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Introduction
So far, the production of automobiles is still the most complex process, automotive manufacturers have to continuously improve production management. Hence, the management system has always been the most advanced in the manufacturing industry. Organizational structure is an important part of organizational management, operation of an organization should be based on the structure. In addition, technology is a hot topic in today’s society, it is always regarded as a core variable and has gained a lot of attention and research in organizational theory. Therefore, it is meaningful to study the impact of technological advances on the organizational structure of automobile manufacturers. This paper covers three parts. Firstly, a literature review of technology and organizational structure. Secondly, the evolution of technology and organizational structure in the sector of car manufacturers. Thirdly, the future technology and organizational structure trend of automobile manufacturers.
The interest in technology as a structural determinant began with Woodward's (1958) study. In the same year, Leavitt and Whister (1958) proposed the relationship between information technology and organizational change, and its implications for organizational design have flourished. Then, more and more scholars and managers proposed different views on the relationship between the two concepts. Despite years of theoretical and practical research, there is no unified definition and measurement of technology, and even no convincing evidence of the exact role of technology in organizational affairs (Marsh and Mannari, 1981)(Marsh and Mannari, 1981). The main viewpoints of technology and organizational structure include technological imperative, organizational imperative, and Structurational Model of Technology.
Since the end of the 19th century, several major technological changes have taken place in the automobile manufacturing industry. Craft production occurred in the late 19th century, the first gasoline-powered cars were built in Europe, the automotive industry was composed of many small firms, car manufacturers focused on expensive customized cars. The skilled technicians are the companies’ bosses, therefore centralized organizational was the main form (Wibbelink and Heng, 2000). At the beginning of the 20th century, Henry Ford launched mass production system to produce Model T cars. Ford implemented a centralized bureaucratic structure that matched the single mode of production. In the 1920s, GM adopted the multi-cars strategy, Sloan adjusted the organizational structure as to the form of decentralized operations with coordinated control in order to adapt to the continuous expansion of large-scale production. Toyota initiated the lean production system. Toyota adjusted its internal organizational structure from vertical to the matrix to make lean production better applied in the organization. Moreover, lean production expanded Toyota’s overseas business, then, Toyota adopted a decentralized controlling strategy for its overseas units. Modular production appeared in the 1990s and began to be widely used in the early 21st century. Modularization technology promotes automobile manufacturers to outsource their business to suppliers in a wider range. To a certain extent, the relationship between automobile manufacturers and suppliers has been changed, which makes them closer and forms an interactive and collaborative network structure.
From the perspective of the development of automakers, technology played a certain role in the transformation of its organizational structure, however, it is uncertain whether it is the determined factor. Several points refer to technology and organizational have been found in this study. First, managers how to apply technology is very important. If the exist technology is not used well, the role of technology cannot be reflected. Second, technology usually influence organizational change with some uncertain situational factors, such as market, social economic, consumption levels, government policies. In addition, Technology affects organizational strategy, which is the key factor of organizational change. Therefore, technology is not a factor that directly affects organizational structure. 
A new wave of science and technology, represented by Internet, big data, cloud computing, artificial intelligence, 3D printing and other technologies, is bringing changes in the global manufacturing industry, which come up with new requirements for the organizational structure, leadership, command and collaborative authorization (Zhao et al., 2018). Automobile will have a close and new relationship with future technologies, future products, future society, future energy, future environment, future transportation and future life. In a business environment, nothing can be more difficult to predict than the development and impact of new technologies. Technological innovation has accelerated the pace of organizational change, More and more enterprises have formed cross-industry interaction and dependence (Reeves, Levin and Ueda, 2016). An ecosystem formed in automobile industry.
Literature review: technology and organizational structure

In the past, the technological innovation of the factory was mainly limited to production, machines were used instead of manual labor. With the development of manufacturing technology, information technology, network and the popularity of digitalization, the working procedure in the organization has become more and more mechanized and automated, which lead to diversification of organizational structures (DeSanctis and Poole, 1994). With the development of information technology and the dramatic changes in the environment faced by organizations, the relationship between information technology and organizations is becoming more and more complex. By doing the literature research, the discussion of the relationship between the two concepts mainly has the following stances.
Technological imperative

In this area, technology was construed as a determinant element to the organizational structure.

