For this matter the following criteria for categorization of documents had been 

used: 

 

 Documents in the Socialization Knowledge Mode are those that are 

elaborated as a result of team activities of shared experience. 
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In our case: All documents related with how individuals learned from 

mentors through a process of observation and repetition. Each design 

team developed documents related to the new work practices and 

routines to integrate and make sense of the product development 

process. 

 

 Documents in the Combination Knowledge Mode are those that are 

elaborated as a result of a process by which explicit knowledge held by 

individuals is shared.  

 

In our case: All documents related with how individuals interacted around 

the process of designing an artifact. Designers had to combine knowledge 

about how best to integrate the design object during formal or informal 

meetings. 

 

 Documents in the Internalization Knowledge Mode are those that are 

elaborated as a result of the traditional concept of learning process. 

However, because in this case explicit knowledge is converted to tacit, it 

is the process or action that enables the conversion. In the case of a new 

technology tool, the act of using the tool enables the internalization of 

knowledge. 

 

In our case: All documents related with how individuals improve their 

knowledge and skills of new hardware and software 

 

 Documents in the Externalization Knowledge Mode as an opposite case 

from Internalization are those that are elaborated as a result of the 

conversion of tacit knowledge to explicit knowledge. Because tacit 

knowledge is not definable directly in language, metaphors are often used 

to explain the knowledge concept. 
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In our case: All documents related with how individuals describe to the 

team how their new knowledge and skills of new hardware and software 

improve their performance in the team activities. 

 

 

 
Fig. 18: Graphical deployment of the activities to obtain the experimental identifiers to 

Knowledge Mode Conversion by the use of design guides. 
 

 

The next step in the model of KMC is to identify documents, as typically used in 

a Knowledge Mode, as described in the previous point, and analyze them to 

obtain a measure of semantic coherence using LSA. This not only gave us a 

measure trough all stages of the NPD, but also gave us the opportunity to zoom-

in the Knowledge Creation Process proponed by Nonaka [1]. 
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The present research employed the cosine method to compare semantic 

similarities and used the ¨LSA @ CU Boulder¨ [38] web software application to 

perform the corresponding analysis (see Figure 19 for a screenshot of this 

application). 

 

 
 

Figure 19: Latent Semantic Analysis@ CU Boulder [38]. 
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Once the measures are obtained, they are put in a graphic form to help identified 

strength practices related to the measures. These measures are deployed vs. 

time. That is they are chronologically ordered. 

 

When a good design activity is identified, it is forced a process of distribution of 

this practice. One way the knowledge contained in this practice can be 

distributed to be applied by others, is by the means of the creation of knowledge 

transfer vehicles. 

 

4.6 AN EXAMPLE OF DOCUMENT AND ITS ANALYSES 
 

Begin hour:      09:00         End hour:    11:00         .                                                               
 
Date:  05 / J /2007 
 
Place: CIDyT  ITESM Campus Monterrey 
 

 

Names A.C.M  I.B.M 
 

ID 
numbers X14215   X02844 e-mails acm@gmail.com ibm@hotmail.com 

Team 1       ///      A 
     

Activity Description 
 
We practice more about how to measure more exactly and we learned how to fix 
several problems. 
 

 
Activity Objectives 
 
To learn more experience about how to cleck, to drill, to dimple and the use of 
Pneumatic Countersinking. 
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Extended Activity Report 
Socialization Externalization  
Our instructors told us a few advices 
about how to get our piece done the best 
way. I remember how they told me about 
drilling two pieces at a time so the same 
hole appears in both pieces. Instructors 
told us that at that time we were going 
to finish our training and get into the 
real deal. We prepared ourselves 
mentally and tried to get things right 
at the first time in the last part of 
training so we wouldn’t make 
mistakes in the real one. 

After I learned about my internalization 
part, i told my instructors what I did and 
how I did it and they agree of my 
method. The method was a way to use 
the Pneumatic Countersinking and it 
consisted on put strength to the very end 
of the stick and then grab the other stick 
with your fingers. We talked with our 
instructors about how the stones can 
be used in different cases and how it 
was the best way to use them with the 
Pneumatic drill. After knowing the 
difference with the other stones and 
being about to start riveting our 
instructors told us to stop practice 
and start with the real work. 

