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1. Introduction 
The organizational structure of museums has its particularity. On the one hand, as a non-profit public sector, museum’s public mission makes its organizational structure reflect the traditional organizational functions corresponding to public interests, such as collection, preservation, exhibition, education, archives management and academic research. In addition, because of its close relationship with the government and other public welfare organizations, the organizational structure of museums is easily restricted by the government and other stakeholders. On the other hand, in order to save social costs and improve service quality, museums have gradually derived commercial functions in the process of organizational reengineering to support the expenditure of non-profit functions. This article will take the British Museum and the Palace Museum as examples to analyze the current organizational structure of the museum.
With the rapid development of science and technology, informatization and digitalization have created a new business model, which has brought profound changes to Museum departments, both in the external ecosystem of the organization and in the internal function and structure of the organization. Technology promotes the reconstruction of Museum ecosystem, forcing organizations to seek more flexible internal structure to cope with changes in the external environment. On the contrary, technology also enables museums to actively enact the environment and evolve the organizational ecosystem through the expansion of organizational functions, organizational structure innovation, operation mode optimization, process transformation and so on.
Under this background, digital technology penetrates into all aspects of the organizational structure reform of museums, and promotes its development in a new direction in the future. From the industrial point of view, organizations grow many new “tentacles”, linking more physical nodes with virtual nodes, forming a museum ecosystem across geographical space, beyond time constraints and covering more industries. From the perspective of museum function and structure, as shown in Figure 1, digital technology has changed the connotation and manifestation of both Museum traditional and commercial functions, as follows: digitalization of collection archives function; integration of exhibition experience into 3D visual technology and virtual technology; virtualization and commercialization of museum education function; more active academic research cooperation; and commercialization of IP authorization of digital exhibits. Corresponding to the organizational function, the evolution of Museum organizational structure in the future may have the following trends: cross-regional chain, information and IP authorization departments will be independent and strong, education departments will be divided and commercialized, and virtual organizations will appear widely. At the same time, museums will also face new challenges caused by virtual museums eroding the functions of physical museums and extensive authorization for Museum Brand management.
2. Organizational structure theory and trends 
2.1 Organizational structure theory
(1) Organizational Ecosystem 
The organizational ecosystem is a metaphor, which puts the relationship between social organizations under the frameworks of biological ecosystem, links the increasingly complex network social structure through loose or close ties between units, thus to better understand the ties that bind organizations together. Although some scholars pointed out that the originator of organizational ecosystem did not have a biological background, whether it is useful to treat and understand human social phenomena as an ecosystem remains to be discussed(Mars, Bronstein and Lusch, 2012), this does not diminish its great potential when used correctly. Mars and Bronstein (2018) indicated that ecosystems, including natural ecosystems, have five characteristics: “1) a series of interactive nodes, 2) information and resources flow among nodes, 3) the strength and direction of each node are different, with positive, neutral and negative impacts, 4) the establishment and disappearance of nodes are dynamic, and 5) nodes are self-contained”. The strengthening and weakening of bonds between nodes are also in dynamic change, “the introduction or rapid growth of a new “species” may destabilize, rather than stabilize, a network”, while the “nestedness” of organizations helps to stabilize the network structure and reduce market risk (Mars and Bronstein, 2018).
[bookmark: _Hlk7773014][bookmark: _Hlk7197155]In an ecosystem, the organization must deal with the impact of other nodes on it, on the contrary, an organization can also adjust its ecosystem subsequently by “directly acting” upon the environment, namely enactment, which thus has “the capacity to create ecological change” (Nicholson,1995). Karl E. Weick (2003) explained in more depth that enacting “is visible in emerging organizational structures, redesign, and reorganizing”, and it “may begin as an expectation embedded in a reification, which often has material consequences”. Scientific technology enables museums to actively influence their ecosystem, and through the evolution of organizational structure and the redesign of processes, museum can establish new exchanges and interactions with the external environment, thus changing the network of the nodes. The new ecosystem is embeding to a more complex virtual network, which is boundaryless, relying on internet platforms, portals, social media and so on, which will greatly expand the covering industries and geographic space. The more diverse the functions of museums are, the more nested their external links are, the more stable their ecological network structure is, which will contribute to the survival of museums.
(2) Virtual Organization
Virtual organization is “a flexible network of independent entities linked by information technology to share skills, knowledge and access to others’ expertise in non-traditional ways” (Pang, 2001). It can be understood as a goal-oriented enterprise composed of multiple members (Workman, 2005). Although its members are located in a dispersed geographical space, technical media communication integrates them together to achieve the task. Virtual organizations are not suitable for the management mode of traditional organizational system. Because they are dynamic and changing, their organizational structures are no fixed (Culo, Skendrovic,2009). Mowshowitz (2002) pointed out that the process of virtual organization could be coordinated in three levels, which are group level, organizational level and inter-organizational level. The results of virtualization generate various of forms, virtual team, virtual project, temporary virtual organization and permanent virtual organization (Galbraith, 2005). 
The advantages of virtual organization are obvious. It can quickly pool expert resources, share the core competence of each member and realize the integration and utilization of external resources, so as to have a strong structural cost advantage to adapt to the rapidly changing needs (Culo, Ksenija, 2016). However, how to ensure coordination and control in a virtual organization has become a key challenge. Due to the diversity of virtual team members’ abilities, the instability of roles within the virtual team and the unclear division, the complexity of communication will be caused (Culo, Skendrovic,2009). Due to the lack of “face-to-face” communication, some informal information exchange is actually limited in time and space. Therefore, when managing across boundaries, some tasks may require more structured or formal relationships, while others may require less structured or formal relationships. From this perspective, virtual structures have applicability, highly technical and highly specialized tasks that are better suited to virtual organizations than conventional transactions, and can link tasks globally.
