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Deployment of American Management System in Japan and Germany 
This paper considered the deployment of American management systems in Japan and Germany during the postwar boom years. Section 1 examines the deployment of industrial engineering. Section 2 considers the implementation of the Ford system. Regarding the research methodology, we establish the idea of “re-framing” as an original analytical framework, using which we analyze the various problems in deploying American management methods. Re-framing refers to business management methods and systems that are defined by structural characteristics of a country’s capitalism and how these are adapted, modified, and made compatible with the structural characteristics of capitalism in a country to which it is transferred. Five factors are related to re-framing. These are (1) structure of productive forces, (2) industrial structures, (3) market structures, (4) management values and cultural factors, and (5) institutional factors. 

1 Deployment of Industrial Engineering in Japan and Germany

1.1 Deployment of Industrial Engineering in Japan 

1.1.1 Social and Economic Background Regarding the Deployment of Industrial Engineering 

This section considers the deployment of IE in Japan by examining the social and economic background regarding such deployment. According to a 1956 report by an iron and steel productivity inspection team, the introduction of IE was deemed highly necessary on the basis of the assumption that the key difference between productivity between Japan and the United States was due to IE (Nihon seisansei honbu 1956, pp. 1, 4-5, 21-23, 98-99). In 1957, a study group was established in the Japan Iron and Steel Federation by eight companies and guided by E L. Fuse, an IE expert. Two years later, the group formed a committee that promoted the deployment of IE (Nihon tekko renmei tekko jyunenshi henshu iinkai 1969, pp.595-597, Yawata seitetsu shashi hensan jikko iinkai 1980, p.32). A significant contribution of IE to the American industrial world was that it indicated certain standards (Nihon tekko renmei IE shiryo kenkyukai 158, p.35). However, in Japan, when implementing IE for measurement and management, such standards were lacking, even in the latter half of the 1950s (Tekkokai 1957, pp.34-35). As a result, the purpose of work measurement became increasingly important. For instance, at the Mitsubishi Electric Corporation, the person in charge of work measurement played a major role in IE at the end of the 1950s (Hachimaki 1958, p.30). Under such conditions, a WF business agreement was reached between the Japan Management Association and the Work-Factor Company in 1958, which laid the foundation for introducing WF to the business world (Konno 1982, p.227). 

The competitive environment in which Japanese companies were involved also promoted the deployment of IE. More specifically, among several large businesses with similar powers, which belonged to six industrial groups, excessive competition, over-investment for plants and equipment, and newly formed business alliances raised the necessity to introduce IE (Noguchi et al 1965, p.229). Moreover, in 1962, the introduction and systematization of IE became necessary in response to the intensification of international competition and trade liberalization. Thus, the number of companies that introduced IE dramatically increased (Noguchi 1968, p.195, Nihon tekko remei jimukyoku et al 1962, p.71). In the Japanese iron and steel industry, a substantial reduction in the number of workers would be problem, even though it could be used as an anti-recession measure to set the standard time spread (Yasui 1986, p.201). In this industry, there were aspects that exceeded those in the American industry, such as the number of indirect personnel, including those in design, investigation, transportation, and administration despite the existence of equipment and machinery (Miyajima 1963, p.239). Therefore, minimizing costs through IE became an important issue.  

    Furthermore, the introduction of a flow production system and the development of innovation also raised the significance of deploying IE. In addition, under the continuing buildup of production with automation, adjustments in the time of each process became important cost-effective measures.  
    In the 1970s, IE was particularly deployed for labor savings, cost reductions, and personnel arrangement in several industries, such as the iron and steel industry, under a shift from high economic growth to low economic growth, which was brought on by the oil crisis (IE mondai kenkyukai 1975a, pp.77-78). In the electrical industry, the recognition was strong of the standardization and guarantee of quality, which had been indispensable with the mass mobilization of young women in the workforce, the deepening division of labor in the factory, and the thoroughness of the mass production system (through the use of conveyors) (IE mondai kenkyukai 1975b, p.99; IE mondai kenkyukai 1975c, p.139). 

1.1.2 General Conditions Regarding the Deployment of Industrial Engineering
This section examines the general conditions regarding the deployment of IE in Japan. The WF method was introduced in 1950 while MTM was first implemented in 1957 (Indasutoriaru enjiniaringu 1959, p.81; Miharada 1965, p.28; Tsusho sangyosho gorika shingikai 1967, p.62). In the latter half of the 1950s, the introduction and adaptation of IE in industrial enterprises advanced under the productivity movement. However, IE still lacked unity, and its development focused on operational management. During this stage, emphasis was primarily on human engineering, system engineering, and method engineering (Noguchi 1968, pp.170, 196, 207-208; Nihon tekko renmei jimukyoku et al 1962, p.71). By the end of the 1950s, the WF method began to spread (Ono 1959, p.60), playing an important role in method engineering (Ikenaga 1962, p.786). 