After investigating nearly 100 small manufacturing firms in South Essex, Woodward (1958) found a linear relationship between technical complexity and various measures of administrative intensity, vertical differentiation. In general, companies with extreme technical complexity had an organic management system structure, while companies with a medium level were more mechanical. Moreover, companies in technical grouping are more successful than other companies. Thus, she concluded that organizational structure changed due to technology, whether the technology referred to production or information communication. Meanwhile, she believed that different technologies have different requirements for organizations, and these requirements must meet a proper organizational structure, even the effectiveness of proven theories of the organization may be changed by technological evolution. In the study of 55 companies, Zwerman (1970) drew similar conclusions with Woodward that technology was most influential, the level of power in the organization increased with the increasing of complex technology. 
Leavitt and Whisler (1958) commented that the new technology did not yet have a definitive name, it was named information technology (IT). They considered that information technology would change the organizational form and the nature of management work; information technology and scientific management would lead to the reduction or even disappearance of middle managers: senior managers would assume greater responsibility so that organizational control would be more concentrated. Harvey (1968) defined technology as the mechanism or process of organizing its products or services. In the research on 43 industrial companies, he stated that organizations with specific technologies had more specialized sub-units, more authority levels, and higher ratios of managers and supervisors. He claimed technology to be the major structural determinant. Argyris (1970) believed that technology changed the structure of the organization's divisions, noted that there was a strong similarity in the substitution of skilled labor in blue-collar and white-collar jobs, thus more formal centralized control and less individual skills and autonomy. Aldrich (1972) underpinned that different types of technologies applied to organizations playing different roles in structural change. Simon (1977) demonstrated that computers will not change the basic hierarchical nature of organizations, but centralize decision-making, and the scale of linear organizational structure and the layers of hierarchies would be reduced. Perrow (1983) expressed technology determined some characteristics of organizational structure. Control and coordination methods vary by technology types. though conventional techniques allowed greater bureaucratization of organizational structures, they demanded greater structural flexibility. According to the research of Markus and Robey (1988), they applied information technology as an independent variable, organizational structure as the dependent variable, and supposed there was a causal relationship between them. the study indicated the change of organizational structure was not a pre-designed conscious behavior, but the result of exogenous information technology introduced into the organization and functioning.
Zhong (2001) showed one of the changes brought by enterprise informatization was the networking of information communication, which make the original pyramid-like organizational structure unable to adapt to the changes. In order to make full use of enterprise informatization, some new organizational structures emerged, such as “circular organization” and “virtual organization”. Zhou, Wu and Ben (2017) explained that technology is a determiner of an organization's structure. The level of technology affects the layers of the enterprises' structure, especially in the manufacturing industry, technology associated with the whole process of production. When the technical level of the enterprise is higher, the higher the mechanization degree, the fewer employees are needed, and the organization tends to be flatter. The development of information technology also makes management more convenient, thus promoting the simplification and transformation of the organizational structure.
In spite of previous studies provided strong support for technological imperative, many scholars question the importance of technology, they considered size as a more important factor. 
Hickson, Pugh and Pheysey (1969) proposed classifying technology concepts into operational technology, material technology, and knowledge technology. The relationship between technology and power concentration proved to be negative, positive or irrelevant. The size was tested to be more important to organizational structure compare with technology. Similarly, Child and Mansfield (1972) stated that organizational size rather than technology significantly affected the division of labor and arrangement of work. Blau et al. (1976) conducted a study of 110 manufacturing firms in New Jersey found that there was no linear relationship between operational technology and structural differences and control span, the scale was considered the cause of structural division. Marsh and Mannari (1981) investigated 50 companies in Japan, found that size leads to organizational structure differentiation more than technology. Lisewise, Zeffane (1996) believed that scale had a certain regulatory effect when studying the application of information technology in newspaper organizations to cause structural changes. Robey and Boudreau (1999) interpreted Information technology is not the determination of new structures and forms but is regarded as an element of complex social processes, which has an uncertain impact on the organization. 
Moreover, other scholars use the idea of contingency theory to think that there is no simple linear relationship between information technology and organizational structure, which will be affected by contextual factors, situational factors interact with technology to cause the outcomes. Markus and Robey (1988) found that technology is an external force that determines or strongly constrains the behavior of individuals and organizations, technology could not completely determine organizational changes. The same information technology would have different effects when applied to different aspects. On one side, when the organization is in an uncertain environment, the organizational structure will become more decentralized after applying information technology. Such as, information technology allows senior managers to get the information they need from middle managers, so they can also distribute information to middle and lower managers, delegating them to make their own decisions, which leads to the decentralization of organizational controls. On the other side, if the environment is simple and stable, the application of information technology will lead to the organizational structure moving toward centralized, technology would keep the organization intact. Therefore, the external environment affects the relationship between information technology and organizational structure.
Organizational imperative