2. 2 Organization theory of public sectors
 (1) Bureaucracy Theory 
The public sector organizational structure was laid foundation by the bureaucracy theory. Max weber believed that both in public and private sectors, bureaucracy was the most rational and efficiency way to organize activities because of the typical characteristics which concentrated on hierarchical organization, formal lines of authority, rigid division of labor and so on (Robert, Turner ,1990).
But with the development of social economy has a negative meaning. By research in the American federal civil system, Johnson and Libecap pointed out that bureaucracy was under the condition of the lack of productivity and accountability (Johnson, Libecap,1994) because of missing competition, too mechanical and large bureaucratic hierarchy. These problems also lead to the need for change in public organizations.
(2) Government Reengineering 
At the end of the 20th century, based on the information technology, many private enterprises began to empower enterprises through business process reengineering (BPR). The purpose was to rethink the work process, improve work efficiency, and increase customer satisfaction by simplifying the enterprise hierarchy in order to cope with the changing external environment (Hammer, Champy, 1995). As a result of the widely use of BPR, government, museum, army and other nonprofit sectors, namely mission-driven organizations, which operate beyond the purpose of the economy began to focus on efficiency and flexibility, trying to find a more economic and flexible solution in the rigid bureaucracy. This was reflected in the consideration of financial factors, and often by means of personnel downsizing and business outsourcing, to improve the organizational structure, save public resources and improve administrative efficiency through personnel reform and financial reform (Griffin & Abraham, 1999).
However, some scholars (Anonymous,1995) pointed out that comparing with the business sector there were two predicaments in reengineering public sectors, first is the unclarity of the success determining, second is the ambiguity of defining the customer. According to Mechling (1994) the difficulty of public sector reengineering lies in the fact that the process of reengineering requires rapid and large-scale improvement of performance and active use of information technology, which will make government reengineering a challenge for a long time. Despite the arguments, different from government sector, museums are relatively clear in both the service objects (audience) and service objectives (preserve and exhibit collections, academic research). Moreover, in order to ensure the better dissemination of culture, museums are often the pioneers in the application of information technology, science and technology. Therefore, reengineering is more feasible in the museum industry. 
In Britain, since the mid-1980s, influenced by the political and economic environment, the museum has undergone a major change in its organizational structure. For example, two-thirds of the directors of national museums have optimized their processes over the years (Fopp, 1997). Several national museums directly under the central government have successively established board of trustees to promote board governance, thus gaining greater autonomy (Museums & Galleries Commission, 1988). To gain more living space, many museums have established trust funds, such as the National Museum of Science and Technology (NMST) in Italy transformed into a private foundation (Bagdadli, Silvia, and Chiara Paolino, 2006).

(3) Third Sector Impact Theory 
Third sector, also known as voluntary sector, is a non-profit organization (NPO) and non-governmental organization (NGO) between the state and the market, aiming at social welfare rather than profit. According to traditional theory, the applicability of NPOs based on providing services that were difficult for the market to provide, such as public services (Hansmann,1980). Voluntary services helped to solve the dilemma faced by public welfare services (Weisbrod,1975). 
There is a close relationship between the third sector and governments. On one hand, the advantages of the voluntary sector can complement the inflexibility and unresponsiveness of the services of such hierarchical bureaucracies as the government. It helps to narrow the gap between customers and pundits, while enhancing the potential of “greater motivation, sensitivity to and knowledge about client need” (Billis, Glennerster,1998). Lester M. Salamon put forward the concept of third sector impact. He emphasized the partnership between government and non-profit organizations, believing that “NGO is the most natural candidate to participate in the third sector impact system”. On the one hand, they have essentially similar public goals, on the other hand, the government and NGO organizations have complementary models. NGOs provide public services with low cost and flexibility, which not only enhances the role of the government in improving the overall welfare level, but also avoids the excessive expansion and bureaucratization of government departments (Salamon, 2002). On the other hand, under certain circumstances the voluntary sector would also face failures, which with four elements “philanthropic insufficiency, particularism, amateurism, and paternalism”. While government is a powerful force in addressing these failures (Salamon, 1978).
[bookmark: OLE_LINK1]As a third-party department, museums have strong public goals because their operating objectives beyond profits and provide public services for the government. The publicity of an organization determines that its organizational function and structure are different from that of the private sector. In addition, because the government and third-party executives share the discretion of public funds expenditure and the use of public authority to a large extent. Therefore, its relationship with the government, especially the way of capital supply and political supervision, will also affect the museum organizational structure.
(4) The interdependence theory of government, market and voluntary sectors 
Robert Wuthnow put forward the theory of interdependence among government, market and voluntary sector. Although the relationship between government, market and voluntary sector seems clear in concept, in practice, their relationship is becoming increasingly boundaryless. Government involvement in markets through investment, regulation and taxation and provides funds for the voluntary sector to provide social services to form common cooperative projects, therefore it blurred the boundaries of each other. Complex organizational plans put both for-profit and non-for-profit activities under the same management system, and the relationship between the voluntary sector and the market is difficult to distinguish. There are frequent interactions and exchanges among them, including competition and cooperation, exchange of resources, various transactions, such as organizations and managers, technology, legal protection, public relations, funds and so on, which often flow among departments (Wuthnow,1991).