However, even in this period, unlike in the United States, the organization of IE in Japan was incomplete. At that time, setting work standards and time standards and training industrial engineers were urgent issues (Nihon seisansei honbu 1960, pp.22, 39-40, 58, 133-135; Ozaki 1959, pp. 362, 366). This reflected the fact that, whereas industrial engineers in the United States were known as professionals, they were considered non-professionals in Japan (Omura 1962, pp.915, 926).
   In this way, the completion and systematization of IE became necessary. However, rather than adjusting the contents of IE content, Japanese companies   placed greater emphasis on reshuffling distributed management based on work standardization (time-motion studies). Thus, the systemization of IE was delayed. In addition, Japanese companies addressed various methodologies for work       rationalization (e.g., production management, cost control, etc.). However, in this     period, the concept of function as the focus of IE in a company was still not sufficiently established (Noguchi 1968, pp.171, 196-197; Noguchi et al 1965, pp.224-225, 228; Indasutoriaru enjiniaringu kokunai shisatudan 1958, p.232). 
  IE was eventually established and systematized by integrating scientific       management techniques in the 1960s. (Inoue 1976, p.28). For instance, in the iron and steel industry, whereas IE activities were initially limited to work          improvement, the focus on standard setting eventually increased (Nihon tekko renmei jimukyoku et al 1962, p.71). Moreover, predetermined time standard systems (PTSs) used in Japan included the WF method and MTM. By the mid-1960s, the use of the WF method became quite widespread, exceeding that of MTM (Quick and Ikenaga 1965, pp.1100-1101; Bijinesu 1960, pp.69, 73; Konno 1982, 227). In contrast, in the United States, the most widely used method was MTM (Nihon seisansei honbu 1960, p.102; Nihon seisansei honbu 1964, p.42; Konno 1982, p.227). 
Therefore, the deployment of IE greatly differed between the two countries. Even in the 1970s, IE activities that extended into various fields, such as work measurement, work improvement, standardization, quality control, process control, and cost control, were independently performed in companies. There were no IE activities in which each measure was connected to one another and integrated as a total system (Ono 1970, pp.26, 31). It is possible to see the shift from individual applications to general and systematic adaptations of IE from the latter half of the 1960s to 1970 (Hibi 1975, p.30). 

   In Japan, the education of industrial engineers had already become an important issue in the early 1960s (Furukawa et al. 1961, p.103). However, as a 1967 survey pointed out, industrial engineers were not regarded as professionals, and their main tasks focused on methods. In many cases, industrial engineers in Japan were more inferior than those in the United States, and their time studies primarily used stopwatches (Taniguchi 1967, pp.1197-1200). In addition, the situation of factory engineers greatly differed in Japan and the United States. For example, in the United States, since numerous examinations regarding production aspects were performed before shifting to production, factory engineers were not always necessary. Conversely, in Japan, investigations regarding production technology were not sufficiently performed. As a result, technical issues frequently occurred during the start of production, and many factory engineers were required in order to solve such problems (Ueda 1967, pp.135, 137). By the mid-1960s, the standard and system for wage setting had become the focus of IE, and system improvements were mainly performed in the American iron and steel industry. In contrast, the design and improvement of a total system, which consisted of personnel, machinery, and materials, had become the focus of IE in Japan. However, the process of setting standards concerning personnel was still incomplete at this stage (Uchiyama 1966, p.34). 

One cause for such incompleteness in IE in Japan was the low abilities of the industrial engineers (Takeda 1967, p.580). As a result, around the end of the 1960s, greater emphasis was placed on method study and improvement rather than work measurement. In addition, standard time was generally employed as the standard of efficiency measurement, the basis of production planning, the calculation of personnel, and cost estimation (Omura 1969, p.16; Shida 1968, p.11). IE focused on other aspects of business management, such as standardizing work or setting standard values for management purposes (Jyuji 1968, p.6). 