In the same period, the mainstream view that incompatible with technological imperative was organizational imperative. Organizational imperative believed that technology is not the main reason for the change of organizational structure, scholars of organizational imperative attribute the consequences of information technology to the choices and behaviors of managers and system designers. Organizations have great choices for information technology and have absolute control over the results. People design information systems to meet the organization’s need, the organizational structure is determined by the needs of the organization’s information processing and managers’ intentions. Organizational characteristics determine how information technology is applied, and the aim is to realize the political intentions of managers, and this view is the organizational imperative (Aldrich, 1972; Markus and Robey, 1991; Pugh, Hickson and Turner, 1969).
Pfeffer (1981) considered that the direction and mode of action of organizational structure change are determined in advance. The introduction and application of information technology are aims to meet the organization’s demand for information and the political intentions of managers. So, the organization’s demand for information and the manager’s intention rather than information technology is the primary cause of organizational structure changes. The organization’s behavior emerges from the dynamic interaction of the external environment and internal motivations or interests. The motivation and behavior of information technology designers are the causes of organizational change (Markus and Robey, 1988). Galbraith (1977) also presented the need for information was the main reason for applying information technology and structural changes. He explained managers can reduce the organization’s demand for information by restructuring the department structure, adjusting power relations, also information technology can be applied to improve the organization's ability to deal with information. Scholars with similar views to Galbraith include Daft and MacIntosh (1978).
Meanwhile, George and King (1991) argued that match the manager’s political intentions was more important than conduct organizational evolution by making use of the technology. They explained that the reason why organizations proceed to organizational change after applying information technology is that the managers wanted the organization to be changed, then took concrete actions (introducing and applying information technology). Thus, managers are the real decisive factors leading to the change of organizational structure. Dean, Se Joon Yoon and Susman, (1992) compared 185 factories and found that managers had different views on the automation and information functions of Advanced manufacturing (AMT), these beliefs and views were likely to translate into structural decisions. 
Organizational imperative gave managers an important role in organizational change, thereby shifting the focus of research from information technology to human beings. By studying four public management information systems, Laudon (1995) found that the level of centralization of organizations was closely linked to political and bureaucratic pressures, while not correlated with technology. Information technology is only an advanced tool, and its social value and effect are influenced by the political preferences of the people who use it. Laudon’s views were supported by Kling (1980). They examined the informatization process of local governments in the United States. The results showed that information technology was only used by those leaders in power in the organization to strengthen the original authority structure, and the authority structure impacted the application of information technology. From a case study of organizational change after the introduction of ERP by a US government, Kimberly and Evanisko (1981) demonstrated that the features of organizations, characteristics of leaders, operating environment and external environment determined the degree of organization's guidance to technological change.
Chandler (1993) stated the organizational ability of an enterprise determined the extent that technology playing. Through the integration of cross-border M&A, enterprises establish an organic, highly flexible and flat learning organization, which was conducive to the integration of technology. Boudreau and Robey (2005) found that impromptu learning among members of the organization influenced their awareness and expectations on ERP, sequentially form organizational changes. Hudson (2011) argued that managers conducted technology to accelerate progress. Some characteristics of the organization will aggravate or weaken its technology-oriented behavior Sharma and Sharma (2014).
Other scholars proposed theoretical frameworks discrepant from technology imperative and organization imperative. They believed that Information technology and organizational structure are not one-way causalities, but interaction and mutual construction.
Based on Giddens’ Structuration Theory, DeSanctis and Poole (1994) proposed Adaptive Structuration Theory (AST) which study the interaction between groups and organizations with Information Technology. Advanced information technology was identified as social structure, groups and organizations were regarded as a social system. Technology provides different social structures, and groups can adapt to technology in different ways, and use technology for different purposes. AST believed that advanced information technology would trigger the adaptive structuring process, and over time, technology will lead to changes in the rules and resources used by organizations in social interaction. AST was process-oriented research methods, the process of technology’ role in organizational change revealed the significance of groups and organizations to technology.
Orlikowski (1992) proposed Structurational Model of Technology (SMT). She explained the duality of technology, she argued that technology was designed and used by actors, designers and users endowed technology with structure (material and social structure) and ultimately made technology as a part of the organizational structure. Orlikowski (2000) believed that neither technological imperative nor organizational imperative could realistically recognize the duality of technology, she emphasized that the two viewpoints should be combined. In the article of “Using technology and constituting structures” (Orlikowski, 2000), she concluded that “technologies-in-practice” (structures of technology) was not fixed or given, but constructed and reconstructed through the daily, situated practices of particular users taking advantage of particular technologies in particular environment. Within organizational restructuring, practical technology would change over time as people reconfigure their technologies or change their usage habits, and thereby develop different “technologies-in-practice”.
By reviewing the literature on the relationship between technology and organizational structure, it is found that there is no consistency in the studies of technology and organizational structure (Figure 1). Although some studies have found a strong relationship between them, some scholars believe that technology is the decisive factor in organizational structure, while, others believe that how organizations and managers use technology is the key to organizational change. Furthermore, some scholars argue that technology and organizational structure interact and influence each other. This inconsistency may be partly due to the type of technology being considered. Technological imperative or organizational imperative occurred in the late 1950s to the early 21st century, in that period, the research mainly focused on operational technology and information technology as dependent variables to predict organizational structure. Technology is growing all the time; more and more advanced technologies affect organizational change. There are few empirical studies on the relationship between advanced technologies (big data, cloud computing, artificial intelligence) and organizational structure.
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Figure 1: Theories (Technology and Organizational structure).
The evolution of technology and organizational structures (the case of Automobile manufacturing)
The automobile manufacturing sector has undergone several major evolutions in producing. Each generation of new technologies and major technological advances are accompanied by organizational change. 
Ford’s mass production system with centralized bureaucratic structure
In 1908, Henry Ford and his team launched the “transfer line” technology for mass production in the factory of Highland Park in the USA. Henry integrated the elements of existing technologies (such as the electric power that was generally available in the late 19th century, the further development of oil exploitation, steel materials in the early 20th century) into an energy-intensive mass production system (Nevens, 1954)
Ford’s mass production attempted to exploit economies of scale achieved through producing a large number of identical products, computerized equipment for automation and communications was adopted in production operations (Gale, Jr., Wojan and Olmsted, 2002). This production line adopted simplified the assembly process of the Ford T and it compressed the original 3,000 assembly parts into 84 operations, which reduced the production time of each vehicle from 12 hours to 90 minutes. The assembly line formed by mechanization, automation, and standardization, brought success to mass production of automobiles, greatly improved the employees’ productivity of standardized products, decreased the costs, increased the sales and the profits grew.
In addition, in order to reduce costs and ensure the safety of the parts materials, Henry Ford purchased steel plants, glass factories, rubber plantations, and he possessed the materials supplied for rail transportation and distributed manufactured automobile (Womack et al., 1990). Ford controlled the production and distribution of all materials and parts required for automotive production. Knowledge and scale within Ford allowed technology to grow further. Therefore, Ford was able to improve mass production technology independently.
On the one hand, mass production arose changes of employees’ work content, automation machines instead the work of material processing, machine repairing and inspecting. The number of employees engaged in production lines greatly reduced, they were responsible for design, construction, maintenance, and control of automation equipment. On the other hand, mass production led to employees within the first-line production lost autonomy in the work process, as the work tasks were divided into small pieces, and production was carried out by trained low-skilled workers. The speed of each worker’s actions to be completely determined by the technical system controlled by the horizontally divided bureaucratic management department. 
An organization could build a suitable organizational structure to match the new production (Gale, Jr., Wojan and Olmsted, 2002). Ford developed a modem, bureaucratic, rational, vertically integrated, and centralized organization. All major decisions of the company were centralized, and each department was a functional sector. The centralized bureaucratic was the mainstream organizational structure at that time, firms with mass-production technologies had more centralized authority structures (Blauner, 1964; Woodward, 1965).
From 1908 to 1927, Ford only produced the standardized, low-cost Model T, a constant, basic, practical vehicle. Ford was not the first company trying to produce low-cost cars, but it was the first automaker succeed. Technologies provided conditions for mass production, not only Ford but also for other auto firms. However, only Ford had successfully developed a mass production system because it had the skills to optimize standardization and control components, moreover, the managers prioritize the use of these technical elements. In addition, the production of the assembly line was relatively simple, which greatly reduced the horizontal coordination requirements between the workshops. Thus, the vertical centralized organizational structure was applied. Ford built a centralized management model that matched the new production (Figure 2), organizations need to re-thing and re-designing structure to adapt to the new realities of technology change (Stehen and Coulter, 2010). Therefore, technology can influence organizational structure, and it also needs to measure how managers use technologies. Some technologies have existed for many years, but they have not been used, these technologies are worthless and cannot change the behavior of the organization.