Internalization Combination 
We learned by ourselves how to be more 
accurate and how important this is for all 
the pieces to join together. An example 
is that there were 3 pieces that had to be 
united and one of them couldn’t fit with 
another, so we needed to do another 
hole, very carefully, so it could be 
attached. We found out that it was 
difficult for us to rivet when some 
rivets were already set. So we figured 
that with a different stone we would 
be able to be more accurate than with 
the stone we usually used. 

There can be a little combination: I 
learned a few stuff for myself like a 
procedure i learned about how to used 
the Pneumatic Countersinking, and I 
compared it to how the usual procedure 
and I hope i can write it down in my 
report for Thursday. We all shared our 
knowledge and reassured it by talking 
and get organized by starting our 
work in the real plane. We also figured 
the word “ya” that is “now”; it means 
that stone man say it first when he’s 
ready and after him the gun man 
pronounces it to let the stone man 
know he is ready too and start 
riveting. 

  
 

Images and illustrations 
 

                                                        
   
  



 78

 
Suggestions for better analysis, tests or assembly techniques 

 
Working the four class mates as a team gave us real good results. Sometimes 
it´s hard because you can´t concentrate or you don’t know what to do with 
som many people and just a very few end u p deciding what to do but this time 
we all worked as a team. 

 
 

 
 
 

Images and illustrations 
 
There is a very good picture about how we fixed a missplaced hole but it ain’t on 
internet yet. You may find it on : 
http://picasaweb.google.com/sepulvedacastro/EnsambleVerano ) 
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Problems report 

Problem Caused by Solution proposed 

 
Misplaced Hole 

 
Inaccuracy 

We did another hole 
beside the wrong one 

and everything worked 
just fine. 

 
 

Suggestions for better analysis, tests or assembly techniques 
 
 

I have no suggestion because I learned a lot by my mistakes today. 
 

 
 

References: 
 
 
http://lsa.colorado.edu/ 

 
 

 
 
 
 
Attached Documents (see next sheets) Copy in the corresponding section 
the results obtained in the LSA test. 
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Socialization 
:  
COS SENTENCES  

0.25 
 

1: Socialization Our instructors told us a few advices about how to get our piece 
done the best way.  

2: I remember how they told me about drilling two pieces at a time so the same 
hole appear in both pieces. 

 

Mean of the Sentence to Sentence Coherence is: 0.25  

Standard deviation of the Sentence to Sentence is: 0.00  

 
Externalization 
 
COS SENTENCES  

0.16 
 

1: After I learned about my internalization part, i told my instructors what I did 
and how I did it and they agree of my method.  

2: 
The method was a way to use the Pneumatic Countersinking and it consisted 
on put strenght to the very end of the stick and then grab the other stick with 
your fingers. 

 

Mean of the Sentence to Sentence Coherence is: 0.16  

Standard deviation of the Sentence to Sentence is: 0.00 

 
Internalization 
COS SENTENCES  

0.41 
 

1: We learned by ourselves how to be more accurate and how important this is 
for all the pieces to join together.  

2: 
An example is that there were 3 pieces that had to be united and one of them 
couldn’t fit with another, so we needed to do another hole, very carefully, so it 
could be attached. 

 

Mean of the Sentence to Sentence Coherence is: 0.41  

Standard deviation of the Sentence to Sentence is: 0.00  
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Combination 
 
COS SENTENCES  

0.11 
 

1: There can be a little combination  

2: 
I learned a few stuff for my self like a proceduro i learned about how to used 
the Pneumatic Countersinking, and I compared it to how the usual procedure 
and I hope i can write it down in my report for Thursday. 

 

Mean of the Sentence to Sentence Coherence is: 0.11  

Standard deviation of the Sentence to Sentence is: 0.00 
 
 
 
 
 
Attached Documents (see next sheets) Copy in the corresponding section 
the results obtained in the LSA test @ http://lsa.colorado.edu/  
  
  
 
Socialization: 
COS SENTENCES  

0.17 
0.13 
0.16 
0.03 

 

1: Today I learn how to remove the film of the aluminum sheet of the working 
area.  