Furthermore, the conditions surrounding the deployment of IE significantly differed among industries. For example, IE advanced the most in the iron and steel industry and in the processing and assembly industries, especially in the automobile industry and the electrical industry. Finally, the differences among companies were also significant. For instance, in the mid-1970s, among small and medium-sized firms, the use of modern IE methods was rare (Hibi 1975, p.31). Hence, the following section examines the introduction of IE in the main industries as well as their representative companies. 
　1.1.3 Deployment of Industrial Engineering in the Main Industrial Sectors 1.1.3.1 Iron and Steel Industry 
In this industry, IE achieved results in the field of method engineering. Improving business affairs and performing standard setting were two pillars of IE (Nihon tekko renmei junenshi henshu iinkai 1969, pp.606-607). IE for quality improvement and cost reduction was introduced in the first rationalization plans from 1951 to 1955 and   fully utilized as an IE system in the second rationalization plans from 1956 to 1960. During this period, standardization for realizing consistency in production (under the introduction of automation technology) was promoted. Moreover, synthesization and systematization of IE were pursued, after which IE was introduced in earnest for the purposes of planning work duties, setting the standard amount of work, and overseeing its strict accomplishment (Inoue 1976 p.30). Furthermore, personnel assessments on a company-wide scale were implemented, and improvements in management functions, such as investigations regarding equipment capacity, process control, transportation management, and inventory control, became important (Nihon tekko renmei jimukyoku et al 1963, p.81). 
    The application of standard time to labor management developed the most around 1962, when personnel rationalization was necessary due to the recession at the time (Nihon tekko renmei junenshi henu iinkai 1969, pp.607-608; Goji et al 1969, p.896). Thus, the reduction of workers based on the setting of standard time became the top priority in IE (Yasui 1986, p.207). During the 1960s, the importance of personnel rationalization, rationalization of contract management, and approach to management issues increased. Consequently, IE became increasingly important for top management (Nihon tekko renmei jimukyoku 1966, p.100; Nihon tekko renmei jimukyoku 1967, p.95). In fact, by the end of the decade, the scope of IE expanded into the design of management systems, analysis of management issues, productivity improvement, and cost reduction. IE was also applied to personnel rationalization in indirect departments (Nihon tekko renmei junenshi henshu iinkai 1969, pp. 605, 608). There were five overall goals: (1) improving work and equipment; (2) setting standard time for workers; (3) designing management systems; (4) providing consultations; and (5) other business-related activities. Furthermore, establishing regular personnel was an important part of many IE projects, followed by job and office work improvement, management of equipment, standard setting, and process control (Ono 1968, pp.65-670). Setting a standard time was applied to the new system of efficiency wages as well as conventional personnel assessments (Nihon tekko renmei jimukyoku 1968, p.103). From the late 1960s to the early 1970s, self-management activities played a significant role in method engineering and improving morale. Thus, IE that engaged in the promotion of self-management became increasingly important (Nihon tekko renmei jimukyoku 1972, p.80). 

Cost reduction was also an important part of IE activities after 1973, especially during the oil crisis (Nihon tekko renmei jimukyoku 1974, p.80: Nihon tekko renmei jimukyoku 1975, pp.100-101; Nihon tekko renmei jimukyoku 1976, pp.65-66; Nihon tekko renmei jimukyoku 1978, p.66). Subsequently, the role of IE was important in the implementation of fixed-cost reduction measures during the 1980s. To promote production efficiency in both the upstream and downstream processes of the organization, IE continued to focus on improvements from all perspectives (Tekko no ai ii 1984, pp.14-15). 
　

　　1.1.1.3.2 Automobile Industry
　The introduction of WF as a new method of standard setting made an impact, especially with regard to the ratio of labor costs to production costs, which was very high in the assembly industry (Kikuchi 1968, p.608; Sakano 1963, pp.220, 223-225). For instance, at the Nissan Motor Corporation, due to new product releases, constantly changing automobile models, and new factory openings, various problems, especially those related to factory layout and material handling, were widespread. In addition, issues related to cost reduction and equipment investment occurred (Takai et al. 1968, p.8; Omura 1959c, p.450; Sakano 1963, p.225). Under such conditions, the training of IE staff became an important issue. By the end of the 1950s, top management, such as those at the Toyo Kogyo Corporation, began to recognize the necessity of having IE staff members (Omura 1959c, p.450). 

In 1955, at the Nissan Motor Corporation, imbalances in setting standard time via the stopwatch method and the adoption of a group premium wage system resulted in constant complaints (Tsusho sangyo sho gorika shingikai 1967, p.73; Kyushu indasutoriaru enjiniaringu kokunai shisatsudan 1959, p.18). In response, the company completed a master table of all work-related activities, and a standard time was set for every section. The company-wide application of standard time via the WF method had begun, and the management system was established. In this case, suggestions for work improvement and efficiency control were the main fields of IE. In addition, the company pursued cost reductions for parts purchased from other companies. Such reductions were based on the guidance of work measurement and improvement methods for parts companies, decisions regarding various costs according to value analysis (VA), and the establishment of specialized lines (Nissan jidosha kabushikigaisha somubu chosaka 1965, p.294; Kyushu indasutoriaru enjiniaringu kokunai shisatsudan 1959, p.18; Tsusho sangyo sho gourika shingikai 1967, pp.62-63, 79; Omura 1959b, pp.101, 103-104; Sakano 1963, pp.202, 206). Management of the number of work hours (mainly based on standard time) was also implemented. Whereas the WF method was primarily adopted for manual work, machining time was based on technological considerations and statistical methods (Tsusho sangyo sho gorika shingikai 1967, pp.65-66). 