Figure 2: Organizational structure change in Ford.
Decentralized operations with coordinated control in GM
In the 1920s, more and more people could afford a car, Alfred Sloan implemented a multi-car strategy in General Motors (GM) with market growth and technology development. Implementation of this strategy acquired technical support, automotive manufacturing technology made it possible to control components, sub-assemblies and offered customers an almost unlimited range of colors, chassis, models, equipment, and styling (Wibbelink and Heng, 2000). Sloan launched a full line of cars, developed a line of six models, from cheap to expensive. It could accommodate potential buyers for any income level. At that time, GM was the only car manufacturer to offer such an integrated line.
GM had to apply more professional management to deal with production issues. The strategy needs to create an organizational structure to implements it. Chandler (1964) stated that several new developments transformed the automobile industry, management and marketing replaced production and finance as the major challenges in the industry during the 1920s. Sloan first designed the draft of GM’s organizational structure, which is a more complex and flexible assignment of responsibilities (Harold Wolff, 1964). He established six interdivisional committees to coordinate purchasing, technical, institutional advertising, sales, and maintenance functions across the automobile division (Sloan, 1963). A set of policy committees were also created to help the central office determine the allocation of capital to GM’s business units. The committees made agreements on the goals and monitored the results of various units (Marx, 2016). The committee system was born for over than 60 years and it is still important for GM today (Rae, 1984). In 1924, Sloan proposed Multidivisional (M) structure, also named department system organizational structure. Managers from the business units are responsible for the performance of all operational decisions and their departments. These departments are independent business units with full jurisdiction over manufacturing, sales, and finance, strong central controlled by the central office (Rae, 1984). This is a decentralized organizational structure, adopting “centralized decision-making and decentralized management” and is a form of decentralized management under centralized control. Sloan believed that good management lies in the coordination of centralized management and decentralized management. Sloan distinguishes policy development from policy implementation. The executive committee at headquarters is responsible for the former, and the latter is operated by independent business units (Wibbelink and Heng, 2000).
During that time, Ford emphasized centralization, while GM emphasized decentralization. Under the innovative management of Sloan, GM and Ford are gradually drifting away. GM overtook Ford in the early 1930s and became the world's largest auto company (Marx, 2016). A decentralized organization performs well when the strategy is focused on innovation (Hage, 1965).
By 1960, Sloan model became the accepted and best form of management for the most complex and diverse firms in the United State and adopted by the competitors, such as Ford and Chrysler (Rae, 1984). Simultaneously, GM treated suppliers and divisions as independent companies, creating and generating a comprehensive network while maintaining a unified company's coordination advantage. Sloan's management thought was an important step in the formation of network organizations in the 1990s (Zhu and Wang, 2010).
From the 1920s, the demand for cars in the market continued to increase in the United States. Just right, manufacturing technology could meet the customer's differential requirements (Figure 3). In addition, GM was facing a crisis within the management in the Durant era, the company urgently needs internal integration. Under the catalysis of the internal and external environment, GM’s multi-vehicle strategy was generated and successfully implemented, the formation of the Sloan Multidivisional structure confirmed to the strategy at the time. Generally, the organizational structure usually changes as the strategy changes (Chandler, 1991). Technology only as a small factor that affects the change of organizational structure.

