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Abstract—Implementing a knowledge retention (KR) strategy
is crucial to overcome the loss of expert knowledge due to
employee turnover and retirement. The knowledge loss
phenomenon caused organizations to face enormous risks which
affect performance. KR frameworks and models are made
available beyond research and development (R&D)
organizations, to address knowledge retention strategies for
administrative, operational, and manufacturing organizations.
For research-intensive portfolios within R&D organizations,
using the available KR frameworks requires fitting. The
difficulty to address knowledge loss due to the uniqueness of the
R&D organization’s knowledge artifacts requires an extended
KR framework. Before designing the extended KR framework, it
is crucial to determine the framework’s additional criteria. The
paper reports the use of value chain mapping to determine the
extended criteria of the KR framework fit for R&D
organizations. The value chain mapping method identifies the
knowledge activities in the R&D using Porter Value Chain (PVC)
as the reference model. The output is a Knowledge Chain Model
(KCM) that defines the critical points of knowledge loss in the
R&D value chain. These critical points are project-based expert
critical knowledge focus, project-based tacit knowledge transfer,
and project-based knowledge repository which are nominated
extended criteria of the KR Framework fit for R&D
organizations.
Keywords—Knowledge retention framework; research and
development; porter value chain; knowledge management;
knowledge loss; research intensive portfolio; knowledge chain
model

I.

INTRODUCTION

Knowledge loss is a phenomenon that undeniably brings
risk to organizational sustainability. The knowledge loss is
spurred by either aging experts leaving the organization for
retirement or expert or knowledgeable workers leaving for
better job offers in other organizations. Knowledge loss is
critical drawing much attention from the organizational
knowledge management teams and risk managers to overcome
the phenomenon using solutions pertaining to retention of
critical knowledge loss. Despite having excellent KM practices
in place, organizations still have a slimmer chance of facing
critical knowledge loss [1].
Most of the studies of retention of critical knowledge loss
were conducted on small and medium enterprises (SMEs), oil
and gas, education, and manufacturing sectors [2,3,4]. These