2: Also how to take measurements before the drilling, using the Bernier tool.  

3: Another thing that I learn was how to make the holes with different reels on the 
aluminum sheet.  

4: And put the clecos in the created holes depending of the size.  

5: Finally dimpling with a mechanical piston and use the countersinking reel with 
precaution to avoid sliding. 

 

Mean of the Sentence to Sentence Coherence is: 0.12  

Standard deviation of the Sentence to Sentence is: 0.05  
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Internalization: 
SENTENCES 

0.11 
0.04 

 

1: At the time of the dimpling, I identified the sound which tells you 
that the hole is well done.  

2: Using the countersinking tool I notice that with 3-4 turns was enough 
to leave a smooth surface.  

3: You get a better work ,if at the moment of the drilling you put 
together both plates. 

 

Mean of the Sentence to Sentence Coherence is: 0.08  

Standard deviation of the Sentence to Sentence is: 0.04  

 
Externalization: 
 
 
 
Combination: 
COS SENTENCES  

0.36 
 

1: 
We notice that at the moment of the dimpling when you are using the 
countersinking reel, you have to drill until the 2 plates are left almost parallel 
one on the other.  

2: If at the beginning your clecos were a little crooked, these will complied after 
you use the correct aeronautical standard reel and place the clecos again. 

 

Mean of the Sentence to Sentence Coherence is: 0.36  

Standard deviation of the Sentence to Sentence is: 0.00  
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4.7 Method for the creation and exploitation of design guidelines 
 

The knowledge transfer vehicles used in this research, were design guidelines. 

A procedure has been developed to help individualize instruction in order to 

design components by means of the PLM tool of CATIA V5 R16, specially those 

comprising concepts of Sheet Metal design and manufacture. The idea behind 

the creation of these guides is to improve the learning environment by using 

designers to assist each other in learning.  

 

 
 

Figure 20: Sheet Metal Design Guide Snap shot. 
 

 

The design guides that are referenced are made up of described step by step 

exercises, accompanied by figures and images that facilitate the understanding 

of the following up procedures to the design team members in charge. The 
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design guide referenced here can be obtained from: http://e-

hub1.mty.itesm.mx/SalaPLM . A small snap shot is presented in Figure 17. 

 

The first stage in making the Design Guide is to elaborate a rough design 

procedure (See Figure 20) for certain component or part. Then the design group 

provides a step by step instructional structure that supports knowledge transfer of 

already learned lessons in the field of PLM. These involve integrating design 

knowledge into the CAD data with the help of CATIA V5 special modules while 

taking into consideration both technological aspects and instructional component. 

The design group selects the most significant examples collected from previous 

exercises and documents already capture and classified by methods for 

knowledge acquisition, knowledge organization, knowledge formalization, 

knowledge distribution, knowledge application, knowledge evolution and 

knowledge maintenance that are shown in figure 9 and described in section 3.1. 
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4.8 Experimental Results 
 

Numerical results for three selected design teams are shown in table 6. Results 

are structured on time dependence and are divided on three major design 

stages. 

The first stage is conceptual design and a count for the first six weeks of the 

design exercise, the second stage is preliminary design and goes from week 7 

trough week 10, and from week 11 trough week 14 is considered the final stage 

of the design exercise. 

 

 These numerical results should aid designers in determining the activities and 

Knowledge Mode Levels required when performing on a design event.  

 

Table 6.  Team data of coherence measures for each Knowledge Mode. 

 

 
Graphical representation of the overall performance is shown on figure 21. In this 

research, was observed that coherence levels grow over each design stage, but 

also was observed a correlation between the growing in coherence in the 

Socialization Mode and the grow of coherence in the Externalization Mode, but 

with a slight delay in time (See Table 6). 
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Figure 21: Team A Knowledge Mode coherence variation trough the Design 

Stages and  both Epistemological & Ontological Dimensions. 
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Figure 22: Team A Knowledge Mode coherence variation trough the Knowledge 

Creation Dimension. 

