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Abstract: Promoting the co-constructing and sharing of organizational knowledge and improving organizational performance have always been the core research subject of knowledge management. Existing research focuses on the construction of knowledge management systems and knowledge sharing and transfer mechanisms. With the rapid development and application of cloud computing and big data technology, knowledge management is faced with many problems, such as how to combine with the new generation of information technology, how to achieve integration with organizational business processes, and so on. To solve such problems, this paper proposes a reciprocal collaborative knowledge management model (RCKM model) based on cloud computing technology, reciprocity theory, and collaboration technology. RCKM model includes project group management and cloud computing technology, which can realize management, finance, communication, and quality assurance of multiple projects and solve the problem of business integration with knowledge management. This paper designs evaluation methods of tacit knowledge and reciprocity preference based on the Bayesian formula and analyzes their effect with simulation data. The methods can provide quantitative support for the integration of knowledge management and business management to realize reciprocity and collaboration in the RCKM model. The research found that RCKM model can fully use cloud computing technology to promote the integration of knowledge management and organizational business, and the evaluation method based on the Bayesian formula can provide relatively accurate data support for the evaluation and selection of project team members.
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1  Introduction

Knowledge management is a cross-research field of management and information science, which is widely used in all fields of society. The development of knowledge management has brought great changes to organizational behavior and promoted the progress and development of organizational management technology. In the new economic system, knowledge is the most meaningful one of the manufacturing resources, knowledge capital is the main source of core enterprise competence, and knowledge management is the necessary means to realize the value function of knowledge capital [1]. In application practice, knowledge management with knowledge resources as the core is driven by information technology and focuses on explicit knowledge management. Knowledge management with learning organization as the core emphasizes the generation and sharing of knowledge and focuses on tacit knowledge management [2]. Costa et al. [3] analyzed 45 papers on knowledge management process and innovation, the result showed that all knowledge processes can directly support innovation, among which knowledge creation and knowledge application are the two core processes affecting innovation, while knowledge acquisition and knowledge sharing are the most frequently studied knowledge processes. Zanker et al. [4] tried to integrate the methodology of system dynamics into the domain of knowledge management and believe that system dynamics has great potential to support the creation of new knowledge through the creation of models and simulation. Zhang et al. [5] believe that knowledge management is increasingly showing the characteristics of digitalization, and traditional knowledge management needs to transit to digital knowledge management, to identify and integrate knowledge independently and intelligently, to significantly improve organizational decision-making.

1.1 Problem Statement

With the deepening of knowledge management research and the promotion of its application, knowledge management is more and more widely used in enterprises, but there are many problems with the current application of knowledge management. At present, the new generation of information technology with big data, cloud computing, and artificial intelligence as the core is developing rapidly. Big data technology can directly provide decision support through data processing, and artificial intelligence can support automatic decision-making. Therefore, what role knowledge management can play and how to combine with these technologies are in urgent need of theoretical support and guidance. On the other hand, most of the existing research focuses on how to effectively share and spread tacit knowledge, while there is less research on the integration of knowledge management and business processes. Compared with business processes, knowledge management does not produce direct organizational performance. Therefore, the integration with business processes can make the role of knowledge management more explicit and obtain more support. In the existing literature, there are few studies on the evaluation of tacit knowledge, and few studies on tacit knowledge sharing take the reciprocal preference of knowledge-sharing subjects into account. But in collaborative team knowledge management, how to realize the effective diffusion of tacit knowledge of team members is an important problem needed to be solved [6]. The first problem to be solved in knowledge transfer is the identification of tacit knowledge, that is, how to find and evaluate the tacit knowledge of team members. These problems need to break through the limitations of traditional theories, further introduce new theories, methods, and technologies, and combine knowledge management with actual business processes, to truly play its role and improve the performance of organizations.

1.2 Our Contributions

In the past literature, there were fewer discussions on the integration of knowledge management and business management, and most of them started from knowledge management itself to seeking knowledge management application solutions. This paper provides a new reference framework. The reciprocal and collaborative knowledge management framework based on cloud computing realizes the integration of knowledge management and business process, quantifies the reciprocal preference and tacit knowledge of organizational members, and improves organizational performance through team collaboration.

1.3 Paper Organization

This paper consists of six sections. The first section introduces the background, problem statement, and our contributions. Section 2 discusses the internal relationship between knowledge management, reciprocity theory, and computer-supported cooperative work theory through literature reviews of relevant work. Section 3 describes the method and motivation of this research. Section 4 designs and describes the reciprocal and collaborative knowledge management framework based on cloud computing. Section 5 analyzes and designs the evaluation methods of reciprocity preference and tacit knowledge. Finally, we draw conclusions in Section 6.