   IE departments at central-office levels were eventually established. Such departments not only played a role in top management but also engaged in IE activities at the factory level. (Tsusho sangyo sho gourika shingikai 1967, p.64). For example, at the Toyo Kogyo Corporation, a master table related to the standardization of work was created in 1949, after which the WF method was adopted in 1955. In 1958, work sampling was introduced and standard time was established. Moreover, improvements were made in measurement precision, and the rate of operation was realized (Toyokogyo kabushikigaisha gojunenshi 1972, pp.301-302). 
1.1.3.3 Electrical Industry
Whereas time studies utilized the stopwatch method until the mid-1950s, conversion to the WF method was achieved by the end of the 1950s. However, in this particular industry, MTM was still in its infancy; thus, it was not adopted. At that time, the representative companies in the field of IE continued to emphasize the following aspects: work standards and standard time, cost reductions, plant layout, standardization, and suggestion systems. Moreover, quality standards were established, after which technical alliances with foreign firms had a significant influence on such standards. This was a characteristic typically found in the electrical industry (Sato 1959, pp.266-267). 
However, there were differences between the sections regarding mass-produced products and those related to individual order production. For example, for home appliances, in which mass production via conveyors was dominant, setting a standard time was achieved by the WF method, and in many cases, standard time was used for both process and personnel planning (Tsusho sangyo sho kigyoukyoku 1969, p.105). In contrast, as large-sized individual orders were produced, the Kawasaki factory of the Fuji Electric Corporation employed the stopwatch method in time studies. It was not until the early 1960s that the WF method and MTM were adopted (Omura 1961, p.194). 
　Regarding individual enterprises, in 1950, the Mitsubishi Electric Corporation   introduced the WF method to improve the estimation techniques of elementary motion. In 1951, the company introduced a training program for work-factor engineers, and by 1954, the WF value was adopted as the standard time value and company-wide standard time was established for both mass production and individual production (Mitsubishidenki kabushikigaisha shashi hensansitsu 1982, pp.106, 275). In the Itami factory of this company, the core IE activities from the late 1950s to the early 1960s included the creation of a work-study subsection, which was responsible for conducting work performance measurements and making method improvements (Omura 1960, pp.170-172). In the mid-1960s, the Matsushita Electric Corporation particularly emphasized traditional IE rather than modern IE. This company also made an effort to improve material handling, realize premeditated production, shorten production schedules, and cut down the overall production period by introducing method engineering and conveyor systems (Daisanji aiii kokunai shisatsudan 1965, p.18).
1.2 Deployment of Industrial Engineering in Germany
1.2.1 Development and Impact of Industrial Engineering
Next, the deployment of IE in Germany is examined. Even in Germany, according to a 1948 source, manufacturers began to place great significance on work study (Kothe 1948, p. 10). For example, electrical manufacturer AEG noted that from the 1950s to the 1960s, the rationalization of work and time studies played an important role in productivity improvement［AEG Archiv, GS2052, Programm für durchzuführende Arbeits- u. Zeitstudienim Geschäftsjahr 1959/60 (12.10.1959), AEG Archiv, GS2052, Programm für durchzuführende Rationalisierungsmaβnahmen im Geschäftsjahr 1960/61 (2.12.1960), AEG Archiv, GS2052, Programm für durchzuführende Rationalisierungsmaβnahmen im Geschäftsjahr 1961/62 (5.12.1961), AEG Archiv, GS2052, AEG Archiv, GS2052, Programm für Rationalisierung im Geschäftsjahr 1964 (8.6.1964), AEG Archiv, GS2052, Programm für durchzuführende Rationalisierungsmaβnahmen im Geschäftsjahr 1966 (21.1.1966), AEGArchiv, GS2052, Geschäftsbericht 1959/60 an Dir. Mempel (2.12.1960), AEG Archiv, GS2052, Geschäftsbericht 1960/61 an Dir. Mempel (5.12.1961), AEG Archiv, GS2052, Geschäftsbericht1962/63 an Dir. Mempel (2.6.1964), AEGArchiv, GS2052, Durchzuführte Rationalisierungsvorhaben im Geschäftsjahr 1963, AEG Archiv, GS2052, Durchzuführte Rationalisierungsvorhaben im Geschäftsjahr 1966 (5.4.1967)］. However, by the mid-1950s, the German organization REFA’s activities and wage payment methods were becoming prominent (Free 1955, p. 67, Pavel 1957, p. 22). For example, in a March 1956 survey of 2,655 corporations conducted by Ifo, REFA systems accounted for as much as 80% of the work study methods used by manufacturers, with REFA systems having taken a dominant position (REFA-Nachrichten 1956, pp. 91-94, Pechhold 1956, p. 147).
However, the situation changed by the latter half of the 1950s. The increasing importance of work and time studies, along with the further development of REFA’s methods, is particularly apparent in the US predetermined time method. Even in West Germany, use of such methods expanded greatly by the end of the 1950s (Schmiede and Schudlich 1981, p. 359), and REFA was instrumental in its deployment. In the early 1960s, REFA was at the IE expansion stage, and had translated a US handbook into German (Billhardt 1962, p. 249). Upon publication of this translated IE Handbook, the first education course in this field was conducted using improved teaching methods (REFA-Nachrichten 1964, p. 186). However, by around 1960, the original industrial engineering training had been around for quite some time in Anglo-Saxon countries, and in West Germany the opportunity to receive training in the IE field was largely nonexistent apart from the efforts of several organizations like REFA (Bramesfeld 1960, pp. 1259-1260).
IE training began to significantly increase in the 1960s. The structure of training events fundamentally changed in 1969, with IE courses comprising 24.7% of all education courses (REFA-Nachrichten 1970, p. 77). In addition, the number of work study personnel trained in WF and MTM had risen to 2,491 by 1966 (Schmiede and Schudlich 1981, p. 360). There were a total of 52 IE seminars by the mid-1973, and about half of the candidates who completed the course were in IE positions, with the remainder being managers responsible for production control or business management, heads of labor science departments, or their assistants (Pechhold 1974, pp. 219-220). Regarding IE materials and books, 1967 saw the publication of a companion volume to the IE Handbook, thereby completing the REFA standard works for engineer training. Further, as REFA’s third original report, a magazine was published for work studies and IE managers (Pechhold 1974, p. 195), and from 1971 onward, Industrial Engineering Magazine was published on a bi-monthly basis (Pechhold 1974, p. 233). 
Responding to wages and cost pressures was an issue in the spread of IE in the mid-1950s when Germany was at full employment. Because of this issue, the   predetermined time method was implemented primarily for labor efficiency (in job design). However, the overall spread of the predetermined time method was    generally first considered successful during the downturn of 1966/67 and its     subsequent easing of the tight labor market (Schmiede and Schudlich 1981, p. 369). 
Next, the deployment of WF and MTM will be examined in detail.
1.2.2 Deployment of Work Factor Method 