Figure 3: Organizational structure change in GM.
Lean production with Matrix organization in Toyota 

Japan has transformed a large-scale production system suitable for the domestic market by bringing in Western automobile manufacturing knowledge and technologies (Bayou and de Korvin, 2008). This change is not only reflected in production technology, but also in design, supply chain and distribution (Womack et al., 1990). Lean production originated from the Toyota Production System (TPS), which was applied after decades of testing and repeated testing, it must obtain a strong information system (Fujita, 2002). Lean production concept can be regarded as an improvement of Ford and Sloan's mass production system, the method of manufacturing has become the basis of leading the development of manufacturing industry since the 1990s (Liker, 1998; Hall, 2004). 
Components of lean production, such as mainly JIT, Kaizen and quality control, flexible, low inventory production technique. Lean companies record 35-50% improvement to labor productivity, approximately half the product-development time, saving a lot of raw materials (Allway and Corbett, 2002). Japanese automobile corporations pay attention to cost advantage and product quality in IT technology. Just In Time (JIT) production and total quality management show their innovation in technology and management (Zhou, Wu, and Ben, 2017).
JIT and Jidoka are the essences of Lean Manufacturing. JIT describes in one sentence that it consumes the least necessary resources to produce and deliver the right parts in the right quantity. Jidoka (Building in quality) refers to the automatic shutdown of production in abnormal circumstances at the first time, which prevents the losses caused by the machine be in the wrong production state, and also enables better fault analysis in the current wrong state (Bayou and de Korvin, 2008).
The processive, standardization and automation of lean production have changed human capital and working style. Firstly, the complexity of production will be decreased when the equipment automatically analyzes faults. Automobile production is a complex system with a large number of components and interrelated (Walker et al., 2010). Secondly, the machine instead of manual labor would save human capital. Third, front-line employees and working groups can participate in decision-making, which makes the organization more flexible. Moreover, workers are required for continuous learning to improve their ability to use machines, they also need to strengthen teamwork and learn how to solve problems together. Hence, Toyota presents some characteristics of a learning organization structure. Peter M. Senge (2006) expressed that learning organizational structure should have five elements, building a shared vision, team learning, improving mental models, self-surpassing personal mastery and systematic thinking. However, the deep-rooted vertical centralization of Japanese manufacturing enterprises did not undergo a fundamental change in the organizational structure. While Toyota changed from a centralized bureaucratic structure to a decentralized bureaucracy organization. At that time, the three major U.S. automakers (General Motors, Ford and Chrysler) were also trying to become learning organizations (Lienert, 1994).
Lean production mode improves Toyota’s delivery date and product quality to the leading position in the world and helps Toyota surpass GM become the world’s largest automobile manufacturer in 2008. Toyota as the biggest automobile manufacturer in the world. This provides abundant strength for Toyota to expand overseas. In 1984, NUMI, the joint venture company of Toyota and General Motors, was established and put into production in the United States, then, Toyota entered Europe and Asia one after another (Toyota, 2019). With the backdrop of expanding overseas market, Toyota has adjusted its organizational structure, adopting a matrix structure characterized by “strengthening vertical management by promoting its own department system and promoting horizontal management by highlighting its matrix structure”. Vertically, according to different regions, six headquarters have been set up. In order to minimize management, Toyota has adopted a two-tier cadre system of “cadres and servicemen”. Horizontally, the conference system at all levels has been established to strengthen horizontal communication and management (Zhang, 2010). Matrix structure allows dual dimensions, promoting flexibility and integrated knowledge, at the same time, Toyota adopted a centralized management model for its overseas subsidiaries, with its parent company controlling key assets and resources (Figure 4). 