 

So once this sequence was observed work was focused on measuring the 

correlation between coherence grows in a particular Knowledge Mode and the 

growing of the coherence in the next and sequential Knowledge Mode. Activities 

with the intention to grow coherence measures for the Combination Knowledge 

Mode were deployed with the purpose of coordinate the work of the different 

sections within a design team.  
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Figure 23: Team A, Knowledge Mode coherence variation trough the design 

stages. 

 

All team´s performance graphics can be found in an Annexes 1. 
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These activities considered the way teams were connecting existing or previous 

knowledge or data with other explicit knowledge in the project of the NPD.  

In the other hand, it was also promoted activities to obtain a collective reflection 

on how the new skills and abilities related to the use of new hardware and 

software tools, were improving each individual performance toward the 

improvement of the performance of the whole team. These collective reflection 

activities were inducing growing in coherence for both Externalization and 

Internalization Knowledge Mode as shown on figure 23, but for this last Mode, 

activities of hands-on learning by doing of the new hardware and software tools 

were also implemented. 

 

It also was anticipated through observing Socialization Knowledge Mode 

coherence measures of design teams (as seen on Table 6), the need to trigger 

interaction activities where junior designers could learn from observation and 

imitation of an instructor. For this matter a manufacturing facilities were created 

where a professional instructor constructed with other designers special parts for 

the aerial vehicle, with the purpose of facilitating this kind of knowledge sharing. 

 

  
 

Figure 24: Mapping the solution against the Knowledge Lifecycle.  

Adapted from [65]. 
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The purpose of going through this process was to understand the challenges that 

the knowledge sharing process had demonstrated and to address the 

requirements for improved KMC through a set of solution guides. 

Figure 21 shows the opportunity areas: 

 

 Facilitation of sharing across the extended enterprise. Achieving sharing 

across teams and organizations in a seamless fashion: trough IT 

solutions, trough relationship building, trough both formal and informal 

mechanisms. Integrated Push and pull knowledge technologies. 

 

 Lessons learned process-Capturing Ad-Hoc Knowledge and experience in 

order to recreate success. Knowing what the barriers to success are will 

help in addressing issues of making time available, storing the lessons, 

and enabling re-use when needed, as well as looking at how to embed 

this activity within the design process. 

 
 Capture of design rationale- capturing experience for audit and 

certification 
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Chapter 5 
 

 

V.  DISCUSSIONS, CONCLUSION AND FURTHER WORK 
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5 Discussions, Conclusion and Further Work   
 

This chapter discusses the contribution of the research reported in this thesis, it 

also present a number of important research issues, in order to allow a set of 

conclusions to be formulated and the recommendation for further work.  

Section 5.1 presents the discussion of the major issues explored in this thesis. 

Conclusions and further work are presented in sections 5.2 and 5.3, respectively. 
 

 

5.1 Discussions    
 
Design organizations depend upon effective Knowledge Creation.  But 

knowledge is not evenly created or distributed. Theoretical Knowledge Creation 

models available have not yet been developed to a point where they can 

effectively inform how much, where and when, Knowledge is created in the 

organization.  

 
 The purpose of this research has been to outline identified challenges related to 

Knowledge Creation Measurement, and provide a deeper understanding of this 

problem area, including challenges related to the implementation of measuring 

models or systems, and methods to capture their effects on design team 

performance.  

 

A major difference between this research and other previously released is that 

with this new proposed approach it is possible to track coherence measures 

within the Knowledge Modes of the Nonaka SECI cycle [1]. In this way, design 

teams could monitor, in a collaborative-based environment, which product 

development activities within its supporting technologies promote higher 

semantic coherence levels.  
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This method facilitates to monitor activities that can be indicators of semantic 

significance that promote KMC. The presence of increasing significance, in KMC, 

during the design process is desirable. In the other hand, decreasing in semantic 

significance in product development activities denote disruption and 

disfunctionality as already observed by Hill [27].  

