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Abstract

The purpose of this research is to propose a method for the transfer of knowledge and skills in project management (PM) based on techniques in knowledge management (KM). The literature contains studies on methods to extract experiential knowledge in PM, but few studies exist that focus on methods to convert extracted knowledge into practical knowledge and transfer it to learners. This research proposes a model of PM skills transfer management, which consists of a PM knowledge extraction phase, PM knowledge recognition phase, practical knowledge transfer phase, and practical knowledge evaluation phase, and examines the model's effectiveness.

1.
Introduction
Generally, in PM education, the acquisition of both basic knowledge and practical skills is important, but it has been pointed out that the former is more frequently acquired than the latter. With regard to practical training in PM, although a traditional apprenticeship system is effective, introducing such a system is not realistic in educational institutions. Many companies and educational institutions employ on-the-job training or group learning, but it cannot necessarily be said that such methods have been greatly effective in terms of the acquisition of practical skills. As a precondition for conducting practical training in PM, it is important that trainers be able to accurately convey the practical skills of capable project managers to learners. Sophisticated practical PM skills are akin to tacit knowledge, and systems or methods—which have been studied regarding the effective transfer of such skills—include the extraction of experiential knowledge in PM based on analysis of failures and their causes [1], knowledge transfer through design process analysis [2], the extraction and development of best practices based on the SECI process [3], and an apprenticeship system. However, there have been few studies that approach these methods systematically. If methods to create and utilize practical knowledge in KM [5], run simulations of an artificial society known as multi-agent simulation (MAS) [6], and generate new ideas through a World Café [7] are applied to methods of transferring practical knowledge in PM, it would become possible to acquire practical knowledge in PM highly effectively. Moreover, such application would lead to a systematization of knowledge on practical training in PM as an educational method. 
This research proposes a model of PM skills transfer, which consists of a PM knowledge extraction phase, PM knowledge recognition phase, practical knowledge transfer phase, and practical knowledge evaluation phase, and discusses a KM-based process of PM skills transfer.

1.1 Research Objectives
The objectives of this research are to examine the following.

(1) Vitalization of a community of PM experts.

(2) A process of conversion from explicit knowledge and tacit knowledge in PM to practical knowledge.

(3) A PM skills transfer management maturity model.

2.
The Process of PM Skills Transfer
2.1     The Implementation Process of PM Skills Transfer Management 

As the current state of PM knowledge transfer, despite great needs for the transfer of the know-how and knowledge of experts in various fields to learners, efforts to meet the needs have not been active. In the field of PM, knowledge transfer has not been sufficient because of insufficient training or education, a lack of a sense of mutual support, and little action taken in the workplace.

The process consists of a PM skills transfer management maturity model (PMST3M), key process areas, common features, and key practices[8]. The PMST3M describes levels achieved in the process: key process areas are clusters of activities pursued to achieve goals; common features are those of key process areas that are institutionalized; and key practices are those contributing to the institutionalization of key process areas.

2.2     The PM Skills Transfer Management Maturity Model

This research proposes a PMST3M which is constructed based on the project management maturity model (PMMM). Figure 1 shows five levels defined in the PMST3M as well as the management process. If PM skills transfer management is implemented in a project and if a higher level is achieved in the relevant PMST3M, an improvement can be expected to occur in terms of the extent of PM skills transfer. The levels considered in the PMST3M are defined as follows.

Level 1 (Chaotic condition)

PM skills transfer occurs in a haphazard fashion, leading to a chaotic situation. There is no streamlined process: PM skills are transferred to project managers and project members individually. It is difficult to make project stakeholders satisfied.
Level 2 (Documentation, repetition)

Documentation on PM skill transfer is prepared. A basic management process, which controls various types of PM skills transfer, is established. There are necessary rules in place for improving on or promoting similar PM skills transfers from the past.
Level 3 (Defined process)

The management of and processes for improving or promoting PM skills transfer are defined and documented in a consistent manner.
Level 4 (Managed process)

Plans for improving or promoting PM skills transfer as well as detailed plans and operational methods for evaluation procedures are established. Data from evaluations are collected. The process for improving or promoting the transferring PM skills is understood and controlled qualitatively and quantitatively.
Level 5 (Integrated process)

Due to not only quantitative feedback from processes of improving and promoting PM skill transfer, but also trials of innovative ideas and techniques, skills transfer can be conducted continually and becomes integrated and optimized.
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Fig.1 :  Five Levels in the PMST3Mas well as the Management Process