2  Related Work

2.1 Influence of Collaboration Technology on Knowledge Management

In the modern information technology environment, collaboration technology is to use various IT hardware, software, and processes to enable organizational members to communicate, coordinate, process information, share resources and make joint decisions both within and across organizational boundaries [7]. Zhong et al. [8] studied the application of collaboration in knowledge management from the perspective of the supply chain and found that collaboration in supply chain knowledge management is to integrate knowledge resources and coordinate various systems within the supply chain and promote the realization of knowledge management goals. Fatfouta et al. [9] proposed a framework of an integrated and collaborative knowledge management framework that integrates the developed ontology as a knowledge model which aims to support simulation-aided design. A decentralized collaborative knowledge management was proposed to support the collaboration on RDF datasets by Natanael et al. [10]. From the perspective of collaboration technology, collaborative activities in knowledge management are mainly the process of generating knowledge achievements with a new and stable structure through the exchange and cooperation of individual behaviors with self-organization status in project management. Communication and sharing of ideas make knowledge management collaborative in nature. Collaborative knowledge management strengthens collaboration through knowledge sharing, lesson learning, problem-solving feedback, and colleagues and communities helping [11]. Collaborative knowledge management emphasizes communication and cooperation and pays more attention to the impact of collective behavior on individual behavior, as well as the knowledge results that collective behavior can produce. The collaboration will act upon the whole process of knowledge management to maximize the role of knowledge management.

Collaboration in knowledge management is mainly to study how to effectively use information technology for knowledge sharing and experience sharing, especially expert knowledge sharing management with communication as the core will be paid more and more attention by researchers [12]. In the collaborative environment of scientific and technological innovation, the use of collaboration technology can effectively solve the problems of lack of technical support and difficulties in resource sharing and process evaluation in the process of scientific research collaboration, as to promote the development of scientific research activities [13]. Reference [14] shows the evolution of cyber-physical infrastructures now offers a way of changing some early assumptions about how knowledge might be captured and displayed. Although many collaborative knowledge management methods and frameworks have been proposed in previous studies, they do not propose specific methods to support collaboration, but only stay at the conceptual level, with no specific means of implementation and evaluation.

2.2 Influence of Reciprocity Theory on Knowledge Management

According to Herbert A. Simon’s “bounded rationality” theory, behavioral economics believes that the economic behavior of economic individuals is dominated by complex motives. There are some concepts of fairness, reciprocity, and altruism in such motives, which are reciprocity preferences. Reciprocal preferences reflected in social and economic activities include (1) willingness to sacrifice their welfare to help those who are friendly to themselves; (2) Willingness to sacrifice their welfare to punish those who are not friendly to themselves [15].

Therefore, through the positive application of the reciprocal preference of the organization, we can effectively overcome the obstacles of tacit knowledge transferred between individuals in the organization and improve the efficiency of tacit knowledge transfer. Some research shows that the reciprocal cultural construction and reciprocal behavior of Research and Development (R&D) teams can significantly promote knowledge socialization and knowledge implicit [16]. In the domain of teaching, reciprocal peer tutoring is used by structured exchange of the tutor role among peers and enables each student to experience the specific benefits derived from providing and receiving academic guidance [17].

The process of knowledge sharing in knowledge management activities is essentially a reciprocal behavior, and its reciprocal motivation conforms to the “bounded rationality” hypothesis of behavioral economics for economic individuals. In the application of an online professional community could, a knowledge seeker’s intention to reciprocate is motivated by perceived social benefits. Knowledge seekers take perceived social benefits and perceived community support into account when forming an intention to reciprocate [18]. In team cooperation, an important means to promote knowledge sharing is to cultivate members’ sense of cooperation. From the perspective of reciprocity theory, the reciprocity preference of individual members always exists, and the key is how to find and use it. Therefore, in the process of knowledge sharing, the means to promote knowledge sharing can be promoted from two aspects. The first one is to build a situation of reciprocal behavior, such as establishing a good cooperation environment, technology platform, etc. The second is to evaluate the reciprocal preference of individuals, to provide support for selecting team members with reciprocal preference and building a reciprocal team.

2.3 Connotation of Reciprocal and Collaborative Knowledge Management

From the analysis of the impact of collaboration technology and reciprocity theory on knowledge management, it can be concluded that collaboration technology is conducive to the transmission and sharing of knowledge in the modern information technology environment. Collaboration technology not only improves the transmission speed of explicit knowledge but also provides a communication platform for the diffusion of tacit knowledge. Reciprocity theory provides a motive basis for the diffusion of tacit knowledge that is to promote the transfer of tacit knowledge by identifying and encouraging the reciprocal preference of tacit knowledge diffusion subjects.

Under the environment of modern information technology, Reciprocal and Collaborative Knowledge Management (RCKM) can be understood as making full use of modern information technology, taking reciprocity theory and collaboration theory as the guidance, team building as the core, cloud computing technology as the basis, serving the whole process of knowledge innovation, knowledge storage, knowledge sharing and knowledge application of various businesses of the organization.