3. The current organization structure of museum sector changing 
3. 1 A Commercialized Public Organization —— the British museum 
The British Museum, as an industry benchmark, was founded in 1753, it is one of the oldest national Museum around the world and also a popular tourist attraction in the UK. The British Museum positions its function as “A Museum of the World, for the World”. According the British Museum annually report and accounts, in 2018, it was running with a team of 1,000 employees and more than 500 volunteers providing services. As a no-departmental public body, the British Museum is regulated by the Department for Digital Culture, Media and Sport and receives grant-in-aid allocated by DCMS. (The British Museum, 2018)
Since the establishment of the British Museum, its organizational structure has been changing with the collection and external environment. In 1963, the British Museum Act signed by the Queen was passed by Parliament. In order to guarantee the right of the Council to manage and control the British Museum, the Act stipulates that the legal body of the British Museum is the British Museum Board of Trustees. After the operation of the board, the museum has greater flexibility to organize changes and create a successful equation. In 1997, in response to the external environment, a new structure of dual control was implemented in accordance with the system of foreign museums in France: academic director and director of management. However, due to the poor management effect, the board of trustees decided to restore the original single-track director system (Wilson, 2002) while selecting new directors in 2001. In 2001, the British Museum abolished its ticket system and opened it to the public free of charge, which also enabled the museum to take more measures to generate income (commercial, fundraising, sponsored and charity activities) and save money. After taking office, curator Neil Mac-Gregor drastically laid off more than 100 employees to reduce financial and personnel burdens (Smith, 2007) in order to rectify the financial problems of museums. 
[bookmark: _Hlk5825896]At present, the operation of the British Museum has become commercialized. As shown in figure 2, the top management body of the British Museum is a 25-member board of directors responsible for the decision-making and policy of the Museum, the supervision of the performance of the Museum and the selection of the curator. Next, it is divided into three committees: Audit Committee, Nominations Remuneration Committee, and Standing Committee which support the accounting officer. Accounting officer is often concurrently held by the director of the museum, responsible for the operation and financial risks of the museum, and reports directly to DCMS.(The British Museum, 2018) Subsequently, it is mainly divided into two parts: the British Museum, namely the executive committee, and the subseries and charities that operate commercially to raise funds.
Museum executive Committee are classified according to functional modules, which are composed of three mixed parts: Collection & Research Department, Audiences and Engagement Department, Operation Department. Among them, Collection & Research Department, which is the core function of the museum, consists of 10 divisions; Audiences and Engagement Department is composed 5 divisions which are Exhibitions, Learning & national partnership, International engagement, Digital programme delivery, Press & Marketing. It mainly provides rich Museum exhibition and learning experience for the public. Operation Department consists of 10 administrative support divisions including human resources, finance, etc. (The British Museum, 2018)The core departments are 10 collections and research departments, which focus on academic research, and most of the research projects are the joint cooperation between department researchers and other universities, scientific research institutions and units to form a team. The British museum’s business arm includes the subseries and Friend organizations. The British Museum Co. LTD (BMCO) and the British Museum Great Court Limited are wholly owned by the Trustees, which run the main retailing, off-site trading and publishing activities, it also manages the conferences, consultancy, education and other income generating activities. The relative charities are the friend organizations, which raise charity funds. (The British Museum, 2018)
3.2 The Palace Museum in Organizational Changing
The Palace Museum is a public institution which managed directly by Ministry of Culture and its administrative system was relatively centralized and hierarchical. The financial system of “two lines of revenue and expenditure” : namely, all the income from ticket shall be turned over to the state Treasury, all expenses for the protection, management, operation and personnel salaries shall be borne by the state Treasury, and funds for major renovation projects shall be approved and allocated by the Ministry of Culture. As one of the most important public cultural institutions in China, the director and deputy director of the Palace Museum are appointed by the government, which belongs to a bureaucratic hierarchy in the administrative system. Under specific economic and social circumstance, this is conducive to the effective protection of public resources by the state. However, it is also the main reason why many Chinese public museums lack organizational flexibility. (Zhou, 2014) 
In general, the organization department is huge and has the hierarchical form of mechanical bureaucracy. The Palace Museum currently has 31 secondary departments. About 1,500 workers are registered by the government to set uniform wage standards. It can be seen from Figure 3, according to the different service functions of the museum, it can be divided into eight functional modules: Support staff, Exhibition, Education, Archiving and maintenance, Academic research, Cultural relic restoration, Culture creative management and infrastructure & visitors service. Among them, service support functions include 11 departments, including personnel and legal affairs. Financial and other departments, each department has 2-3 subordinate departments. AS of the 1.8 million items in the palace museum's collection, nearly a million were not restored in time (the Palace Museum,2010), Cultural relic restoration department become one of the most important departments of the Palace Museum. Represented as the "Heritage Hospital", the department have more than 200 professional restorers. Archiving and maintenance function module is composed of five departments according to the category of collections.
With Chinese government reengineering, the political environment of Chinese museums has changed. Since 2011, the State Council, the Ministry of Culture and the Bureau of Cultural Heritage of China have issued relevant policies to support the industrialization of culture, which explore the institutional reform and mechanism creation of museums and encourage social forces to cooperate with museums. And it enhances combining cultural relics resources with industries and markets to explore new forms of cultural relics utilization. This has had an important impact on the organizational framework of the Palace Museum. The museum is more like a bureaucratic organization in changing, that a hierarchy’s structure combines the matrix structure. Within the newly developed department, team-based structure is running for the culture creative products designing, which made the department dynamically. 
The academic function has been strengthened, and the daily service function of museum staff has formed a matrix structure with the Palace Museum College. In order to build “Academic Palace Museum,” the Palace Museum College was established in 2013, which is a non-administrative unit of the Palace Museum and a high-level academic resource platform with 28 secondary institutes. The Palace Museum College not only absorbs the top experts of cultural and archaeological research world widely, but also includes experts from the Museum departments of cultural relics restoration, protection, cultural relics research, ancient architecture and even IP operation, etc. to participate in the research, and at the same time, the research results feedback the work of the museum. This forms a matrix structure mode to improve the organization efficiency and flexibility in personnel utilization.