2.3    The Key Processes, Common Features, and Key Practices in PM Skills Transfer 
Management

Figures 2 and 3 shows the key processes, common features, and key practices in PM skills transfer management. As for the key process areas in Figure 2, the characteristics of the processes are listed for each level on the PMST3M. For example, Level 3 includes inter-organizational processes, training programs, cross-group coordination, and peer reviews. Figure 5 shows the relationship between common features and key practices in PM skills transfer management. Common features are divided into five types: commitment to perform, ability to perform, activities performed, measurement and analysis, and the verification of implementation. Actual actions associated with these are key practices. For example, key practices under the common feature "ability to perform" are "duty and resources", "transfer of authority", "training", and "orientation". The key processes and common features are defined for maturity level 3.For example, for organizational processes, the key process is the standardization of PM skill transfer management, and the common feature is commitment to perform. For training programs, the key process is the creation of training programs relevant to PM skills transfer management for different types of knowledge, and the common feature is commitment to perform; for peer reviews, the key process is mutual peer reviews regarding PM skills transfer, and the common feature is the verification of implementation.
2.4     A PM Skill Transfer Management Model
l

Figure 4 shows a PM skills transfer management model. This model consists of a PM practical knowledge extraction phase, practical knowledge recognition phase, practical knowledge 
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Fig.2 : Key Process & Common Features for Maturity Model
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Fig.3： Common Features & Key Practice for Maturity Model

transfer phase, and practical knowledge evaluation phase. In the extraction phase, facilitators, a world café (WC), and MAS are introduced, communities are vitalized, and knowledge from 
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Fig.4 : PM Skills Transfer Management Model

experts is extracted. In the recognition phase, whether the extracted knowledge is practical knowledge is judged. If it is not, a practical knowledge management method, which takes into account relationships, thoughts, subjectivity, and beliefs needed in practical knowledge, is introduced [5]. In the knowledge transfer phase, PM knowledge is converted into practical knowledge through the WC. Lastly, in the evaluation phase, a PMST3M is proposed.
3.     Examination of PM Skills Transfer Management Model
3.1    Vitalization of Expert Communities

The MAS considered in this research sees an expert community as an artificial society and simulates the actions (knowledge transfer) of experts (agents) in the community to easily extract explicit knowledge or tacit knowledge regarding PM from experts. This research uses MAS to extract consistent PM skills from experts. Figure 5 and 6 show the results of MAS analysis regarding the amount of knowledge transferred from experts in three types of communities, A, B, and C. The figures 5 on the left and right shows the actions (as reflected in the amount of knowledge transferred) of agents (experts) in the case without facilitators and the case with facilitators, respectively. In the former case, agents' moves lack directionality; however, in the latter case, directionality appears in agents' moves. This implies a shift from a free, independent community to an "incentive community". 
The two figures of the figure 6 show the time needed to complete knowledge transfer for the case without facilitators and the case with facilitators. In the latter case, convergence occurs more quickly, and the amount of knowledge transferred is larger. Table 1 shows the conditions imposed on agents in MAS.

Table 1 : Conditions imposed on agents in MAS
	Team
	Number of Agent 
	Quantity of

Knowledge 
	Motivation 

	A
	5 
	1 (Little) 
	3 (High) 

	B
	8 
	2 (Middle) 
	2 (Middle) 

	C
	15 
	3 (Many) 
	1 (Low) 


3.2    Peer Reviews through a WC
Level 3 of the PMST3M includes peer reviews whose associated common feature and key practice are the verification of implementation and reviews by project managers, respectively. Figure 7 shows the structure of peer reviews (extraction of PM skills) through the WC considered in this research. The main characteristics of the WC are the feasibility of exploring given themes, cross-pollination of knowledge generated through conversation and resultant further development of ideas, and common visions obtained within a short period of time. In this research, a WC is introduced in extracting PM skills. A WC was set up with the participation of university students who conduct PM experiments in their class. The theme of the WC was "What are practical plans and action proposals for a short-term project on a PM experiment?" Each participant joined one of three groups: facilitators, group hosts, and members. The participants then held many rounds of discussions and prepared their final proposals. The proposals included (1) creating a work breakdown structure which takes into account the difficulty of tasks, (2) setting up team rules at the beginning, (3) understanding  and utilizing member characteristics, (4) working hard and resting at appropriate times, (5) having compassion for others, and (6) accumulating experiences and practical knowledge. In this experiment associated with PMST3M Level 3, proposals regarding methods to extract PM skills were obtained through a WC. It is expected that one can similarly obtain solutions regarding the extraction of PM skills in wider areas by creating more themes for a WC.
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Fig.5 : Results of Multi Agent Simulation (MAS)
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Fig.6 : Results of Multi Agent Simulation (MAS)
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Fig.7 : Structure of Peer Reviews through the World Café

4.     Conclusions
This research can be summarized as follows.

(1) A model of the management of PM skills transfer was proposed which consists of a PM knowledge extraction phase, PM knowledge recognition phase, practical knowledge transfer phase, and practical knowledge evaluation phase.

(2) The research found, through MAS, that expert communities for knowledge extraction can be vitalized.

(3) A PM skills transfer management maturity model (PMST3M) was proposed that is capable of evaluating PM skills transfer management.

(4) The PMST3M was examined after observing the vitalization of expert communities in MAS and a WC and extracting PM skills through the WC.
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