Modern information technology is the main means of knowledge management. In the early stage of knowledge management, the knowledge base was mainly built. But with the development of modern information technology, many new technical means have emerged, especially cloud computing. Cloud computing is the latest distributed computing paradigm and it offers tremendous opportunities to solve large-scale scientific problems [19]. The reciprocity theory provides a theoretical basis for collaborative knowledge management, especially for team building. Team building is the core of collaborative knowledge management. Team building based on reciprocity theory is the institutional basis for collaborative knowledge management. Based on the hypothesis of “economic man”, learning organizations need to constantly increase incentives to keep members sharing knowledge and promote organizational progress. However, this strong incentive has also proved unsustainable in knowledge management. Therefore, under the guidance of reciprocity theory, the construction of a learning organization focuses on cultivating a reciprocal team culture, instead of strong incentives. Only when knowledge management subjects work together effectively, can the collaboration of knowledge management objects be realized [20]. When members have the characteristics of reciprocity, they will spontaneously help each other, share knowledge, and cooperate to achieve the predetermined goals. Cloud computing technology provides members with collaborative technical means to realize file resource sharing, information exchange, and traceability of the collaborative process.

3  Method and Motivation

The study analyzes the current problems in the research and application of knowledge management by literature research and discusses the theoretical basis for solving the problems. Based on the method of software engineering, a reciprocal and collaborative knowledge management framework based on cloud computing is constructed. This paper proposes an evaluation method of reciprocity preference and tacit knowledge based on the Bayesian method and simulates it with simulation data.

According to the theory of computer collaborative support work and reciprocity, this paper plans to design a cloud computing model for reciprocal and collaborative knowledge management. The model can be closely combined with business processes, innovate the evaluation methods of tacit knowledge and reciprocal preferences, and support the application of knowledge management. This paper introduces collaborative theory and cloud computing technology to promote the integration of knowledge management and business processes. In the current form of Economic development, knowledge has become the core element of industry-university research cooperation innovation, and knowledge management is the core content of industry-university research cooperation [21]. On the other hand, collaborative innovation has gradually become the main driving force of development. Collaborative innovation is a new innovation mode in the construction of the innovation system, which mainly solves the problems of effectiveness, efficiency, and lack of effect in collaborative innovation [22]. The research of knowledge management also began to pay more attention to the innovation and collaborative development of knowledge. As an emerging information infrastructure, cloud computing technology is receiving more and more attention. Cloud computing technology provides a strong computing platform that could support massive data storage and big data intelligent applications in different fields [23]. Cloud computing can be used in data processing, such as acquisition, storage, analytics, and visualization [24]. The services of cloud computing include software as a service (SaaS), platform as a service (PaaS), and infrastructure as a service (IaaS). SaaS provides different applications to users in the form of services according to a certain software service agreement. PaaS provides a development environmental platform to users and provides a set of application development platforms or solutions to users in the form of service. IaaS provides various network equipment, servers, databases, storage, and other facilities to users in the form of services [25,26]. At the same time, reciprocity theory is introduced to provide motive power support for collaborative behavior. The development of new-generation information technology provides a solid means of collaboration technology for the application of knowledge management. However, the application of collaboration technology not only requires team members to have corresponding technical capabilities but also the idea of collaboration. Reciprocity theory has proved in behavioral economics that individuals or organizations will be willing to bear short-term personal losses for greater common interests. Collaboration is reciprocal, so reciprocity theory can provide motive power support for collaborative behavior. The research on games shows more reciprocal players had higher bridging social capital and a higher social status [27]. Both perceived community trust and the norm of data-sharing significantly increase scientists’ awareness of academic reciprocity, which significantly affects their data-sharing intentions [28]. Direct reciprocity can promote cooperation. And indirect reciprocity can also become an important mechanism for promoting cooperation among self-interested agents via reputation and norms [29]. In the end, the Bayesian method is applied to evaluate tacit knowledge and reciprocal preference, to achieve quantitative support for collaborative behavior and reciprocal preference. In knowledge management, reciprocal behavior is not the transmission of economic benefits, but the transmission of knowledge. Therefore, it is necessary to evaluate the tacit knowledge of individuals or organizations. Then, based on collaborative behavior, reciprocal preference evaluation is realized to provide quantitative support for the selection of team members. Tacit knowledge is the knowledge existing in the human brain, is difficult to be recorded or quantified, and is often learned in face-to-face interactions. Tacit knowledge is embedded in actions, in experience, and mobilized by the knowledge carrier in a specific context. It includes cognitive and technical elements. The cognitive component refers to an individual’s mental models, i.e., his or her beliefs and preferences. The technical component consists of technical know-how which applies to a specific context [30]. The tacit knowledge diffusion depends on the decision-making of tacit knowledge owners and the expression of explicit knowledge carriers [31]. Knowledge transfer has important implications for the success of entrepreneurial firms, innovation, and organizational form [32].

4  Cloud Computing Model for RCKM

RCKM is designed to solve the collaborative application of knowledge management in the modern information technology environment. This model integrates knowledge management and business process, making them both independent and interrelated. To realize the integration of knowledge management and business project management, the concept of project group management is introduced, and project group management is used to organize and coordinate business project management and knowledge management. At the same time, cloud computing technology provides technical support for management applications.