WF deployment was accomplished with the cooperation of US corporations and through licensing methods. REFA assisted in the deployment and spread of predetermined time methods such as WF (Schmiede and Schudlich 1981, pp.400-401). On February 1, 1958, REFA and the Work-Factor Company signed an agreement on implementing WF training courses in West Berlin and West Germany (Siemens Archiv Akten, 7882, Beurteilung und Einsatzmöglichkeit des Work-Factor-Verfahrens. Das Work-Factor-Verfahren als Hilfsmittel der Arbeitsgestaltug und der arbeitstechnischen Vorplanung, p. 9, Jaeckel 1961, p. 223). The Work-Factor Company was a technical consulting organization that provided global IE services to economic and industrial institutions (Siemens Archiv Akten, 16020, Aus Theorie und Praxis des Industrial Engineering in den USA, p. 91). After extensive research into number systems (MTM, WF, BMT, DMT, etc.), the REFA Institute for Labor Science became a licensee of the Work-Factor Company (Vgl. Siemens Archiv Akten, 16020, Aus Theorie und Praxis des Industrial Engineering in den USA, p. 20, Jaeckel 1961, p. 223). REFA also acquired the rights to translate the Work Factor Handbook and the rights to use the German translation which was based on the Dutch company, Philips. The second WF training course held in September 1958 was conducted by two people from Philips under contract with the Work-Factor Company, and Philips was heavily involved (Siemens Archiv Akten, 7882, Beurteilung und Einsatzmöglichkeit des Work-Factor-Verfahrens, p. 10). However, the situation changed greatly in the 1960s; by 1964, REFA instructors were using the original German training materials (Pechhold 1974, p. 193). Other corporations, such as AEG, Bosch, Siemens, and Olympia, acquired their own WF licenses, and deployed the American system (Schmiede and Schudlich 1981, p. 360).
At the beginning of the 1960s, as the productivity movement was drawing to a close, job design was becoming more important than standard time settings because of the rapid onset of mechanization (Deininger 1962, p. 146). REFA regarded WF as an appropriate tool for job design (Siemens Archiv Akten, 7882, Beurteilung und Einsatzmöglichkeit des Work-Factor-Verfahrens, S 10), and the focus of its activities shifted increasingly away from predetermined time methods toward job design in the latter half of the 1950s. In this manner, the significance of motion study increased, and WF deployment also became more significant (Votsch H 1962, S 62).
1.2.3 Deployment of MTM
Study trips under the auspices of the US Technical Assistance Plan played an important role in the study and deployment of MTM methods, to which REFA also greatly contributed［Vgl. Bundesarchiv koblenz, B102/37261, Technische Akademie Bergische Land e.V.: TA-Studienreise nach USA auf dem Gebiet des MTM-Verfahrens (Methods Time Measurement) (13.10.1952)］. Many of REFA’s regional branches saw the possibility of providing information on US time study systems (Pechhold 1974, p. 125).
According to a source in 1963, MTM saw its greatest usage in the US but was also spreading in Germany (Witte 1963, p. 104), primarily being taught and spread by foreign consulting engineers. In comparison with WF, MTM had a more long-term, subdued role; however, in 1963, companies that had executed it formed the German MTM Association (Siemens Archiv Akten, 16020, Aus Theorie und Praxis des Industrial Engineering in den USA, p. 20). The greatest impediment to European worker productivity, other than the delay in mass production and large-scale lot production, was supposedly job design and work flow, which was far weaker than in the US. The German MTM Association accepted the US predetermined time method in 1964/65, adapted it to German circumstances, and disseminated it throughout Germany (Birn 1968, p 234, p. 236).
The German MTM Association’s membership grew 2.6 times, from 115      corporations in 1966 to approximately 300 in 1973. The employees of these     member companies more than quadrupled, from roughly 500,000 to 2,000,000. More than half of these member companies were in the precision equipment (30% in 1974) and metal processing (23% in 1974) industries, and other industries included clothing (14%), steel (4%), chemical (4%), service and banking (5%) industries (Vgl. Deutsche MTM Vereinigung e.V. 2002, p. 31, Mergner et al 1974, pp. 175-176). In many cases, activities sponsored by organizations such as the German MTM Association were made possible with the cooperation of corporations and similar organizations in the US. The new US motion and time study methods were often implemented in Germany through private US companies (Schmiede and Schudlich 1981, p. 359).
1.2.4 Deployment of the Work Factor Method and MTM in the Major        Industrial Sectors