studies were more focused on the operational knowledge of the
organizations. To address the critical knowledge loss in the
organization, this research specificity focused on the critical
knowledge loss in the research and development (R&D)
organizations. Like other organizations, R&D organizations
also face knowledge loss when their expert or knowledgeable
researchers leave the organization. The loss indefinitely affects
the performance of the R&D organization since the absence of
expert researchers’ knowledge hinders the completion of
remaining or future R&D projects. The need to understand
knowledge loss in an R&D organization is important since
R&D is a strategic investment to produce better and newly
featured products of technology either in a business or
government. Overlooking knowledge loss in R&D
organizations may be a strategic loss for the economic growth
of a country. The current literature reported limited studies
conducted for R&D organizations to address the critical
knowledge loss of R&D activities.
The paper reports on a study to determine extended criteria
required to fit the KR framework for an R&D organization.
The use of value chaining mapping is elaborated to define
criteria that are synthesized from the R&D and knowledge
chain analysis. This study used the Porter value chain (PVC)
model as the basis to develop the R&D value chain and
knowledge chain model (KCM) to identify the knowledge
activities in the R&D value chain.
II. LITERATURE REVIEW
Knowledge Retention (KR) is one of the important KM and
organizational strategies to minimize critical knowledge loss
[5]. Many KR Frameworks and models were proposed to
overcome the knowledge loss but there is a lack of focus being
given to KR for R&D organizations. The literature review of
this study consists of four parts. The first part discusses
frameworks and models for retention of critical knowledge loss
to help understand the issues and context of the existing setup
of managing critical knowledge loss.
The second part focuses on the R&D organizations to show
the uniqueness of the organizations as compared to the
operational-based organizations. The third part reviews the
Porter Value Chain (PVC) model that is used in this study as
the basis for synthesizing the R&D value chain. The fourth part
reviews the knowledge chain model that is used to map the
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knowledge activities with the R&D value chain. These reviews
are towards the objective of identifying criteria that will be
used as the foundation for the development of the KR
framework for R&D organizations.
A. Frameworks and Models for Retention of Critical
Knowledge in Organization
Several frameworks related to KR were reviewed for this
purpose. This study has reviewed the frameworks and models
proposed by Arif, Egbu, Alom & Khaflan [6], Boyles,
Kirschnick, Kosilov, Yanev & Mazour [7], Doan & Rosenthalsabroux [8], Levy [1] and Wamundila and Ngulube [9]. The
summary of the frameworks is shown in Table I.
Early work on the KR model [6] for the construction
organizations is based on a case study performed at
construction companies in the United Arab Emirates (UAE).
This model proposed a method to assess the KR capabilities of
an organization and suggests opportunities for improvement.
The model emphasizes a four-stage KR process that covers
socialization, codification, knowledge construction, and
knowledge retrieval.
Similarly in the same year, Boyles, Kirschnick, Kosilov,
Yanev & Mazour [7] proposed a comprehensive cycle of
retention processes in the case of retirement implemented in
nuclear industries that emphasized several important stages that
included (1) Conduct of risk assessment, (2) Determination and
Implementation of the plan, (3) Monitoring and evaluation.
Each process has sub-processes that further elaborate the
retention of critical knowledge in detail. In addition, Boyles,
Kirschnick, Kosilov, Yanev & Mazour [7] suggested a
dedicated and separate self-assessment process in the case of
employees who are leaving and transferring to other
organizations or departments.
Continuing work on KR is seen in the work of Levy [1]
who proposed a retention framework that is based on case
studies performed in Israel between 2007 and 2010. The case
studies were performed in seven organizations in banking,
ministerial- level of a government department, national
services, and defense industries. The model consists of three
main stages for retention, which focused on the implementation
stage for vertical knowledge transfer and eliminates assessment
stage. The stages include (1) Scope, (2) Transfer, and (3)
Integration. In the context of the organization, Levy [1] has
underlined three types of organizational response to the
phenomena of knowledge loss which include (1) Avoidance,
(2) Engagement, and (3) Reaction. In this context, Knowledge
retention is in the need for Engagement and Reaction-type of
organizations because of inappropriate KM practice at the
organizational level.
Wamundila and Ngulube ([9] proposed a retention
framework for higher education institutions which the case
study was performed at the University of Zambia (UNZA). The
proposed framework has focused on (1) Identifying KR
challenges at the organizational level, (2) Acknowledge the
need and purpose for KR at the organizational level, (3)
Preparedness of tacit and explicit knowledge integration, (4)
Understanding the dimensions of KR which primarily
encompasses knowledge assessment, acquisition, and transfer.

TABLE I.

SUMMARY OF COMPONENTS IN EXISTING KR FRAMEWORKS

Authors

Components of the Framework

Arif et al.
(2009) [6]

1. Personalization/Socialization (Individual knowledge)
2. Codification/ Externalisation (Conversion - Tacit to
Explicit)
3. Combination (Organizational Memory: knowledge saved in
IT/ Support Systems)
4. Internalisation (Retrieval - Explicit to Tacit: Retrieving
Knowledge for Reuse)

Boyles et
al. (2009)
[7]

1.
2.
3.

Conduct Risk Assessment
Determine and Implement Plan
Monitor and Evaluate

1.
2.
3.
4.
5.
6.
7.
8.
9.
1.
2.
3.
4.
5.
6.

Top Management Support
ICT Tools
Knowledge Retention Process
Critical knowledge (Initiation,
Implementation and evaluation)
Business Process Focus
Human Resource Practices
Knowledge Retention Strategy
Learning Culture
Initiating the process
Scope
Transfer
Integration
Structured Process
Structured Result

1.
2.