4.1 Framework of the Cloud Computing Model for RCKM

The cloud computing model for RCKM mainly includes project group management and cloud computing technology. Project group management realizes business project management and project knowledge management, while cloud computing technology realizes technical support for project group management and knowledge management.

Project group management is a new development of modern project management theory. Project group management is to manage the projects in a coordinated way, and to obtain greater overall benefits than that of single project management by the organization of the structure and process of related projects [33]. Fernandes et al. [34] proposed to set up a project group and Project Management Office (PGPMO) dedicated to supporting university enterprise R&D cooperation and divided its functional structure into four aspects: management, finance, communication, and quality assurance. Project group management organizes business project management and knowledge management to promote the sharing of knowledge materials among multiple projects. It can coordinate knowledge managers to participate in business projects to collect business knowledge materials, evaluates business personnel, and provides knowledge support.

The cloud computing platform realizes members’ collaborative communication, massive file storage, and sharing, and knowledge case sharing, mainly including collaborative platform, private cloud disk, knowledge base, case base, etc. Project management is the management of each specific project, including organization management, team management, monitoring and warning, and achievement management. Knowledge management is embedded in the process of project management, including knowledge base support, case management, tacit knowledge evaluation, and reciprocal preference evaluation. Knowledge base support also includes knowledge warehousing, knowledge retrieval, knowledge classification, and so on. Case management is to store knowledge achievements in the knowledge base in the form of cases, to contextualize project knowledge. In this way, with knowledge base support, knowledge managers can quickly recommend relevant knowledge support according to the current project application scenario, without requiring project members to evaluate the availability of knowledge. Thus, the way of knowledge updating can be simplified. Traditionally, knowledge updating is judged according to time or annotated by knowledge managers. With the help of case management and automatic matching according to the project scenario, there is no need to worry about the problem of knowledge expiration. The framework of the cloud computing model for RCKM is shown in Fig. 1.
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Figure 1: Framework of cloud computing model for RCKM

4.1.1 Project Group Management

In the cloud computing model for RCKM, the function of project group management is to manage and coordinate multiple business projects, realize knowledge and resource sharing, and promote the development of the overall business. It mainly includes business management, financial management, communication management, and quality management. The business management module controls the overall business by managing and supervising multiple business-related projects. A business process has multiple projects. Every project is established based on the needs of the business process. The project should solve the organizational and market problems that the business process needs to face. The financial management module manages the allocation of funds. Funds are the main resources allocated among projects, which can improve the effective implementation of the project better. Funds can be allocated according to the importance of the project, organizational strategy, expected income, and other indicators. Communication management refers to the interaction and cooperation between business projects. By organizing the communication between projects, administrators can find their problems and achieve further collaboration. Communication is the core of the new generation of knowledge management. Through communication, we can promote the exchange of tacit knowledge and strengthen the construction of learning organizations. However, the effect of specific tacit knowledge transfer needs to be reflected in the actual work situation and realized through tacit knowledge evaluation. Quality management is used to establish quality assessment standards and conduct KPI assessments for the project. At the same time, it supervises the evaluation of employees’ tacit knowledge and reciprocal preference in knowledge management and incorporates them into the employee assessment system. Quality assurance should ensure that the project can achieve the expected objectives, and summarize the overall business objectives after the completion of the expected objectives of each project, to provide better guidance for the development of the business.

4.1.2 Project Management

In the cloud computing model for RCKM, project management is the management of individual projects in the business, including organization management, team management, monitoring and warning, and result management, to ensure the success of project implementation. Organization management is about how to manage a team. Referring to the learning organization theory, the project leader establishes a project vision and project objectives and allocates the resources of the project. At the same time, it classifies the documents and other material submitted by team members and organizes various collaborative activities of the project. These collaborative activities are carried out on cloud computing platforms. The project leader organizes members to work together to solve problems and achieve expected goals by organizing collaborative activities. Team management refers to the selection and role division of team members by the project leader and the construction of team culture. Project leaders can choose members according to the needs of the team and the characteristics of members, including tacit knowledge and reciprocal preferences. Then they assign the work among the members. Each member must have a clear division of labor to determine its role, to facilitate the subsequent tacit knowledge evaluation and reciprocal preference evaluation. The knowledge manager must be a member of the project team, but its particularity is that the knowledge manager plays more of the role of supervision and knowledge base support in the process of the project. The knowledge manager puts forward suggestions to team organization, timely monitors the progress of team members, finds problems, timely gives the warning, and provides appropriate knowledge support to team members. Knowledge managers can be called to be the guides and supervisors in the team. They are not only responsible for the knowledge support services of team members, but also evaluate the various behaviors of members. Monitoring and warning are the responsibilities shared by the cloud computing platform and knowledge manager. The cloud computing platform can automatically monitor the progress of the warning project, judge the progress of the project according to the set process arrangement, timely remind project leaders and project group administrators, and strengthen schedule management. The knowledge manager timely monitors and intervenes according to the behavior of members in the project. Result management is to classify and manage the results of the completed projects. The results should include the project background, project objectives, achievements, etc. Project results will be turned into important content of the case base, and the knowledge manager needs to assist the project leader to organize the project results and sort them out according to certain requirements, to facilitate the filing and use in the case base.