Figure 4: Organizational structure change in Toyota.
Modular production with globe network structure
Product development is still one of the most important costs and investments of automobile manufacturing enterprises, technology has become the driving force of product change (Lin et al., 2009). Since the beginning of the 20th century, in order to reduce production costs, save assembly time, shorten the listing cycle, and carry out technological innovation, major automobile manufacturers began to require assembly manufacturers to supply complete sets and complete systems. The concept of modular product development is gradually adopted by more and more automobile enterprises (Brettel et al., 2014). Modularization of automobile is the free combination of various sub-modules, such as engine assembly, transmission assembly, body parts, and electrical system, which promote automakers would develop different levels and types of vehicles on a platform (Fujita, 2002).
Volkswagen and Mercedes-Benz were the first organizations to introduce modular technology into the automotive industry. Volkswagen put forward the modularization strategy in 2008, and formally released the product development plan based on Modular Querbaukasten (MQB) platform in January 2012. Subsequently, Mercedes Front-wheel-drive Architecture (MFA) was designed and launched. BMW unveiled the overall framework of FWD (Front-Wheel-Drive) and RWD (Rear-Wheel-Drive), and Toyota announced the overall framework of TNGA (Toyota New Global Architecture) in 2015 (Cano-Kollmann et al., 2018).
The development of modularization has changed the production of traditional automobiles and provided opportunities for organizational change (Hou, 2010). Within the modular production mode, the automobile manufacturers continuously reduce the self-control rate of parts and components, instead further concentrating and controlling on the research and the whole vehicle's manufacturing. Some other functions, such as module production, inventory management, part of R&D and procurement, secondary assembly, after-sales activities are outsourced to the suppliers. Meanwhile, they select suppliers around the world according to the main factors such as quality, service, price, and technology (Koichi and Shimokawa, 1997), which can reduce the investment on R&D and equipment. Simultaneously, organizations are required to make some adjustments to cope with such changes, such as reducing production, R&D, purchase, and inventory management departments. In addition, modularization demands more high-tech employees, the organizations motivate their staff to learn uninterruptedly and encourage them studying from different departments, thus lead to the organization form a crossed internal network. Organizational structure is designed to respond flexibly to the rapidly changing market and technological environment. Vehicle manufacturers located in the global production network center, they empower their employees, encourage all the departments and suppliers participate in the research and develop new products, therefore a complex external network is forming (Lin, 2013).
In the meantime, in order to seek greater development, some suppliers have been separated from the internal organizational structure of the automobile manufacturers, such as Delphi, Visteon which were separated from General Motors and Ford, and they are independently oriented to the global market (Gould, 2001). Since then, the relationship between automobile manufacturers and suppliers transformed from vertical integration to a cooperative network structure.
There are two types of modules, fully integrated and partly integrated, different types of modularization correspond to different supply networks. A trend for automobile manufacturers is to shift from purchasing discrete components to purchasing modular systems (Doran and Hill, 2009). Modular production encourages first-class suppliers to pay more attention to product development, increase R&D investment, and produce more functional modules to meet the needs of manufacturers. In this way, large global suppliers have strong design innovation ability, they become the main source of technology and knowledge in the global automobile production network. Also, they transfer the non-core elements of their activities to the second-and third-layer suppliers, therefore, the supply structure change from the previous flat structure to a pyramid structure. The flat structure is a direct transaction between automobile enterprises and parts enterprises, while pyramid structure is a multi-level parts enterprise. By supplying parts with several layers, it eventually reaches automobile assembly enterprises. The pyramid model is more in line with the development requirements of modularization (Lin et al., 2009).
In addition, modularization production leads to automobile manufacturing enterprises more and more globalized. Automobile manufacturers and suppliers increasingly rely on each other and assemble companies are playing more important roles (Jacobides et al., 2014). In many cases, manufacturers preference become supply-driven, for example, if automobile firms plan to start to manufacture or invest in new models in an emerging market, the suppliers will follow to enter into the new areas. Therefore, with the extension of automobile manufacturing enterprises, the R&D and supply network of automakers are also expanding so as to satisfy the needs of localization (Erevelles and Stevenson, 2006). All of the above introduces flexibility into manufacturing process and organizational structuring. 
Generally speaking, in the automotive sector, the characteristics of global procurement, global production, and global distribution are very obvious. Modula production not only reduces product complexity, promotes product diversity, but also cuts down the costs, decreases production cycles, and accelerates the process of globalization (Arnheiter and Harren, 2005). Vehicle manufacturers expand the volume of enterprises through overseas investment, meanwhile, they curtail internal related departments, such as procurement and production sectors. Modularization enables all departments and members of the enterprise internal network to connect with each other in the form of network, enables information and knowledge to spread rapidly in the organizations, then makes the organizational structure flatter and more open. The relationship between the automobile manufacturers and modular suppliers has also changed, with more flexible and complex network structure (Menzel, 2015).

The future
Advanced technology

In the future, automobiles will be digitized, networked and intellectualized. Among them, digitalization is the foundation, which will be used through the whole process of intelligent manufacturing, providing support for networking by transforming information into data; networking will realize interconnection on the basis of digitalization, so as to realize the integration and utilization of decentralized resources; finally, intellectualization is adding artificial intelligence on the basis of digitalization and networking, thus it can interact between the machines, making the effect of networking more remarkable (Figure 5).

Figure 5: The three advanced technologies impact on car manufacturers.
Big data

Technological progress is the most important external forces in the automotive industry today and in the next 8-10 years. Digitalization is the future choice the organization must make to create competitiveness, sustainability, and growth (Stanley and Gyimesi, 2015). The accuracy of data analysis is also getting higher and higher, customer data, supply chain data, product quality data and so on, data analysis will integrate these huge amounts of data to support the formulation of organizational strategic decisions.

Nowadays, consumers can access all kinds of automobile related information online, automobile manufacturers would find out which models, accessories or services that customer groups are interested in from a large number of customer data. Organizations understand consumer demand (consumption level, preferences, etc.) through digital analysis, and they can maximize customer retention by the data analyzing. Digital closes the distance between enterprises and customers, provides personalized and customers’-oriented products and service solutions. All of these will change the design of cars and then impact the design structure of the whole company.