Identify knowledge retention challenges
Acknowledge need and purpose for
knowledge
retention
Integrate tacit and explicit knowledge
Dimensions of knowledge retention (knowledge
assessment, acquisition, and transfer)

Doan et al.
(2011) [8]

Levy
(2011) [1]

Wamundila
and
Ngulube
(2011) [9]

3.
4.

Doan & Rosenthal-Sabroux [8] proposed a reference model
of knowledge retention for Small and Medium-Sized
Enterprises (SMEs). The model consists of several elements
that are believed to be critical for an effective KR
implementation. Doan & Rosenthal-Sabroux [8] suggested the
model can be used as a starting step of the KR initiative and as
a template to assess the KR maturity level.
Based on the summary in Table I, all frameworks and
models have variations of components which some have
similar, and some have their unique components. In addition,
data that have been acquired to propose the frameworks are
mainly from operational-based organizations. Whilst an
analysis by Sulaiman [10] has underlined several issues on the
applicability and completeness of KR frameworks for
knowledge-intensive organizations which found such
limitations in the existing frameworks that lack of technology
used to help the assessment process during the implementation
of KR and lack of study had been done in R&D organization
and remain as recommendations for future exploration. These
limitations have motivated this study to be conducted.
B. Research and Development (R&D) Organizations
Research and development (R&D) organization is an
example of a knowledge-intensive organization where KR is
deemed to be important. Before further discussion it is good to
clarify the definitions of R&D. Research is defined in a few
categories which includes.
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1) Basic research that its objective to gain more complete
knowledge of the studied subject without a specific application
in mind with the advancement of scientific knowledge without
working for long-term economic or social benefits and with no
positive efforts to apply it (pure basic research) and produce a
broad base of knowledge to form the background to the
solution of problems (oriented basic research) without a
specific commercial goal (oriented basic research) [11,12].
2) Applied Research is the acquisition of knowledge to
determine the means to achieve a specific and recognized need
by discovering new scientific knowledge that has specific
commercial objectives concerning products, processes, or
services [11,12].
Development is defined as the systematic use of the
knowledge or understanding gained from research, directed
toward the production of useful materials, devices, systems, or
methods, including the design and development of prototypes
and processes. [11]. It is also called experimental development
which means a systematic work, drawing on existing
knowledge gained from research and practical experience that
is directed to producing new materials, products, and devices;
to installing new processes, systems, and services; or to
improving substantially those already produced or installed
[12].
R&D is found to be the most important component in any
part of modern businesses that creates new, robust, and better
products, processes, and the way people do things. Elements of
R&D in the organizations and firms have a strong influence on
the success rate in their business and help them gain a
competitive advantage over other firms [13].
R&D also plays important role in the economic sector in a
nation, making a profit in business enterprise, effective in
technology-based governmental agencies (e.g., the US
Department of Defence), and the higher investment in R&D
activities by a nation ($355 billion in the United States in
2007), [14]. Korea is one of the many examples, where R&D
spending is on more advanced industries that foster
productivity growth and proven that the productivity impact of
R&D is stronger in more high-tech industries and during
economic downturns [15].

before addressing the KR of R&D organizations. For this
purpose, the Porter value chain (PVC) and knowledge chain
model (KCM) analyses can be used to identify the critical
knowledge loss in R&D organization value chain activities.
PVC and KCM are further elaborated in the following subsections.
C. Porter Value Chain (PVC)
Porter [16] introduced the value chain concept to describe a
set of activities that an organization carries out to add value to
its customer. The concept is now formally known as the Porter
value chain (PVC) and is an established mechanism to
understand the value chain in operational, business, and
manufacturing organizations. Various authors have used the
PVC in their research settings ever since. Relating to the
knowledge value chain, the PVC has been used by Holsapple
and Singh [17] for mapping a proposed knowledge chain
model and Jordan et al. [18] used PVC as the basis for the
product value chain in his framework for evaluating R&D
impact and supply chain.
The PVC model consists of nine value-adding activities
with five primary and four secondary activities toward
competitive advantage as illustrated in Fig. 1.
The primary value-added activities consist of inbound
logistics, operations, outbound logistics, marketing and sales,
and service and are defined as in Table II.
The secondary activities (Table II) involve corporate
infrastructure, human resource management, technology
development, and procurement. In the primary activities, that
PVC shows the important value-added at each stage starting
from input materials until the finished product that can be
marketed. While secondary activities are in support of the
whole range of primary activities.
The mapping of PVC to specific organization activities
highlights the value-added at each phase of the organization’s
primary activities and identifies the organization’s competitive
advantage. The mapping of PVC activities to organizational
value chain was used by Tomasevic and Stojanovic [19] and
Sobotka [20] for educational institutions and Rapcevi [21] for
public sectors.