4.1.3 Knowledge Management

In the cloud computing model for RCKM, knowledge management is to manage and utilize knowledge resources to provide knowledge support, supervision, and evaluation for business projects. It mainly includes knowledge base management, case management, tacit knowledge evaluation, and reciprocal preference evaluation. Knowledge base management has always been the core of knowledge management. The knowledge base is managed by the knowledge manager. With the identification, classification, storage, and presentation of knowledge, it is convenient to support project activities. And because the knowledge manager is a project member at the same time, it is conducive to providing support to project members at any time during the implementation of the project. With the support of the knowledge base, the knowledge manager will become the thinking tank of the whole project. Therefore, knowledge managers should have high information literacy and knowledge management ability. Case management is the management of previous project processes and experience materials. It is stored in the knowledge base and exists as a part of the knowledge base. At the same time, it is different from the conventional knowledge base. The case base provides a complete knowledge application scenario, so it has more reference value for the project. The traditional knowledge base can only provide relevant knowledge for a certain problem or theme, while the case base combines knowledge with application scenarios to directly provide a replicable experience, which is conducive to process optimization and knowledge transfer. Tacit knowledge evaluation management is used to manage the tacit knowledge rating of members and evaluate the tacit knowledge of members. The tacit knowledge assessment based on the Bayesian formula can evaluate the tacit knowledge mastery probability of employees according to their achievements and behaviors, to provide the data basis for the selection and assessment of members, which is more conducive to the identification and selection of project members. Reciprocal preference evaluation management is to manage and assess the reciprocal preference level of members, to provide the basis for performance evaluation and team member selection. The knowledge manager evaluates the mutual aid behavior of members in the collaboration platform. The identification of mutual aid behavior should be operable. Mutual aid must be completed on the collaboration platform with corresponding log records. The mutual aid behavior of employee A is not only to help employee B solve the business problems in a project but also employee A’s tacit knowledge in this field should be higher than employee B’s. High tacit knowledge owners can promote the flow of tacit knowledge to low tacit knowledge owners. Otherwise, it can only be regarded as an inspiration, rather than a transfer of tacit knowledge.

4.1.4 Cloud Computing Platform

Cloud computing platform provides scalable and high-capacity cloud services, providing a basic IT environment for RCKM. Its main functions include a collaborative platform, private cloud disk, knowledge base, and case base. The collaborative platform includes a lot of information tools based on cloud computing technology, such as E-mail, instant messaging software, etc. Seven major collaborative activities require component or collaborative system support, including explicit communication, indirect communication, coordination of actions, planning, monitoring, aid, and protection [35]. Private cloud disk achieves the functions of document management, system security, and system log auditing. The major functions of the private cloud disk include file management, shared file management, and external link management. It supports the operation of setting permissions of CRUD (Create, Retrieve, Update, and Delete) for shared files. An external link is to establish folders and files to be shared with external visitors, thereby expanding the scope of the application. The knowledge and case bases are the foundation and technical realization of the overall platform. They save and display all kinds of knowledge and cases, and provide the technical basis for knowledge management applications. Both are built on cloud computing platforms to ensure the continuous expansion of storage capacity and high availability.

4.2 Process of RCKM

The process of RCKM takes project group management as the core, including the project management process and project knowledge management process. The project management process includes the processes of creating projects, selecting members, making plans, team-working, solving problems, and providing results reports. The project knowledge management process includes the process of database support, case formation, tacit knowledge evaluation, and reciprocal preference evaluation. As shown in Fig. 2.
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Figure 2: Process chart of RCKM

Project group management realizes the optimization of resource allocation through the collaboration between projects. Creating a project is the first step in the project management process. According to the needs of organizational development, setting different projects will be to achieve organizational goals in the form of a project group. The second step is to select members. The main goal of selecting members is to establish a project team. The project team should be a collection of members who can work together to achieve the project goals. The composition of the team should refer to the evaluation of members’ characteristics, selection of different types of members, and then jointly formulate team goals, build a learning organization, and achieve the improvement of their ability and the achievement of project goals in the implementation of project work. Collaborative work requires a reasonable division of labor, and members need information and make plans together. At this time, it needs the support of a knowledge base. The knowledge base provides some basic working knowledge and cases for the reference of the project team. Solving problems and providing results are the goals and keys of the project team. Project members work together to complete the corresponding work content, solve the problems that the organization needs to solve, and form the corresponding results. These problem-solving processes and corresponding results are not only recorded in the employee’s files but also used as the bases for evaluation.