Looking next at major industrial sectors, IE methodologies were first deployed in various areas within mass production management, but the primary focus was the electrical and automotive industries. At Bosch, a transition to WF methods began in the mid-1950s, but in 1960 the decision was made to use MTM, and work councils and company management signed a shop agreement. MTM deployment had special priority in the production department, and was afterward expanded for the first time, though on a smaller scale, to the maintenance and control departments (Rau 1968, pp. 169-170). Daimler-Benz also used MTM from the 1960s onward. Although in retrospect, there were but a few cases of MTM being used at Daimler-Benz, in the German automotive industry in general or even in various departments within the electrical industry, MTM proved to be the best tool for job design and time economics (Arlt 1978, p. 143).
A 1965 IG Metall report states that WF, MTM, and other predetermined time methods were gaining popularity in the metals industry. For example, corporations in the steel industry were systematically moving toward the streamlining of maintenance and repair departments using predetermined time methods based on the deployment of wage incentive systems. The shipbuilding industry also increased its usage of predetermined time methods (IG Metall 1965, pp. 127-128). Deployment of predetermined time methods in maintenance tasks could also be seen in the chemical and mining industries (Vgl. Erdmann 1969, pp. 310-311). A 1969 report noted that usage of IE methods was not limited to the machinery or transportation equipment industries, but was spreading to steel and metals, clothing, construction, chemicals, and even service industries (Schlaich 1969b, p. 6). For example, MTM was being used in the sewing industry by the 1950s (Hopf 1979, p. 67), and all sorts of MTM-based data systems could be used to locate time data within the clothing and machinery industries (Hopf 1979, p. 72). To German industries, IE was an important element in creating satisfactory management results and competitive advantage (Schlaich 1969b, p. 7). The deployment of WF and MTM in the electrical industry and the chemical industry will be considered.
    1.2.4.1 Electrical Industry
In the electrical industry, WF attracted attention at the end of the 1950s at Siemens as an aid to job design planners and production equipment designers, and both WF and MTM were the most well-known work study methods (Siemens Archiv Akten, 7882, Beurteilung und Einsatzmöglichkeit des Work-Factor-Verfahrens, p. 1, p. 3, p. 9). Siemens implemented approximately 15 WF information education courses by 1962, and in addition to sponsoring many seminars for supervisors and specialists had roughly 100 WF-trained workers in their factories. The largest portion of these trained personnel worked in production preparation and work planning departments for large-lot and mass production. The Siemens Work Factor Group comprising nine members from three Siemens companies was formed, and the results of their work were tested and then conveyed to the REFA Institute, after which they could be adopted by any company that had WF-trained personnel (REFA-Nachrichten 1962, p. 257). 
An “IE Theory and Practice in the US”-themed study group participated in a US IE Institute international conference and a WF international conference, and visited Westinghouse, Bell and Howell, Teletype, and the Work-Factor Company. Siemens’ WF instructors were instrumental in providing guidance in the preparation of Germany's public WF manual. By April 1964, a total of 615 people had participated in 35 WF training courses held in West Germany. Twelve of these courses were taught internally for Siemens’ organizations, and Siemens had approximately 150 trained WF personnel. In two particular teacher training courses, there were 31 REFA instructors qualified to teach, of which eight were Siemens employees. At the time, 27 major corporations, such as Siemens, AEG, Olympia, and Zeiss, were formally using WF, and it was becoming clear that it would be necessary to adapt WF to the overall situation in Germany as well as to the special environment within Siemens. To that end, Siemens formed a team of specialists experienced in WF. This study group was conscious of the need to modify WF for a number of reasons, and they applied Siemens’ scientific human engineering research not only to psychological effects but also to specific operations. This same group published a companion volume to the internal Siemens manual so that WF could be uniformly used across Siemens organizations (Siemens Archiv Akten, 16020, Aus Theorie und Praxis des Industrial Engineering in den USA, p. 20, p. 22), and a document explaining WF was created in 1970［Siemens Archiv Akten, 8679, Daten für die Gestaltung von Arbeitsplätzen (April 1970), Work-Factor-System (WF), Einführung］. 
1.2.4.2 Chemical Industry
Next, the deployment of WF and MTM in the chemical industry is examined. Within the chemical industry, Glanzstoff decided to deploy WF in the REFA Institute training courses, and both four-week basic and one-week information training courses were held［Rheinisch-Westfälisches Wirtschaftsarchiv zu Köln, Abt 195, F5-5, Betriebs-gebundene Work-Factor-Lehrgänge (15.5.1961)］. WF specialists from US consulting firms conducted practical work and research studies as part of the WF deployment. As a result of a detailed examination of both WF and MTM methods, Glanzstoff pressed ahead in using the WF method［Rheinisch-Westfälisches Wirtschaftsarchiv zu Köln, Abt 195, F5-5, Anwendung des Work-Factor-Verfahrens bei Glanzstoff (12.12.1961), pp. 1-5］. 
A 1962 document by Glanzstoff's rationalization department showed that predetermined time methods such as WF and MTM were excellent ways to make systematic improvements (Rheinisch-Westfälisches Wirtschaftsarchiv zu Köln, Abt 195, F5-5, Die Schrift der Rationalisierungsabteilung von 27.9.1962, p. 2). Time units of less than 1/1000 (.06 seconds) became the elements of work analysis through film and predetermined time methods (WF and MTM). This was one reason BASF chose to compare results from various time measurement devices using test film and high-speed camera photography, and to compare predetermined lengths of time as well (Lorenz 1962, p. 283). Deployment, however, varied by company, and Henkel, for example, used methods like IE to a very limited extent, even in the latter half of the 1960s (Hilger 2004, pp. 181-182).
With new methods such as IE, predetermined time methods were not negotiated between workers and those making time measurements as done in the REFA methods; instead, the usage and modifications of performance measurements were negotiated between management and work councils that represented workers, or between management and labor unions (Schmiede and Schudlich 1981, pp. 371-372). There was a great deal of opposition to certain aspects of the predetermined time method, but the fact that labor unions did not oppose them in principle made it much easier for corporations to implement (Schmiede and Schudlich 1981, p. 362).
1.3 Japanese and German Characteristics in the Deployment of Industrial Engineering 
1.3.1 Japanese Characteristics in the Deployment of Industrial Engineering 
Based on the foregoing discussions, this section will clarify Japanese and German characteristics in deployment of industrial engineering. As we first look at Japanese characteristics, the following items can be pointed out as the main characteristics of IE deployment. 
(1) Systematic efforts based on cooperation of business associations: In