R&D organizations are different from other organizations
based on four elements 1) People, 2) Ideas, 3) Funds and
4) Culture [14]. Managing an R&D organization is not simple
and good management of research is not only the critical
difference among the organizations, but the research itself is
the most difficult to manage as compared to other functional
activities [14].
The importance of R&D and the uniqueness of R&D
organizations due to their people, ideas, funds, and culture raise
the need to further explore KR in R&D organizations. This
agrees with the findings from Sulaiman [10] who also
suggested the need to further explore KR in the R&D
organization. As a first step, it is necessary to identify where
critical knowledge loss could occur in R&D organizations

Fig. 1. Porter Value Chain (PVC) Model.

480 | P a g e
www.ijacsa.thesai.org

(IJACSA) International Journal of Advanced Computer Science and Applications,
Vol. 12, No. 12, 2021
TABLE II.

DEFINITION OF THE PVC ACTIVITIES

Activity

Definition

Primary
1. Inbound Logistics

Receiving, storing, and distributing materials
to manufacturing premises.

2. Operations

Transforming inputs into finished products

3. Outbound Logistics

Storing and distributing products

4. Marketing and Sales

Promotion and sales efforts

5. Service

Maintain or enhance product value through
post-sale services

TABLE III.

DEFINITION OF THE PRIMARY AND SECONDARY KM
ACTIVITIES

Primary Activities

Secondary

1. Corporate Infrastructure

technique to derive the R&D organization value chain
activities as been used in the operational-based organization as
well as another mapping for the organizational value chain.
While KVC is reviewed, to address important knowledge
activities at the organizational level that might lead to critical
knowledge loss.

Support for the entire value chain including
general management, planning, finance,
accounting, legal services, government
affairs, and quality management

2. Human Resource
Management

Recruiting, hiring, training, and development
of employees

3. Technology Development

Improving product and manufacturing
process

4. Procurement

Purchasing input

D. Knowledge Chain Model (KCM)
The KCM was proposed by Holsapple and Singh [17] and
was based on a descriptive KM framework developed via a
Delphi study involving an international panel of prominent KM
practitioners and academicians [22]. The model has five
primary and four secondary KM activities in the KCM as in
Fig. 2 [23].

Secondary Activities

Knowledge Acquisition:
Acquiring knowledge from
external sources and making it
suitable for subsequent use.
Knowledge Selection:
Selecting needed knowledge
from internal sources and making it
suitable for subsequent use.
Knowledge Generation:
Producing knowledge by either
discovery or derivation from existing
knowledge.
Knowledge Internalization:
Altering the state of an
organization's knowledge resources
by distributing and storing acquired,
selected, or generated knowledge.
Knowledge Externalization:
Embedding knowledge into
organizational output for release into
the environment.

Knowledge Leadership:
Establishing conditions that
enable and facilitate fruitful conduct
of KM
Knowledge Coordination:
Managing dependencies among
KM activities to ensure that proper
processes and resources are brought
to bear adequately at appropriate
times
Knowledge Control:
Ensuring that needed
knowledge processors and resources
are available in sufficient quality,
subject to security requirement
Knowledge Measurement:
Assessing values of knowledge
resources, knowledge processors,
and their deployment

III. METHODOLOGY
The research method employed is a two-step procedure that
focused on (1) the PVC mapping on R&D processes to produce
R&D organization value chain activities and (2) the knowledge
chain model mapping on R&D organization knowledge chain
activities to identify possible loss of critical R&D knowledge.