With process tracing, RCKM provides the knowledge base and case base needed in the process of the project in time, a better understanding of the application scenario of the project, and provides support for a case summary. The formation of cases is to refine and summarize according to the situation of the project so that it can become a reference case and be saved in the case base. Tacit knowledge evaluation is based on the results of members and the behavior of solving problems in the project, and gives the probability of tacit knowledge, to provide the basis for the next project team composition. Reciprocity preference evaluation is to calculate the reciprocity preference of members according to the mutual aid behavior of members in the process of the project, to calculate the probability of reciprocity preference, and provide one reference factor for the next team composition.

A team should be built by members with high probabilities of mastering tacit knowledge and reciprocity preference. All members are capable of completing tasks by themselves and spontaneously helping others complete project tasks. The member with a high probability of mastering tacit knowledge and a low probability of reciprocity preference can only be completed independently, but cannot help others, which is not conducive to the cultivation of new members. The members with a low probability of mastering tacit knowledge and a high probability of reciprocity preference are keen to cultivate new members. Such members are very helpful in the cultivation of new members. At the same time, they are also in the process of gradually improving tacit knowledge and need to further cultivate professional ability. The members with a low probability of mastering tacit knowledge and a low probability of reciprocity preference are new members or incompetent members, which need to be carefully identified and adjusted in time.

When the project is completed, the knowledge manager needs to catalog, classify and save the project results according to the project results data, and write the name, summary, keywords, and other information for the project cases. The abstract mainly includes four contents: application scenarios, main technologies and methods, implementation points, and results. Keywords are used to analyze the word frequency of document results, and to obtain key information for subsequent retrieval.

5  Tacit Knowledge and Reciprocal Preference Evaluation Method

5.1 Tacit Knowledge Evaluation Method

Tacit knowledge refers to action-oriented knowledge, which is procedural. Its acquisition generally does not need the help of others, and it can promote individuals to achieve their own value goals [36]. Tacit knowledge in scientific research teams is the key source of improving individual competitive advantage [37]. In high-tech enterprises, tacit knowledge is the main intellectual capital of R&D teams [38].

Tacit knowledge is unspeakable and does exist. For example, the attitude of experts in the evaluation, the doctors’ understanding of patients’ conditions, and the teachers’ evaluation of students’ learning state all affect the choice of follow-up behavior. Although tacit knowledge cannot be expressed explicitly, it will produce practical results. There are also many studies on the measurement methods of tacit knowledge transfer. The learning effect of tacit knowledge can be measured by learning rate and learning degree. The learning rate reflects learning efficiency, the learning degree describes the level of knowledge growth, and the task is the external key factor to stimulating tacit knowledge learning. However, it only expresses the classification assumption of tacit knowledge stock and increment and does not give the actual measurement method. Its research method of promoting tacit knowledge learning through tasks is very enlightening [39]. An index system for the evaluation of College Teachers’ tacit knowledge-sharing ability was built by designed questions, determined weights, and selection methods [40]. In the above research, the evaluation and measurement of tacit knowledge are mainly based on tacit knowledge-sharing models and indicators, and there is a lack of evaluation and measurement of tacit knowledge itself. This paper uses BKT knowledge tracing theory [41,42] for reference and uses the Bayesian formula to calculate the probability of tacit knowledge mastery.

Because tacit knowledge itself is not visible, and there is no certain standard, it can only be measured from the process or result of the transfer, rather than directly measured. The purpose of knowledge transfer is knowledge innovation. The innovative achievements are obvious and explicit. Therefore, it is feasible to evaluate tacit knowledge with knowledge innovation achievements and behaviors.

In RCKM, the tacit knowledge evaluation of members is mainly calculated by the knowledge manager through the Bayesian formula, such as Eq. (1), according to the results and problem-solving of project members.

P(Bk|A)=P(Bk)P(A|Bk)P(Bk)P(A|Bk)+P(Bk¯)P(A|Bk¯)(1)

Through calculation, the tacit knowledge mastery probability of members in this field is obtained, to provide references for future project team organization. According to the Bayesian formula, tacit knowledge mastery is defined as event B, and the behavior of using tacit knowledge to solve problems is defined as event A. Calculate the probability of B by the count of occurrences of event A, to obtain a relatively accurate probability of employees’ tacit knowledge mastery. Taking a software project as an example, the event that the software project passes the acceptance is A, and the tacit knowledge in the project field is B, as shown in Table 1.
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This probability assumption is in line with the actual situation. Software project managers with more tacit knowledge of the specific field have a higher probability of completing a project. Managers with little tacit knowledge of the specific field have a very low probability of completing a project. So, a very low probability can be set for the initial tacit knowledge state, indicating that it is very difficult. Then calculate the tacit knowledge of the managers according to the count of completed software projects. The calculation results between the count of completed projects and the mastery of tacit knowledge in the field are shown in Table 2.
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It can be seen that if it is difficult to complete, the probability of mastering the tacit knowledge in this field can be confirmed to be 1 with more count than three completed projects. Similarly, the connotation of tacit knowledge in the representation field is the same when the completed project is transformed into the solution to core problems.