Digitalization is also changing consumers' buying habits. According to Roland Berger, 45% of customers would prefer to buy new cars online. Automobile manufacturers have been joining the ranks of e-commerce (Deuring, Hasenberg and Kleimann, 2016), which change the way automobile manufacturers selling their cars. Thus, the organizations are demanded to adjust their sales department or the cooperation style with the distributors. With data analysis, supply chain data helps automobile manufacturers to identify strength and weakness in order to take positive solutions before serious problems occur, helping automakers solve global supply chain risk management challenges (Hua, 2016). Data analysis would also help automakers perform products quality prediction analysis in order to identify and resolve quality issues as early as possible, thereby improving the ability of quality management teams to address customer satisfaction and quality control issues (Hua, 2016). 
Data analysis is a powerful tool, multifaceted and complex process. In addition to data, operations, or information technology, the effective use of data analysis requires more knowledge and experience, and it can be inefficient to perform data analysis within a single enterprise. Therefore, multiple functions and technical teams within the enterprise need to be integrated. Automakers encourage various departments to exchange information and data freely and strengthen cooperation between the departments. As a result, the distance between the departments will be closer and the working styles will be more flexible. In addition, automobile manufacturers need to create multi-faceted external partners, networks such as research institutions and data providers are becoming more important, and the entire network will be built into an ecosystem that processes data analysis initiatives. For example, Toyota created the T-Connect digital division to accommodate Microsoft's cloud computing platform Azure to process data. The data communication template has been installed on some of the 2017 US models and is connected to the Toyota Big Data Center (Zhao et al., 2018). In the future, Toyota will collect data from various vehicle models all over the world.
Connectivity (Internet of Vehicles)

The interconnection between the vehicle and the outside world is networked. On the one hand, it applies to Car2Car and Car2X communication, the networking between vehicles and other vehicles or transportation infrastructure such as traffic lights. On the other hand, it also includes the networking of passengers inside the car and the outside world (Liu, Qiao and Zhao, 2017).
In the era of mobile Internet, the car may become another mobile device. At this time, the car is not only a vehicle but also a consumer electronic product. Ford redefined the company as “a mobility company, not just a car and truck manufacturer.” The automobile industry is not only the automobile industry but also the Internet industry, which will definitely affect the future of the automobile. A group of Internet service providers for cars will be born. The best choice for auto companies is to build a mobile application platform that allows many software developers to develop applications on such platforms (Kuhnert, Sturmer and Koster, 2017). The Internet of Vehicles would achieve a wide range of functions, first, provisioning information services, including traffic management, intelligent communications, location services, e-commerce platforms, and post-service markets; second, improving traffic safety, including hazard warning and safety control; third, saving fuel and reducing emissions through economic driving advice and powertrain optimization (Han, 2015).
In the future, content and software technology companies will benefit from passengers who will be able to communicate, work, surf the Internet or use multimedia services while they are driving. The technology of the Internet of Vehicles requires a large amount of information processing. This development process will be not achieved by a certain enterprise, it requires the cooperation of various enterprises. 75% of executives from automotive manufacturers expect that cooperation with other industries is the best opportunity for the development of the industry by 2025 (Stanley and Gyimesi, 2015). In order to cope with increasingly complex environments, Toyota, a relatively conservative traditional auto company is increasing the investment in travel services, including internal development and external cooperation (Zhao et al., 2018). Toyota established a globally networked car development platform to integrate digital assistant Clova into networked cars. In 2017, Toyota established a partnership with IMDA (IT company) and NTT (car network platform). Whether it is internal investment or external cooperation, Toyota's department, employees and organizational structure will be changed.
Artificial intelligence (Autonomous vehicles)

At present, artificial intelligence is widely used in the automotive industry, for example, in different aspects of automobile production, including production equipment, quality inspection, warehousing logistics, and overall operation and maintenance. Artificial intelligence (AI) is often considered the core of the current automotive revolution, it will be still a hot spot in the future, because of in terms of technology, computer processing speed is greatly increased, storage costs are declining, and the development of technologies such as cloud computing and Internet of Things has greatly reduced the application cost of artificial intelligence.
The intelligence of the vehicle is mainly in the aspects of automatic driving and human-computer interaction. The former will be gradually developed by the current advanced driver assistance system (ADAS). The latter will eventually be embodied in automotive products in the form of smart cockpits, meanwhile, artificial intelligence is the key to improved autonomous driving and human-computer interaction (Zhao et al., 2018). Autopilot, from assisted driving to full autopilot, is the result of a typical artificial intelligence. 
Local Motors from the US adopted intelligence on the unpiloted electric car “Olli”. applying cognitive computing and artificial intelligence (AI) technology, “Olli” can help vehicles improve their driving experience by seamlessly communicating with passengers in natural language (James, Lulla and Marshall, 2017). In 2015, Toyota announced launch a $1 billion budget for autonomous driving research and the establishment of the Advanced Toyota Research Institute (TRI) in Palo Alto, the USA. In 2016, GM acquired the unmanned technology company Crusie Automation for $1 billion (Sejnowski, 2018). 
Currently self-driving cars still face many regulatory and legal barriers. Today, there are very few cars with 2 and 3 levels of automation on the road. From a technical point of view, more and more car manufacturers will be able to produce cars at this level, but the legal framework is not clear. The current assumption is that even if there is a major breakthrough in technology ahead, level 4 autonomous cars will be accessed to the market as early as 2022 to 2023 years. Many automakers have announced that they can produce cars with level 4 and 5 automatic vehicles (Kuhnert, Sturmer and Koster, 2017). Therefore, automobile manufacturing enterprises need to cooperate in depth with government departments to introduce relevant legal provisions, so that higher-level self-driven cars will appear in the market as soon as possible. Furthermore, automakers are going to set up special departments to communicate and cooperate with government departments. 