Fig. 2. Knowledge Chain Model (KCM).

Five primary KM activities include Knowledge acquisition,
selection, generation, internalization, and externalization, and
four secondary KM activities include knowledge leadership,
coordination, control, and measurement. The definition of the
primary and secondary KM activities is in Table III.
The reviewed KR frameworks from previous works are
different from one another. The differences have shown the
gaps between the frameworks. A small but important gap has
shown that a lack of data was acquired from R&D
organizations as the basis of producing the existing KR
Framework. Therefore, the importance and unique
characteristics of R&D organizations are reviewed and have
shown some differences between operational-based and R&D
organizations. The reviewed PVC model has shown the useful

The PVC mapping on R&D processes was conducted based
on the R&D processes as described by several kinds of
literature that include the work of [23-29]. An interpretive
analysis based on PVC is then used to map the operationalbased organization with the R&D organization value chain.
This analysis is purposely to identify the differences between
operational-based and R&D organizations and produce the
R&D organization value chain.
In the next step, the knowledge chain model by Holsapple
and Singh [17] is used to map each R&D organization’s value
chain activities with knowledge activities. The result of the
mapping is used to identify knowledge activities at each R&D
value chain activity that might lead to the possible loss of
critical R&D knowledge.
By knowing the critical point of R&D knowledge loss from
the findings of those mappings, several criteria for retention of
critical knowledge loss would be suggested for KR Framework
in R&D organizations.
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IV. DATA AND ANALYSIS

TABLE IV.

The mapping of PVC onto the R&D organizational process
is mainly used in R&D standard processes [26]. The R&D
standard processes are well-structured and similar to the PVC
structure [26].
Standard R&D processes into two levels: the organizational
level and the project level [26]. The organizational level
contains organizational processes such as R&D Planning,
Portfolio Management, Idea Management, Intellectual Property
Management, Infrastructure Management, Human Resource
Management, Organizational Performance Management, and
Quality Management The structure of the standard R&D
processes at the organizational level is shown in Fig. 3.
The project level contains support processes and fulfillment
processes. Support processes consist of Project Planning,
Project Monitoring, Gate Assessment, Collaboration Mgt. and
Risk Mgt. while, fulfillment processes consist of Concept
Modelling, Business Feasibility, Specification Definition,
Design, Development, Prototype, Market Test, and Market
Launch. The standard R&D processes at the project level are
shown in Fig. 4.

R&D Components/
Processes

Authors

/Processes








Yoon,
Lee, Lee
& Yoon.
(2015) [26]

Besides standard process mapping [26], some other R&D
processes are also considered in the mapping includes
[27,28,28] to support the works from Yoon, Lee, Lee & Yoon
[26] and some have additional perspectives [28] Table IV
shows the summary of R&D processes, used in this mapping.

Martin
(2014) [28]













Fig. 3. Standard R&D Processes at the Organizational Level.

SUMMARY OF R&D COMPONENTS AND PROCESSES

Kalyp
so (2018)
[27]


Rouss

elon Saadn

& Erickson

(1991) [29]


Fig. 4. Standard R&D Processes at the Project Level.



Organizational
Process
Support Process
Fulfillment Process
















R&D Planning
Portfolio Mgt.
Idea Mgt.
Intellectual Property Mgt.
Infrastructure Mgt.
Human Resource Mgt.
Organizational Performance
Mgt.
Quality Mgt.
Project Planning
Project Monitoring
Gate Assessment
Collaboration Mgt.
Risk Mgt.
Concept Modeling
Business Feasibility
Spesification Definition
Design
Development
Prototype
Market Test
Market Launch










Portfolio Management
Innovation
Project Management
Ip Management
Sourcing
Talent Management
Regulatory Compliance
R&D Operation