From the above calculation, it can be found that if the correlation between event A and event B is regarded as the process of transforming tacit knowledge into actual results, and this transformation is defined as the transformation probability, there are two states of tacit knowledge mastery in tacit knowledge evaluation, namely, mastery and non-mastery, then Eq. (1) can be simplified to a more targeted Eq. (2).

P(Ln)=P(Ln−1)P(T)P(Ln−1)P(T)+(1−P(Ln−1))P(R)(2)

n >= 1, P(L0) is the initial state, and the connotation of the parameters of the equation is shown in Table 3.
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This Eq. (2) is derived based on the Bayesian formula, which is used to calculate the mastery state of tacit knowledge. It can be used to evaluate the tacit knowledge of organization members, effectively organize teams, and carry out performance evaluations. The operation diagram of this method is shown in Fig. 3. The evaluation of tacit knowledge is based on evidence, which comes from various achievements in the cloud platform, such as reports, project experiences, articles, books, etc.
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Figure 3: Operation diagram of tacit knowledge evaluation

5.2 Reciprocal Preference Evaluation Method

When individuals think that knowledge belongs to individuals rather than teams, they will be exclusive. Individuals think that sharing knowledge will weaken their competitive advantage and inhibit their willingness to share knowledge [43]. From the view of technology, collaborative filtering has been a widely used technique in recommender systems. It generates recommendations by leveraging the user-item interactions derived from historical data [44]. At the same time, the collaborative activity requires a structured and open environment where individuals can actively exchange and elaborate their ideas to achieve a high-quality problem-solving solution. The use of a concept map has been extensively implemented to facilitate idea generation and maintain shared focus during discussion [45]. Therefore, teams need to build a reciprocal culture and improve individual reciprocal preferences. The identification of members’ reciprocal preferences is mainly to judge members’ reciprocal preferences through the mutually supportive behaviors among members in the cloud computing platform. Analogically, reciprocal preference can also establish quantitative indicators. Similar to tacit knowledge evaluation, reciprocity preference probability can be calculated by the Bayesian formula. Therefore, based on the Bayesian formula, the same derivation method as Eq. (2) is used to derive Eq. (3) to calculate the probability of reciprocity preference.

P(Hn)=P(Hn−1)P(T)P(Hn−1)P(T)+(1−P(Hn−1))P(R)(3)

n >= 1, P(H0) is the initial state, and the connotation of the parameters of Eq. (3) is shown in Table 4.
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Specifically, assuming that members have reciprocal preferences, the probability is P(Hn). The corresponding event is the probability P(T) that the reciprocal preference is transformed into mutual aid events. Mutual aid events include assisting other new members in the project to achieve project goals or solve a problem. Here, mutual aid events must be understood as members using their domain tacit knowledge to help other members achieve their goals. If they only provide help, but their tacit knowledge cannot be determined, their behavior should not be considered as having a reciprocal preference. If the probability of mastering tacit knowledge among members is equal, it should be considered that there is no tacit knowledge transfer. Their mutual aid should be not added to the calculation of reciprocal preference probability.

For example, in an enterprise, when evaluating employees’ reciprocal preferences, according to the assumptions in the above table, P(H0)=0.5, P(T) = 0.6, P(R)=0.5. Substituting the above assumptions into Eq. (3), the calculation results are shown in Table 5.

[image: images]

It can be seen from the above table that the more mutual aid, the higher the probability of reciprocity preference. When the count of mutual aid reaches 30, the reciprocity preference probability can reach 1. When a member’s probability equals 1, it can recognize that he has a complete reciprocity reference. Therefore, selecting team members with reciprocal preferences by reciprocity evaluation will help to improve the performance of tacit knowledge sharing. The operation diagram of this method is shown in Fig. 4. Reciprocity preference evaluation is based on evidence that comes from various records in the cloud platform, such as mutual aid logs, number of file shares, discussion records, guidance records, etc.
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Figure 4: Operation diagram of reciprocity preference evaluation

The data used in the reciprocity preference evaluation mainly comes from various records and logs of the cloud platform. Therefore, organizational members should be encouraged to actively use various collaboration tools of the cloud platform to collect behavioral data of organizational members naturally. At the same time, it is needed to form online records of all kinds of offline seminars, exchanges, and discussions, which are not only conducive to analysis and backtracking but also convenient for evaluation. In this process, knowledge managers should play a more active role in changing business work from offline to online.

6  Conclusions

RCKM takes collaboration as the core and carries out knowledge management with the basis of cloud computing technology, breaking through the traditional problem of separating knowledge management from business processes. Through project team management, the collaborative behavior of the organization members can be strengthened, which is conducive to gradually forming an advantageous project team, highlighting the organizational characteristics, and establishing a dominant position in a certain field. The collaborative characteristics of RCKM are reflected in the synchronization between project and knowledge management and the collaboration in the process of the project itself, which organically integrates project management and knowledge management. On the other hand, the collaboration between members is not only reflected in the work, but also the assessment. Assessment makes members more inclined to help colleagues so that while maximizing the overall interests, individuals can also obtain personal benefits in the collaboration. Mutual benefits between individuals and between individuals and organizations are conducive to the establishment of a close cooperative learning organization.