The requirement of marketization promotes the transformation of the organizational structure of culture creation and operation departments to flat organization structure, just like a flower blooms in an old tree. Publishing office, Business Management office, Culture & creative office, Information department are the 4 culture creative products design departments of the Palace Museum which operation relies on a more flexible team-based structure. Each of them is responsible for the design and development of book publishing, middle-end products, high-end gifts and products, low-end products, or APP and games. Many of its holding companies and subsidiaries are responsible for the operation, production and sales of products. At present, the Palace Museum employs about 150 people in product market planning, product design, product promotion and product sales. 
The variety of cultural and creative products in the Palace Museum is growing at an extremely fast rate. According to the statistics of the Palace Museum, as of 2014, the Palace Museum has developed a total of 6,746 kinds of cultural products (The Palace Museum, 2014). By the end of 2017, the cultural and creative products of the Palace Museum had exceeded 10,000, and the turnover of cultural creative products reached 1.5 billion RMB (The Palace Museum, 2017). This powerful product design and operation capability benefits from a relatively flexible organizational structure. The flat structure allows employees to come up with their own ideas and form a team to solve the problems that the ideas turn into products. The temporary and dynamic team of flat structure also enables team members to achieve the common goals while completing individual tasks, this is very suitable for the development of creative products which always in a rapidly changing market environment.
For the perspective of the current organizational structure of the Palace Museum, multi-departments set up business platforms through team structure, which can quickly design, market and product to cope with the rapidly changing market demand. Meanwhile, it has advantages for expanding differentiated market and quickly occupying the market. However, due to different departments, there are also problems such as lack of unified coordination, poor communication between commercial operations, product overlap. With the deepening of Museum industrialization, its business operation functions will be integrated, and the core functions of each department will be combined into a more powerful business operation organization.
3.3 The General Organization Structure of Museum Nowadays
The organizational functions of museums are determined by their attributes. As a provider of common goods, museums have five kinds of organizational functions which embody the value of public welfare, such as archives management, collections maintenance and restoration, exhibition, learning and education, as well as academic research. Of course, the realization of these core functions needs the support of human resources, security protection, information technology, financial accounting and other administrative departments. So, it is reasonable that museums cope these organizational departments with relativel stable structures, to support various of routine functions. Influenced by the market, museums have evolved their commercial functions to participate in market competition and provide financial support for the daily services of museums in terms of saving social public resources, improving organizational efficiency and improving service quality. These commercial functions mainly involve the cultural industry, including book publishing, the sale of creative products and duplicate collections, cultural experience, membership services and other aspects to provide products. This part of the market-oriented function often corresponds to some more flexible organizational structure.
The business model nested within wider ecosystems directly affects the organization structure of museums. By comparing the cases of the Palace Museum and the British Museum, we can also find that the business model of the museum will have a direct impact on the organizational structure. For the Palace Museum, as a socialist state-owned museum, the government directly participates in the personnel and financial management of the museum. On the one hand, its operation benefits from the government’s funds and policies, on the other hand, its development is restricted by the administrative system. Structurally, the organization is larger, more hierarchical, more functional and closer to the bureaucratic level, which also affects the efficiency of the organization. However, with the government’s commercial guidance to museums, the commercial functions of museums have been fully revived. Faced with the huge cultural market, more flexible organizational structures, such as team structure, have been formed spontaneously in their departmental units. Similarly, state-owned museums, in contrast, British Museum has gradually formed a mature business operation mode since the 1980s. Its daily operation functions are completely separated from commercial operation rights, its organizational structure is flatter, its departments are more streamlined, its functions are clear, and more commercial functions are entrusted to other professional organizations through copyright authorization. Therefore, it is more efficient and more conducive to the operation across a larger geographical space. 
With the support of technology, BM and PM have actively changed the composition and connection of Museum ecological network through organizational changes. Starting from the functional types of nodes, the museum ecological network consists of government and other public welfare institutions, Museum peer network, scientific research and public education institutions, commercial network and other nodes. As far as the entity of nodes is concerned, they can be divided into entity nodes and virtual nodes. Table 1 compares the differences between BM and PM museums on different networks from the perspective of organizational ecosystem. The results are as follows:
· Government. Compared with the flexible and loose relationship between BM and government, the relationship between PM and government is directly, and the connection between nodes is close.
· Museum peer network. Museum peer relationship is cooperative resource sharing. There are strong positive cooperative links in exhibition exchange, academic cooperation, expert and equipment sharing and so on. At the same time, there is also a certain reverse competitive relationship. BM and PM, which belong to the five major museums in the world, have their own world-class peer networks with different emphasis. BM has long and steadily interacted with museums in Europe and the United States. Over the past 10 years, PM has become increasingly close to the World Museum. Especially after PM participated in the International Alliance of Museums of the Silk Road in 2017, PM has established a network of museums along the Silk Road. Domestically, BM cooperates directly with local museums through the National Museum Directors’ Council alliance network. Instead, PM is working from the top down to integrate museums in these regions into its ecosystem through a broad coalition of partnerships with provincial, municipal and local governments.
· Network of scientific research and educational institutions, including scientific research institutions involved in project cooperation and educational institutions such as schools and training institutions closely related to museums. BM has greater coverage, because BM collection comes from all continents in the world, and has formed a worldwide network of scientific research cooperation; while PM also has a lot of cooperation with international scientific research institutions, but the exhibits mainly reflect Chinese culture and tradition, and it has more links with domestic research institutions in China. 
· [bookmark: _Hlk7717558]Suppliers and licensees. BM’s supplier network links are different from PM’s. BM uses the way of delegation and direct authorization to link with the network of suppliers and authorizers, because of this flexible way of linking, its space coverage is wider. PM mainly uses direct authorization. At present, its suppliers and licensees are mainly confined to China.