Program Analysis
Portfolio Analysis
Portfolio Adjustment
Portfolio Assignment
Project Planning
Project Budgeting
Manpower/Resource Planning
Scheduling
Active Monitoring
Project Analysis
Technology Forecasting
Strategic Planning
Market Forecasting

Foster Ideas
Focus Ideas
Develop Ideas
Prototype And Trials
Regulatory,
Marketing, And
Product Development
Activities
Launch

R&D\Strategy

Priority Setting
Portfolio
Management
Project Management
Strategic Planning
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Based on some similar structures that exist in secondary
activities on PVC and R&D standard processes [26], this study
focused the analysis on the primary activities (PVC) and R&D
standard processes at the project level. Each R&D process in
Table III is grouped based on the PVC activities. However, the
mapping of the R&D processes into PVC activities is rather
difficult because the definition of inbound logistics, operations,
and outbound logistics is more focused on the product.
Therefore, some adjustments on the terminology of the value
chain activities and definitions are suggested because R&D
standard processes are more focused on the research project
rather than the product itself. For Inbound Logistics,
Operations, Outbound Logistics, and Marketing and Sales, new
terminology of the value chain activities for R&D are R&D
Inputs, R&D Work Processes, R&D Outputs, and Realization
respectively. The result of the mapping is shown in Table IV
and the adjustment on the definition is suggested as follows:
 R&D Inputs: Inputs to the research project that is
needed to conduct Research Activities such as project
team member, planning, and funding.

TABLE V.

Primary Activities (Project Level)
Inbound
logistics (R&D
Input)

Operations
(R&D Work
Processes)

Outbound
logistics
(R&D
Output)

Marketing
& Sales
(Realization)

Business
Feasibility

Project
Monitoring

Innovation

Market
Launch

Specification
Definition

Concept
Modelling

Intellectual
Property

Market Test

Portfolio
Analysis

Design

Market
forecasting

Portfolio
adjustment

Development

Launch

Portfolio
assignment

Prototype

Marketing

Sourcing

Scheduling

Project
Analysis
R&D
Operation
Foster Ideas

 R&D Outputs: The output of the research project such
as patents, Innovations, products, and publications
acquired from research activities.

Focus Ideas
Develop
Ideas

 Realization: Established and tested R&D output such
as products and processes are packaged to be marketed
and applied to targeted industries and commercialize
the application of the Research Output to many
industries.

Table V indicates the mapping of the R&D processes onto
the PVC components and is based on the above definitions.
Mapping Inbound Logistics onto R&D Inputs include business
feasibility, specification definition, portfolio analysis, portfolio
adjustment, portfolio assignment, and sourcing.

Servi
ce

Active
Monitoring

 R&D Work Processes: Activities needed to achieve the
objective of the research project such formulation of
the research project, development of ideas, data
collection, development of concept, model, theories by
utilizing the research input.

 Service: Activities of maintaining the R&D output such
as marketed product and processes or usually called
after-sales service.

MAPPING R&D PROCESSES ONTO PORTER VALUE CHAIN
(PVC)

Prototype and
trials
Product dev.
activities
Gate
Assessment

None of the R&D processes could be mapped onto the
service activities because it is not part of R&D processes and
usually under the technical department after the technology has
been transferred within a period. The result of the mapping is
shown in Fig. 6.

R&D Work Processes include project monitoring and
analysis, concept modeling, design, development, scheduling,
active monitoring, R&D operation, fostering and developing
ideas, prototype and trials, product development activities, and
gate assessment.
R&D Outputs include Innovation and Intellectual Property
and mapping Marketing & Sales onto Realization include
market launch, test, and forecasting, launch, and marketing.
Based on the mapping analysis, it can be understood,
Inbound Logistics can be mapped with Research Inputs,
Operations with R&D Work Processes, and Outbound
Logistics with Research Outputs and Marketing and Sales, with
Research Realization [30].
Fig. 5. Result of the PVC Mapping onto R&D Processes.
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As referred to Fig. 5, four primary value chain activities for
the R&D value chain were identified which include R&D
inputs, R&D work processes, R&D Outputs, and Realization.
Whilst Service is more towards technical support and was not
considered as part of R&D processes. As a result, the proposed
R&D value chain is as in Fig. 6.