For the application and implementation of RCKM in various organizations, this paper puts forward suggestions from four aspects, e.g., strengthening collaborative management, strengthening the capacity-building of knowledge managers, strengthening the construction of reciprocal teams, and strengthening the integration of knowledge management and business processes.

Strengthen collaborative capacity by adopting project group management, and promote the development of organizational members. At present, few enterprises and organizations adopt project group management, and most of them complete the corresponding work with project management. For organizational members, the completion of a project has no other benefits except the improvement of experience and the completion of performance appraisal. But project group management is conducive to promoting the cognition of the whole project group. If the project group is advantageous, it has more room for members’ growth and development. If the project group is weak, members need to consider how to make it stronger; if it can’t become stronger, they should change their thoughts as soon as possible, improve their ability, and move closer to the advantageous project group.

Strengthen the capacity-building of knowledge managers to give better play to the role of knowledge management, and improve the level of knowledge sharing within the organization. In RCKM, knowledge managers play an important role. They perform many functions in the team, such as think tanks, experts, supervisors, and so on. They should give full play to their role and set up a separate role in the project organization to complete the task of knowledge management. But the knowledge managers do not undertake specific tasks during the completion of the projects. So there is a risk of marginalization for them. Therefore, it is necessary to solidify its responsibilities, and then the knowledge manager can guide the work of members, rather than sit on the sidelines and just be a spectator. Moreover, knowledge managers have the authority of human resource management, can evaluate employees’ tacit knowledge and reciprocal preferences, and therefore have independent team functions. And because the main role of knowledge managers is to provide knowledge management, they can participate in multiple teams at the same time.

Strengthen the construction of reciprocal teams to let team members share knowledge, promote knowledge transfer, and improve team efficiency in a favorable atmosphere of mutual aid. In the construction of reciprocal teams, it should strengthen cultural construction, cultivate a good working atmosphere and sharing atmosphere, and make members help each other to improve efficiency. There are spontaneous communities of practice in technology-based small and medium-sized enterprises. Such enterprises should actively promote the development of practice communities and establish a cultural atmosphere of trust and reciprocity, to improve work efficiency and obtain more social wealth [46].

Strengthen the integration of knowledge management and business processes to improve organizational performance. Integrating with management information systems and deploying an incentive mechanism to trigger stakeholders’ participation in using/reusing knowledge resources are useful to promote organizational performance [47]. Based on the project mechanism, the workflow is decomposed and organically integrated with the knowledge management process, so that the project process can be tracked. The work of project management and knowledge management is an organic whole. Traditionally knowledge management is taken as an auxiliary work and now as a part of a necessary work, to improve overall business efficiency. Infiltrate knowledge management into the project process, and further refine it with the support of cloud computing technology, to provide better support for the development and evaluation of members.

The limitation of this paper lies in how the reciprocal preference and tacit knowledge evaluation value promote each other with the existing personnel evaluation system in practical application, as well as the specific technical means for obtaining the evaluation data, and the use of the evaluation data.

The future work is to make more applications in enterprises and organizations, and use big data analysis to further explore the relationship between reciprocal preferences, tacit knowledge, and individual performance levels. On the other hand, it is necessary to research to build a corresponding management system and rules so that the knowledge management professionals in the human resources department can manage and collect relevant evaluation data.
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Table 1: Evaluation of tacit knowledge mastery probability

Probability Implication

P(4|B) =0.8 The probability of passing the acceptance after mastering the tacit knowledge
in the field of the project is 0.8

P (Z |B) =02 The probability of failing to pass the acceptance after mastering the tacit

knowledge in the project field is 0.2

P (A|§) =0.01 The probability of passing the acceptance without mastering the tacit
knowledge in the field of the project is 0.01

P (Z|§) =0.99 The probability of failing to pass the acceptance without mastering the tacit
knowledge in the field of the project is 0.99
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Table 3: Parameters of tacit knowledge evaluation

Probability ~ Implication

P(L) Tacit knowledge mastery probability
P (L) Initial tacit knowledge mastery probability
P(T) Transformation probability of corresponding behavior with domain tacit knowledge

P(R) Random probability of corresponding behavior without domain tacit knowledge
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Table 4: Parameters of reciprocity preference evaluation

Probability ~ Implication

P(H,) Reciprocal preference probability

P (H,) Initial reciprocal preference probability

P(T) Behavior transformation probability of helping a new employee with reciprocal
preference

P(R) Behavior random probability of helping a new employee with reciprocal preference
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Table 2: Process data of tacit knowledge mastery probability evaluation

Count of completed items Tacit knowledge mastery probability

1 0.45
2 0.98
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Table 5: Process data of reciprocity preference evaluation

Count of mutual aid Reciprocity preference probability
1 0.55
2 0.59
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