· Electronic Network Platform and Software and Hardware Technology Company. Virtual network relies on entity network, but it goes beyond the time and space limitations of entity network. Including virtual platforms, social media, Museum portals, exhibition sites, games and APPs, shopping sites, stakeholder websites and so on. Through technical support, a huge boundless and seamless virtual network with museum website as the core is formed. The scope and connection of Museum virtual network depends on the coverage of network platform. BM covers a wider area than PM. 
	Nodes and networks
	The British Museum
	The Palace Museum

	government
	Governments are relatively loosely linked through the supervision of the trustee
	Government direct supervision, closely linked

	Museum peers’ network
	1. International Council of Museums, (ICOM）
2. Long-term cooperation with Europe and the United States, collaboration with key institutions in Asia, Africa and Australia. 
3. National Museum Directors' Council (NMDC) in UK, in exhibition touring and corporations.
4. British Museum loaned more than 2200 objects to 81 venues globally in 2017(The British Museum, 2018).
	1. ICOM
2. In 2017, the International Alliance of Museums of the Silk Road (IAMS) was established, with 17 countries from 12 countries in Asia, Africa and Europe participating in the cooperation.
3. Cooperation with American Alliance of Museums (AAM), Kremlin Museum, German Archaeological Institute and Taipei Palace Museum.
4. Top-down cooperation with the government：At present, the cooperative government has 5 provinces, 7 cities, and 3 districts, forming alliances on Museum construction, conservation and restoration of cultural relics, collection research, digitalization, exchange and exhibition, cultural relics restoration research, research and development of cultural products, and training of cultural and cultural talents.
5. In 2017, the Palace Museum held 9 exhibitions abroad.

	Scientific research institutions
	Sixty research projects, global cooperation between BM and other research and archaeological institutions
	Cooperation with world scientific research institutions, especially with the Silk Road, Asia-Pacific Forum, etc.


	Suppliers
[bookmark: _Hlk8514756]Licensees
	Globalized authorization, direct IP authorization and Delegation Authorization combined, more flexible link mode. For example, in China, IP delegation authority is adopted, and the delegation company is ALFILO BRAND as the regional link point.
	PM is widely authorized in China, mainly by direct authorization. For example: banking, automobile, daily necessities, cosmetics, airport, tourism development company, mobile phone company, etc.

	Electronic Platform
	Worldwide, relying on a wider network coverage. For example, Google, Amazon, Facebook, Instagram, Blogs, Twitter, Link to Alibaba in China
	Platform based on China region is dominant. The main network platform, search engine, mainly in China, for example: Baidu, Alibaba, Tencent, Netease, Weixin, Weibo.

	Software and Hardware Technology Company
	Microsoft, Apple, IBM
	Huawei, Apple, IBM, Xiaomi Corporation



4. The Digital technology affects in the Museum sector 
4.1 For the routine museum functions
4.1.1 Digital archives
The digitalization of archives is the vital element of digital museum, as it is the foundation of the application of various virtual technologies in electronic museums. Laser scanning, 3D recording, and digital analysis are the main technologies for archival data processing (Limp, Payne, 2011). Supported by a powerful database, museum collections can be transformed from physical cultural relics to digital intellectual assets and Museum intellectual property rights. This enables the museum to become a high-quality IP database to support various core functions such as virtual exhibition, interactive experience, academic research, sharing resources, digital processing of culture creative derivatives and so on.
However, the digitalization of Museum Archives poses a challenge to the museum information management department. Firstly, digital archiving is a technology-intensive and highly innovative work. It covers almost all the problems that computer network technology needs to solve, such as digital image storage and compression, data organization technology, information retrieval technology, multi-language platform exchange and mutual access technology, mass information storage and allocation technology. Secondly, long-term and sustained human and material resources are needed to complete the daily work of network security, system software and hardware maintenance or updating, data loss and recovery after digital archiving. For example, the construction cost of archives digitization is much higher than that of digital libraries. Only archives carry out digitized archives catalogue with a “workload of about 35 times that of libraries” (Liu, 2003). Therefore, it is foreseeable that museums need advanced software and hardware infrastructure as well as sufficient number of IT professionals to support the normal operation of Museum data archives.
4.1.2 Virtual Exhibitions 
Expansion of exhibits. A tremendous of collections could be added to be exhibited through the digital and online technologies. Through the establishment of digital collection database, more collections can be displayed. For example, among the 25 categories of 18,7558 collections in the Palace Museum, only 10,000 are exhibited due to the limitation of physical exhibition space, and the number of relics exhibited is less than 1% of the total (the Palace museum, 2012). In addition, because many fragile exhibits and precious exhibits cannot be entirely displayed, exhibit digitization can effectively solve this problem. For one thing, it enlarges the audience numbers, shares resources, and plays a role in the cultural transmission of museums. For another, it is conducive to the preservation of cultural relics, especially fragile ones.
[bookmark: _Hlk7690731]IS/ IT become enable to make virtual museum more por-active in their offerings. People have devoted themselves to shifting the focus of museums from the aesthetic value of cultural relics to the historical information and ideological inspiration hidden behind exhibits for decades (Pearce, 1992; Hooper-Greenhill, 2000). This perspective focuses on how visitors can relate exhibit stories to museum collections and construct relevant semantics (Hoptman, 1992). Advances in Internet technology, speed and web design make virtual museum websites attractive for browsing information. ARCO system (Augmented Representation of Cultural Objects) (Wojciechowski, 2004) and ARIF systems(Augmented Enhanced Reality Interface)(Sylaiou et al., 2010)integrate various media technology capabilities such as 2D and 3D, create interactive virtual museum exhibitions online through the Internet and Museum sites, making exhibits visible, audible and accessible. These online applications transform virtual museum audiences into actors and participants. At the same time, the use of virtual games and entertainment, cultural content through various forms more attractive, inspire ideas, reflect the curiosity of tourists. Under this perception condition, the experiencer has a stronger sense of being. In the palace museum, the whole ancient forbidden city has modeled in the collaboration game project by IBM and the Palace Museum (the Palace Museum,2006). As the result audiences can interact with other online visitors and review the knowledge underlying the ancient architecture when experiencing the trip in the internet. 