V. DISCUSSION
As this study is focusing on the criteria for knowledge
retention framework, further discussion on the context of
knowledge aspects for retention of critical knowledge in R&D
organization which is based on the R&D value chain and
knowledge activities is relevant.
From the analysis of mapping PVC onto R&D Processes, it
is discovered that the R&D organization’s value chain has
different primary activities with similar support activities.
These can be seen in the adjustment of the definitions at the
primary activities as well as the absence of the R&D process at
Service activity. The differences proved that R&D and
operational-based organization is different obviously at the
primary activities which perhaps the existing KR framework is
not fit for R&D organizations.

Fig. 6. The R&D Organization Value Chain.

The primary activities in the R&D organization value chain
as in Fig. 6 are then mapped with the knowledge chain model
to identify the point of critical R&D knowledge loss. The
knowledge chain model (KCM) of Holsapple and Singh [17] is
used in this study to identify knowledge chain activities in each
of the R&D value chain activities. The definition of each
primary knowledge chain activity is suggested by Holsapple
and Singh [17] as in Table III.
From the definition of primary knowledge chain activities,
it is understood, each R&D value chain has at least one
knowledge chain activity. Knowledge acquisition and selection
occur at R&D Inputs, knowledge generation and internalization
occur at R&D Work Processes Activities, knowledge
generation and externalization occur at R&D Outputs and
knowledge externalization occurs at Realization. The result of
the mapping of knowledge value chain activities on R&D value
chain activities is shown in Fig. 7.
At this stage, each R&D value chain activity has
knowledge activities and at some R&D activities, it produces
and generates new knowledge.

Fig. 7. R&D Value Chain and Knowledge Chain Activities.

From the KCM mapping onto primary R&D value chain
activities, it is found that knowledge activities occur in each
R&D value chain activity. It is also believed that each
knowledge activity such as knowledge acquisition, selection,
generation, internalization, and externalization has intensively
and extensively occurred from the beginning until the end of
the R&D projects.
R&D Project team which is considered as R&D knowledge
workers play an important role in each R&D and its knowledge
activities. In addition, an expert in the project team plays a
more significant role in the R&D project. According to Joe,
Yoong & Patel [31], “experts are a powerful source of value
creation within organizations and are people who have deep
specialized knowledge of a subject, who are tested and trained,
especially by experience. Expert demonstrates higher levels of
efficiency, performs tasks with greater accuracy and costeffectiveness and holds subject-specific knowledge, such as on
methods and procedures, including knowledge of how to deal
with problems and new situations”. Expert knowledge is also a
valuable organizational resource [32]. To a certain extent, the
experts often do not realize that they possess unique valuable
knowledge, and for cognitive reasons, they are not able to
express this knowledge [33]. In the situation, if an expert
suddenly leaves the organization during the development of a
prototype, where the knowledge generation is just started to be
implemented and no one has the capability similar or nearly
like the expert, it is critical and affects the project progress as
well the performance of the R&D organization. This implies
that an R&D expert is one of the critical points to be seriously
considered for the criteria of KR in R&D organizations.
By looking into the R&D value chain and its knowledge
activities, the tacit and explicit knowledge of each R&D
project team will possibly accumulate over time and at each
R&D value chain activity. The knowledge of the team
gradually and proportionally increased over time and chain
activities. It means that knowledge accumulated at R&D
Outputs activities is more than knowledge accumulated at
R&D Inputs. The knowledge accumulated over time and value
chain activities is an asset to the organization. Losing experts
or project team members at the final stage of the R&D value
chain activities are more critical than at the earlier R&D stages
because more efforts and resources must be invested to make
the project progress as planned. Therefore, the accumulated
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 For expert knowledge transfer, the minimum
knowledge gap between an expert and a successor and
within the R&D project team would be a possible
chance of easy transfer of critical knowledge.
Therefore, the KR framework for R&D organizations
should consider mapping and binding experts and
successors for tacit knowledge transfer. In the case of
the expert and successor have multiple R&D projects.
The transfer shall be based on the project’s point of
view.