Networking and intelligence are indispensable and important components, and they are also a core component of the competitiveness of future automotive products. In general, the realization of intelligence is the purpose, the network is the key means, the two are inseparable and support each other. The two will work together to ensure that the car can be smarter in the future, and thus better serve people and understand people. This is also the intelligent network, the ultimate goal of the car.
Future structures of automobile manufacturers

Boundaryless

The composition ratio of hardware and software in automotive products will change significantly. Hardware is still the foundation of the future car, and software is the future of car upgrades. The proportion of software in the car will become larger, the ratio may exceed the hardware. The best cars would possess the best combination of soft and hard (Zhao et al., 2018). In the future development of automotive products, automotive designers must reserve hardware to ensure that the upgraded software works well. This kind of approach is not used in traditional design. The design work of the future automobile manufacturing enterprises is its core work, and some traditional departments may disappear. 75% of executives from automakers expect non-traditional industry enterprises will play an essential role in the automotive ecosystem by 2025 (Stanley and Gyimesi, 2015). 
Reeves, Levin and Ueda (2016), stated organizations are like biological species, they try to extract business intelligence from biology and achieve varying degrees of success. Different participants can act spontaneously and form interactions, the chain reaction generated by these interactions will reshape the whole system. The new structure of the system will in turn affect the various participants. The perspective automotive ecosystem will be composed of different participants from different industries (Figure 6), these participants include software companies, hardware companies, network companies, platform companies, governments, and so on. Data shows that the future automotive technology, autonomous driving and mobility sharing receive the most funds, mainly from technology companies, vehicle manufacturing companies automotive and mobility platform companies (such as Uber, Mobileye, DriveNow, Car2go, Zipcar, Didi) (Kässer, Müller, & Tschiesner, 2018). In 2016, Uber launched a number of self-driving cars in Pittsburgh, USA. In the same year, Apple also entered the field of automatic driving (Sejnowski, 2018). In 2017, Intel acquired Mobileye for $15.3 billion, a company that develops sensors and computer vision for autonomous vehicles for; Mercedes-Benz’s Car2Share began to cooperate with SOHO from China; Volkswagen also invested in China’s leasing project, Gofun. In 2018, Google launched self-driving cars; Alibaba and Shanghai Automotive Industry Corporation jointly launched China's first Internet car Roewe RX5 (Jon Markman, 2018).
The huge investment in driverless cars also comes from venture capital, and private fund, they are participants as well. In addition, governments of various countries and regions are stakeholders in the automotive industry, they are paying more and more attention to environmental protection, they play a key role in the infrastructure planning and construction of autonomous vehicles and electric vehicles in the future, they also play a certain role in promoting or restricting the use and development of new technology vehicles. In the future automotive ecosystem, enterprises are increasingly connected to each other, and more and more cross-industry companies have become dependent. With the acceleration of the pace of Technological Innovation, these companies are more dependent on each other (Reeves, Levin and Ueda, 2016).

Figure 6: Automotive ecosystem.
Networked, virtual, flat
In addition to traditional vehicle manufacturers, suppliers and distributors, ICT companies, new operators, service providers, content providers, and infrastructure companies are constantly integrating into the automotive industry, the original vertical line of industrial value chain gradually evolved into a cross-network form, and this network will be wider, more intensive and more complex.

Auto manufacturing organizations are showing trends in virtual operations. Organizational virtualization refers to forming business relationships with other companies through outsourcing of production, sales, R&D, and strategic alliances (Ji, 2014). For example, the company delegates some functional matters to law firms, accounting firms, management consulting firms, software companies, etc., and focuses on the enhancement of the company’s core technology and competitiveness.
Changes in traditional roles and vanish of industry boundaries, affecting the structure of the automotive manufacturers’ sector. The automobile industry is gradually becoming borderless, but enterprise management cannot be boundaryless. With the increasing popularity of some advanced technologies, the automotive industry is becoming more complex. In order to better manage in a complex environment, the flattening of information technology applications will become the mainstream mode of organizations in the future. The traditional pyramidal organizational structure is required to be transformed. In 2018, Tesla announced that the company's organizational structure will be reorganized and flattened to strengthen communication and simplify activities that “do not help the company’s success” (Kirsten Korosec, 2018). By reducing the management layers, the needless functions, the redundant personnel, and increasing the management scope, then establishing a flat organizational structure that makes organizations more flexible, agile, flexible, and creative in a complex network structure. 
Technology is crucial in organizational change; however, it is unpredictable and cannot be controlled. Technologies pose both threats and challenges to organizations, organizations need to build the capacity to respond to these technologies (such as changing strategies, adjusting organizational structures) use environmental uncertainties.
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