From presentation to involving experience. In the last twenty years, rapidly developed technology has redefined the “Virtual” in museum exhibition, from a presentation of exhibits online, which just use photos, texts, and videos, to much more dynamic and varieties way to involving visitors to experience, as well as to the use of Virtual Environment (VE), which produces a high sense of existence, for the sense of interaction naturally with the virtual world (Sadowski, W., Stanley, K. 2002). 3D,4D and 5D technologies has applied in formatting a Virtual Reality world (VR). Augmented Reality (AR) and Mixed Reality (MR) are widely applicated techniques that combine the digital with existing real environment by overlaying digital information on it which enhance the experience of both virtual and real world. Smithsonian Museum of Natural History designed an augmented reality APP “Skins & Bones” to enhance the experience and attract visitors in “Bone Hall”. This got a positive feedback that the audience average dwell time increased from 1:34 min to 14:00 min (Ding,2017). Museums have already reconstructed and visualized archaeological sites through 3D multimedia tools and computer graphics elements (Cosmas et al., 2001). In addition, through AR tools, the 3D synthetic elements can be seamlessly integrated with the real world, and the 3D historical information can be superimposed on the actual archaeological sites (Hu et al., 2017;Cosmas et al., 2001; Dieck and Jung, 2017)
[bookmark: _Hlk7724958]Exhibition database, span geography and time in an accessible way. From the perspective of inter-organizational relations, information technology enables museums to nest to a wider ecosystem, in which the connection between nodes are complex, but at the same time they have high accessibility across space and time. Spatial accessibility means that once enter a museum online entrance (a node), people can access in any corner of the vast virtual world which nested with the museum, it could be partner museums, exhibition website, academic research institutes, archaeological sites, virtual games, shopping platforms and other nodes. The accessibility across the time refers to the use of cloud compute system and virtual technique to store exhibition archives at different times then construct museum exhibition database. As a result, people can more widely participate in the experience of cross-temporal cultural exhibition. Nevertheless, despite the museum’s alliance network have promoted cultural exchange as well as interaction through various means such as loaning objects, touring exhibition, and collaborative exhibition projects, there are still significant opportunities for digital exhibition. In the UK, for example, 16 national museums owned by NMDC participated in more than 1,600 cooperative exhibitions with regional museums in 2008, but less than a quarter of the exhibitions were supported by digitalization(NMDC, 2009). 
4.1.3 Learning and Education Assistance 
Providing the audience with learning experience is one of the basic public functions of museums. They have contributed to the enlightenment of public culture by serving as a tool for the educational role of museums. Cultural heritage learning attracts visitors, including the main group of young people. For example, in 2018, 64% of the total number of visitors to the Palace Museum were under 40 years old. The Palace Museum Education Center receives 1490 activities, involving more than 28,000 people, of which nearly 90% are students (Beijing morning post, 2018). Technology-led experience has also become a new growth point for visitors to museums. Since its opening in 2009, the Samsung Digital Discovery Center of the British Museum has attracted more than 11,500 children, young people and families. At the same time, the increase in student group participation has become a characteristic of SDDC, with 14,000 students booked online in 2017-18 (British Museum, 2018). A larger range of audiences will participate in museum learning through distance learning, which is going to be geometric and nonlinear growth. 
[bookmark: OLE_LINK4][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: _Hlk6045883]Using electronic technology, many museums have begun to collaboration with school and community to strengthen the learning function of museums. Museum online remote courses, diversified learning and interactive ways, seamlessly connect Museum with schools’ context through web pages and mobile facilities (Cahill, Kuhn, 2010). The use of tools is also diversified. Multimedia phones (Vavoula, Shaple, 2009; Maher, Damian,2015), interactive technologies (Wishart, Triggs, 2010), quick response codes (QR) (Schultz, 2013), personal computers and various of virtual reality facilities are all incorporated into the learning system. Along with the digitization of the museum database, the museum also linked and open data technologies to attract more audiences to learn and share cultural heritage. Electronic technology has inspired some creative ways of learning (Ferrara and Sapia, 2013). Harrell and Kotecki used the qualitative and quantitative tools to examine the effects of “the Flipped Museum”, which engage the learner with deepen learning processes in pre- and post-visit of the museum with a range of digital resources and approaches. They found out that to improving learning effort “personalized learning, clarity of content and navigation and peer-to-peer learning” should be applied (Harrell and Kotecki, 2015).
4.1.4 Academic research & Digital restoration technology
Rich collections in museum provide conditions for academic research. Therefore, the research function of museums is always one of the most important public functions. For example, the British Museum, whose core departments are 10 academic research departments, and the Palace Museum is constantly expanding the breadth and depth of its research, establishing a platform for the Palace Museum Research college, changing its organizational structure with new institutes which reached to 26 (The Palace Museum, 2019). Internally, academic research departments are closely related to the preservation and restoration departments which has been great promoted by digital restoration technology, digital image recording, digital recovery technique. Between these departments, researchers can support each other through a matrix structure. Externally, the development of advanced technology has increased the service radius of Museum academic research, shared digital resources, and promoted the possibility of cross-regional, cross-cultural and inter-institutional cooperation. The borderless nature of the digital world enhances museums more closely connected and interactive with other scientific research institutes and study sites. Therefore, the impact of technology on museum academic departments is more reflected in the museum eco-system which associated and interacted with enormous academic institutions and archaeological destinations.