knowledge over time and R&D chain activities is found to be
important to be seriously considered where some strategic
action could be possibly done to capture the knowledge as it
progressed.
From the above arguments, expert knowledge and
accumulated R&D project knowledge are two important factors
to be seriously considered for the criteria setting of KR
Framework for R&D organization based on the following
findings:
 R&D organizations are expertise-oriented and not
solely product-oriented organizations. Therefore, in the
context of retention of critical knowledge loss, more
focus should be given to expert knowledge instead of
knowledge of the product and innovation of the R&D
projects at every R&D value chain activity.

 For accumulated R&D project knowledge, each
knowledge activity in R&D value chain activities
should retain the R&D project as it’s progressed to
minimize critical knowledge loss due to retirement and
employee turnover. Therefore, the KR framework
should consider a mechanism for easy transfer, store
and retrieve R&D project knowledge as the project
progressed. It is also important to consider the use of
technology so that knowledge stored procedure would
be easily reinforced, and the organizational memory
would be easy and well-structured, and organized.

 Each R&D project must have project team members
that manage the accumulated R&D project knowledge
at each R&D value chain activity. The accumulated
knowledge in each R&D value chain is important
starting from the R&D Inputs until Realization
activities and it should be easily stored and transferred.
 Each project team consists of several persons that
might have specific and diversified knowledge of the
working R&D projects and come from different
generations. Transfer and sharing activities of tacit
knowledge between members should be done as early
as at the R&D Inputs to prevent knowledge loss.
 Each R&D value chain activity has its knowledge
activities which might hold the critical point of losing
R&D knowledge due to retirement, aging, and turnover
factors. Therefore, each R&D project shall have
documentation at every R&D value chain activity and
stored in organizational memory to prevent the loss of
explicit knowledge.
VI. PROPOSED CRITERIA FOR KR FRAMEWORK
Based on the previous findings derived from the PVC and
KCM analyses in Section V, this study underlines several
criteria on the perspective of critical R&D knowledge loss to
be used as the basis of developing the KR Framework for R&D
organizations. Details of the criteria are as follows:
 Focused on the KR should be given to the retention of
the R&D expert knowledge and potential project team
that might leave the organization. Therefore, the KR
Framework for R&D organization should have a
thorough assessment component and shall be focusing
on the critical R&D expert knowledge so that the
potential leaving critical experts or members of the
project team and a successor could be easily identified
and risk of losing the critical knowledge of the project
team could be minimized and retained as early as
possible. It is also recommended to use some
technology [34], to assist the preparation of the
assessment process and prevent the waste of
organizational resources [10].

VII. CONCLUSION AND FUTURE WORK
Most studies on KR frameworks are based on operationalbased organizations and a lack of focus had been given to
R&D-based organizations. As a first step towards KR
frameworks for R&D organizations, the first part of this study
used mapping of PVC onto R&D processes to identify the
differences between both organizations. From the mapping
analysis, the differences were found at primary activities of
both organizations and proposed an R&D organization value
chain. The second part of this study used the mapping of KCM
onto the proposed R&D organization value chain to identify
knowledge chain activities in the R&D value chain. From the
KCM mapping analysis, expert and accumulated R&D
knowledge factors were identified as a critical point of
potential R&D knowledge loss. Several criteria used as a basis
for the development of the KR framework for R&D
organizations were proposed which were based on several
findings from the result of the mapping analyses.
Some empirical study is suggested for future works to
further extend and examine the findings and streamline the
recommended criteria of the KR framework for R&D
organizations.
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