In this research it was anticipated through observing the Knowledge Mode 

coherence measures of design teams in an academic environment, the need to 

trigger interaction activities   and    activities to obtain a collective reflection on 

how the new skills and abilities related to the use of new hardware and software 

tools, were improving each individual performance. Activities with the intention to 

grow coherence measures in KMC were deployed with the purpose of coordinate 

the work of the different sections within a design team   

 

5.2 Conclusions    
 

This research has surveyed the following activities that can trigger Knowledge 

Mode Conversion in the processes underlying organizational knowledge creation 

using the Nonaka model and that in an empirical way were detected to improve 

the semantic coherence measures for the Knowledge Mode: 

 

 Activities to learn from observation and imitation of a professor, tutor or 

instructor. 

 
 Activities to obtain a collective reflection on how the new skills and abilities 

related to the use of new hardware and software tools, were improving each 

individual performance. 

 
 Activities of collective reflection on how new knowledge and skills of 

individuals promote better team performance. 
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 Activities of hands-on, learning by doing of new hardware and software tools. 

 
 Activities with the purpose to coordinate the work within teams that consider 

the way teams connect existing or previous knowledge or data with other 

explicit knowledge in their design projects. 

 
 

Coherence levels grew over each design stage in general for our three design 

teams, but also was observed an empirical correlation between the growing in 

coherence in the Socialization Mode and the grow of coherence in the 

Externalization Mode, but with a slight delay in time. A good example of this is 

the coherence measures for team A. 

 

Actions to correct the semantic coherence performance were taken on week 6 

and 10, and those actions show improvements on the coherence levels of all 

teams.  There is also a tendency to have cycles of divergent thinking following of 

convergent process all through the whole new process development as already 

observed by Hill [27]. The coherence measurements are expected to grow as the 

process is passing from a divergent stage to a convergent one. 

 
 

It would be possible for design teams, to keep a monitoring of their Knowledge 

Mode Semantic Coherence Level in real time, for the progress in their 

documents, as well as their web based design activities that are all important 

potential indicators of a design team’s performance within a New Product 

Development Process. 

 

Although results for quantitative measures of Knowledge results very useful and 

promising. It is important to understand that a given method is not necessarily 

better than others.  

The choice of method is dependant on the field, the nature of the questions 

addressed and the purpose of the research work done.  
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Organizations will necessarily need to explore more experiences with this 

proposed method to obtain quantitative measures of knowledge as well as other 

closely related concepts like communities of practice, storytelling, Knowledge 

Ontology, to obtain a better performance and become more effective in general. 

 

 
5.3 Further Work    
 

 The future of Knowledge Creation Management depends strongly on its ability 

to perform the control of the Knowledge Creation Act, and by consequence the 

ability to measure Knowledge Creation.  

 

 A shift to the priority of measuring this kind of factors is already taking place 

and is strongly recommended for the future. The integration of Knowledge 

Measuring Systems into business processes should be critical for competition 

and is already underway. Information Technologies will have a supportive role, 

and design sciences will need to establish a sound quantitative framework. This 

can be successively developed, filled and improved by means of empirical 

research. 

 
The present research as a whole provides a sense of integration of previous 

knowledge, thus realizing one of the very key concepts of the word “Design”. 

Further on, previous and new knowledge can be synthesized to spot 

opportunities for improvements or even breakthroughs. 

 
Although the presented model already consider the structuring and reutilization 

of design knowledge, our design group is working in the development of 

intelligent design templates capable to capture and integrate the design 

guidelines.   
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The intention is to use the templates as intelligent start up design tool able to 

consider elements like error prevention by means of intelligent CATIA objects. 

These guides will also allow the making of design guides in a faster and 

homogeneous way. By these mean the retrieval of important expert information 

and design knowledge will also be improved. 

 

At present stage design guides are storage in the PLM platform with some 

retrieval structure, based on semantic theory. The future stage of our research 

comprises combined semantic and shape-based retrieval of both knowledge and 

information within a Semantic Web design that can be reached by medium and 

small companies by means of a WIKI Knowledge Management Systems. 
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