4. 2 For the new functions, focuses on marketing 
The development of e-commerce technology promotes the museum to realize the transformation of function marketization and industrialization through three measures, namely, rapid customer response process, flexible business decision-making mechanism and user-centered service consciousness. By means of digital copyright of exhibits, museums have more extensive and in-depth involvement in publishing, collection imitation, cultural derivative products, experience and other cultural fields.
4.2.1 IP authorization + Culture creativity + multi-industry
As a kind of enterprise management tool and management mode, "authorization" originated in the 1980s. However, the rapid development of Museum IP licensing benefits from the use of e-commerce and digital technology. From the perspective of the economy of creative industries, museums preserve their collections in the form of digital symbols by means of digitization, thus stripping the intellectual property rights carried by them from the ownership, as a factor of production, realizing the circulation of value among different subjects and bringing about economic benefits. The object of IP authorization comes from the image, text, logo, sound and image formed by digitalization of Museum collections, brand trademarks, publications, buildings, etc. The value chain of Museum IP authorization consists of seven value activities: cultural resources, symbol transformation, property rights authorization, creative design, production, marketing and promotion, and value consumption. Each link forms a value chain according to the process of museum art authorization. In addition, the use of block chains can also solve the unique IP value of museums(Zeilinger, 2018).         
Museum has become a super IP brand because of its non-reproducible cultural heritage resources and the application of electronic technology. Because of the high integration of culture, Museum Cultural IP can penetrate into more unimaginable industries. IP Authorization, Culture Creativity and multi-industry have become the key words for museums to enter the creative industry.
5. the Future Possible Organization Structure and the Challenge facing
5.1The Future Possible Trends of Organization Structure
[bookmark: _Hlk8313301]5.1.1 Geographic divisional structure——From single regional development to cross-regional branches development
From a museum industry perspective, because the brand advantage of museum roots in the real cultural heritage, which attracts lots of tourist to experience, so its online product sales cannot be separated from the real experience supporting from offline museums. Corresponding to the cross-regionalization of the market in the virtual space, the organizational structure of museums will also have decentralized departments to support the expansion of the global market and the effective provision of services. Therefore, while selling a large number of online cultural derivatives and online virtual experience, physical museums in the future are likely to break through the restrictions of a single region and embark on the road of regional expansion. Some well-known museums will expand their regions by opening branches or building up a chain of stores globally, at the meantime their organizational structure will present geographic divisional structure.
From the perspective of public sector functions, many large museums have limited exhibition space in metropolitan areas, while millions of exhibits are in storage rooms (Chou, K. 2010). Thus, the establishment of branches or chains across regions of museums provides a solution to play the educational and cultural communication functions of museums.
From the perspective of world city marketing, in the era of globalization, many cities choose to rebuild their public space to enhance their cultural characteristics and urban attractiveness in order to create city brand. New well-known Museum branches have laid their mark on the globe cultural map and attracted more tourists to stimulate economic growth, which also caters to the needs of some city managers. The globalization route of the famous Solomon R. Guggenheim Museum (New York), which have its outputs in Bilbao, Hong Kong, Venice, Berlin, Las Vegas, Lithuania (Guggenheim,2019), officially relies on this demand.
5.1.2 The information technology department will grow and support the digital museum system.
Digital museum is an information technology intensive project, which needs the support of professional information departments, especially a large number of information professionals. This is reflected in the following aspects: Firstly, as the previous analysis shows, the establishment of digital archives which is the vital elements of future digital museums needs the support of a large number of professionals. And its subsequent maintenance needs long-term and sustained software and hardware updates and data maintenance, which will be a stable demand. Secondly, the virtual museum with seamless links through the network is an important platform for achieving the accessibility. In the future, the interactive, personalized and customized experiences required by customers need to be realized in virtual museums, which will be a process of continuous exploration and deepening, and need constant technological innovation. Thirdly, the application of big data and cloud computing can effectively support the experience and learning feedback of museum visitors (whether online or physical experience), and provide decision support by establishing different market data analysis databases for tourists, members, enterprises, learning and communities. Therefore, it is reasonable to speculate that in the future, the information technology department will grow and support the operation of both physical and virtual museums in an all-round way.
5.1.3 Education departments will be divided and integrated
Science and technology promote the expansion of the traditional educational function of museums in breadth and depth. The breadth is reflected in more extensive exchanges and cooperation with cross-regional educational institutions. Under this background, the educational function is likely to strike a balance between compulsory provision and commercial fee-charging services. Through electronic online services, more links will be generated between different regions. Through the form of virtual organizations, more people will be served, especially schools and educational institutions. In depth, it embodies the differentiation of educational products. Firstly, the public welfare education experience with the core of scientific popularization will be improved, which is reflected in the reception of educational facilities and learning groups in physical and virtual museums and the research and development of APP. Secondly, research and development and application of education and training products with commercial operation as the core. This is not only confined to the museum itself, but also with the development of the network, its value is more extensive, especially the development of experience products for children and adults. For example, according to different age groups, combined with the cooperation of schools and training institutions, educational product lines and series of courses are launched, and physical or electronic education books are published. This will also gradually form the museum's own brand of education and training and external chain stores, which can be combined with public facilities such as community activity centers, schools, libraries and even commercial complexes. The function of training will also form an interactive way of commissioning or online training to cover a wider range.            
Education and experience economy will promote the differentiation and integration of the organizational structure of museum education department. The education industry department will be separated from the traditional compulsory education service of museums and incorporated into the commercial operation Department to form a cross-regional business chain.
5.1.4 The IP authorization department will become an independent department in museum
The IP licensing division will be the most important node in the museum ecosystem to connect with external businesses. As a new thing relying on e-commerce, the IP of museums has not been well utilized at present. It is shown that the museum factors in China’s IP partial copyright industries accounted for only 0.5% in 2006(WIPO, 2007). With the successful application of IP in museums such as the Palace Museum and the British Museum, more and more local museums are aware of the commercial value of history, culture and operation methods. “Creativity + cross-industry + IP operation + e-commerce” is an important feature of Museum commodities in the future, which will permeate all aspects of life and have a wide range of derivatives. It can be predicted that the museum IP authorization operation and product listing will show blowout growth. In the future museum organizational structure, IP authorization department will become an important node for museums to connect with the external commercial system and participate in cultural and creative industries extensively. It is also the core link for museums to realize the value chain of cultural and creative derivatives. Therefore, this function will play a more prominent role in the organization, and it is likely to become an independent organizational department.
5.1.5 Widespread use of virtual organization model
The virtual organization will be widely used in the academic research function as well as the commercial operation in museum. Because of the flexibility of virtual organization which comes from its characteristics of loosely coupled and temporary, on one hand, it has become an irresistible trend in business planning, scheme design, marketing and other aspects. This flexibility will also be reflected in the commercial function of museums, especially in the operation process of creative products based on high-quality IP resources. 
[bookmark: _Hlk8292267]On the other hand, because of the complexity and professionalism of the related studies involved in museums, experts, practitioners and other stakeholders from different research fields are often required, as well as with different equipment resources research institutes. Take archaeology for example, each archaeological site not only has a unique sequence of stratigraphic units and different levels of preservation, but also belongs to different archaeological branches and in different architectural types, such as settlements, cemeteries and ceremonial sites (Bocchi, 2013). The application of virtual organization can effectively solve the above problems. For example, at present, the British museum has 60 research projects, each of which belongs to one of 7 disciplines, such as anthropology, archaeology, conservation, heritage science, in different place on the planet (The British Museum,2019). These projects adopt virtual organization model to conduct scientific research, which consist of mixed experts with BM experts, external experts come from other research institutions or universities, researchers in archaeological sites. And it also integrates the technology facilities of different institutes.
5.2 The Possible Challenge that Museum Sector Facing
5.2.1 The physical museums versus virtual museums
Information technology has brought tremendous impact on the organizational ecosystem. The traditional museum’s ecological network structure, which is dominated by physical nodes, has been destroyed. It has been reconstructed into a new complex network structure, in which the physical nodes centered on the real Museum and the virtual nodes relying on the Internet are nested and linked each other. In this process, a large number of new nodes are rapidly formed, and lots of the old nodes are weakened or even dissolved. Thus, physical museums (physical nodes) are facing the challenge that the number of visitors is intercepted by virtual museums (virtual nodes).
Although in the long run, physical museum is the source of virtual museum, the authenticity, integrity of exhibits, sense of space and the emotional relationship between customers and exhibits are irreplaceable. However, Virtual exhibits also have the advantages that physical exhibits do not possess. Through technology, dynamic video and audio sensory experiences are integrated. The audience can intuitively access the historical information, cultural interpretation and author's story behind the exhibits. In addition, Museum ecosystem node links allow visitors to obtain more relevant information in a short time. Some scholars have found that the traditional value of museums is being unintentionally eroded in the process of Museum digitization (Scott, 2007).For example, an exhibition of “40th Anniversary of China’s Reform and Opening-up” in National Museum received 3 million visitors, at the meantime, the online audience number was more than 367.7 million (Global Times,2019). As visitor participation decreases, physical museums will become more and more isolated and less functional, while viewers will lose the opportunity to share and exchange their views with others (Li, Liew and Su, 2012).Therefore, how to attract visitors to the physical museum through interactive technology, in order to restore the attraction of the physical museum, will become a hot issue in the future. Analyzing the challenges and limitations of digitalization and providing the best viewing experience are the key steps for future museum curatorial development. By using personalized technology to optimize travel routes to attract tourists, or by repackaging and selecting the most popular exhibits(Li, Liew and Su, 2012), providing a different experience from the virtual museum will be a possible solution.   
5.2.2 In the process of extensive IP authorization and value transmission, how to ensure the effective management of brand image
Although brand is the inevitable product in the process of organization commercialization, the brand of non-profit organization is significantly different from other organizations. The core value concept of brand information to customers is based on the service reflecting the mission of non-profit organization, such as charity, public interest. As a non-profit organization, the museum’s mission requires it to concentrate on the preservation of art and universal education and other public welfare undertakings, and its brand image is based on these services. Therefore, the commercial products of museums need to echo and maintain their public image.            
[bookmark: _Hlk7423752]As mentioned above, under the background of science and technology, museums will participate in the commercialized market extensively through brand authorization with their high-quality IP resources. However, intensive commercial authorization will also bring challenges to museums. Ritchie, Swami and Weinberg (1999) listed five major risks faced by the over-commercialization of non-profit organizations’ brands in their article A brand new world for non-profits. They are: “risks that appear to be over-commercialized, risks of resource commitment, risks of sustained promotion of brand building needs, risks of brand as a media, and risks of brand as a slogan”. “Brands may also magnify the impact of negative organizational information,” they pointed out. Especially in the context of information globalization, small negative news may also cause a butterfly effect, magnifying the damage of negative events to the image of museums. Therefore, how to standardize the IP authorization process and scope of museums and supervise many museum products to ensure that they conform to the public image of museums will become an important task in the future museum organization and management.
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Figure 1 The Conceptual Framework of the article
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Figure 2 The British Museum organizational structure 
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