Japan, IE was promoted and developed in solidarity with the business world, as seen in the IE study committee in the iron and steel industry. There were no such efforts in foreign countries (Nihon tekko renmei junenshi henshu iinkai 1962, p.612). This reflected the situation in which the results of process studies by institutions, such as REFA in Germany, did not exist in Japan. 
(2) Influence of function and role of supervisors at the workplace: Regarding supervisors at the workplace, first-line supervisors, which are comparable to foremen in the United States or meisters in Germany, did not exist in Japan. This shows that traditional IE was not utilized in factories and that the deployment of IE was still a rudimentary activity (Jyuji 1968, pp.7-8). In addition, foremen in the United States had considerable authority compared to those in Japan (Kasahara and Tezuka 1968, p.16; IE 1968, p.11). Thus, the general foreman system was adopted in the iron and steel industry, which greatly advanced the deployment of IE. IE was systematically implemented in the workplace under the establishment of line and staff organization by the general foreman system. This was introduced in the Yawata Iron and Steel Corporation for the first time in 1958, after which it prevailed in many other companies. Substantial power over subordinates was given to general foremen, and the function of IE was mainly absorbed into staff organization. This process, in which the line manager (led by the general foreman) assumed the central role, became the primary function of IE (Yawata seitetsu kabushikigaisha shashi hensan iinkai 1981, pp.706-707; Katsui 1968; Noguchi 1968, p177; Komatsu 1968, Sumitomo kinzoku kogyo kabushikigaisha shashi henshu iinkai 1967, pp.169-170; Dai niji indasutoriaru enjiniaringu kokunai shisatsudan 1959, pp. 301-306). Thus, an important character can be seen in that the general foreman, specified as a principal player in IE, was sometimes given responsibility for cost control, cost reductions, and overall labor management. 
(3) Development of small group activities at the workplace through IE: In the field of IE in Japan, there were problems related to work measurement (Ono 1968, p.70). However, the work measurement that was so popular in the United States and Germany was not thought to be a fit for Japan, and many corporations focused entirely on continuous method engineering (Jyuji 1969, p. 2). This showed that IE played a considerable role in the development of various improvement activities, which had been expanded in Japan. Unlike in the United States, where standard time was set in relation to wages and working hours, in Japan, it was also important to use the number of work hours as the standard for making improvements and evaluating results (Jyuji 1973a, p.9; Jyuji 1973b, p.47). Meanwhile, IE was implemented for quality-control activities. For example, at the Kobe Steel Corporation, IE activities were developed as a part of its total quality control (TQC) effort to improve the company’s constitution (Tekkokai 1964, p.21). 
(4) Difference of characteristic of work standard between Japan and the US: In the United States, “work standard” means the terms of a worker’s contract. In American-style work management, work standard and work time had an apparent meaning. Conversely, in Japanese-style work management, the term only showed the content of the work to be performed. Thus, it was more effective to use standard time not as a standard for evaluating the worker but as the “time as the goal for a given work standard.” In the United States, in job design, the necessary work for an organization is decided according to the nature of the work, after which it is assigned to an individual. In this regard, job design forms the terms of the contract. However, Japanese-style job design presents the overall goal of the work and leaves a certain amount of flexibility for the individual (Jyuji 1973c, pp.100-102).
(5) Difference of emphasis in use of predetermined time standard system between Japan and the US: Regarding the use of a predetermined time standard system (PTS), for example, work improvement, cost accounting, and cost estimate had the highest applications during the 1950s in both Japan and the United States. However, the application of IE in setting work methods (before shifting to production) was lower in Japan than in the United States. In contrast, such work planning and decisions regarding personnel were higher in Japan than in the United States. In this case, emphasis on the use of IE differed greatly between the two countries (Indasutoriaru enjiniaringu 1959, p.85). 
(6) Function of IE as labor management: In addition, IE was rolled out in connection with labor management functions. For example, different employment practices among Japanese corporations, such as the seniority wage system and lifetime employment, led to inconsistent labor targets for IE and differences among other IE elements (Ueda et al. 1967, p.539). Furthermore, upon implementation of the work-factor method, reforms were made to wage systems, particularly to wage rates along with job analysis (Inoue 1976, p. 29). IE was originally developed with the two pillars of work measurement and method improvement. However, it was eventually applied to a wider field in Japan (Wada and Jyuji 1967, p.519: Nakayama et al 1960, pp.121-122).
   (7) Role of education of managers and supervisors: There were many cases in which American methods of manager education and supervisor training, such as TWI and MTP, were used to implement IE. For instance, at the Toyota Motor Corporation, TWI and MTP were used for full-scale standardization, and they were also introduced in subcontracting enterprises to make company-wide improvements (Toyota jidosha kogyo kabushikigaisha shashi henshu iinkai 1958, p.417; Toyota jidosha kabushikigaisha 1987, p.227; Wada 2009, pp.521-524; Fujimoto 1997, pp.69, 117). The Yawata Iron and Steel Corporation also established a standard work method (Nihon tekko renmei sengo tekkoshi henshu iinkai 1959, p.997). At the Fuji Electric Corporation, the introduction of TWI for training first-line supervisors became an effective means of developing IE (Fujidenkiseizo kabushikigaisha 1974, p.225). 
(8) Development of IE based on IE organization for top, middle, and lower management: We can also see an important characteristic of IE in Japan since its activities could be divided into three stages: (1) a central office IE department, which offers services for top management and general managers; (2) an IE department, which provides services to the heads of production and plant managers; and (3) an IE section, which offers services for individual workplaces (Daisanji Ai ii kokunai shisatsudan 1965, p.153). In the mid-1960s, most of the activities were implemented in Japan in the third stage, with work improvements, setting a standard time, work sampling, work measurements, cost estimations, and design and management of inspection instruments as the core functions. In the second stage, system engineering was carried out to some extent, even though it was not as wide as the third stage (Ueda 1966, pp.1277-1278). However, IE was not effectively diffused from the top to the bottom levels of management (Block 1964, p.515). 

(9) Inssufficient recognition and operation by IE line managers: Although the use of IE methods increased, there were still many problems with regard to IE ideas, recognition of IE by line managers, and operations by industrial engineers. IE efforts were naturally obstructed by such issues (Daisanji Ai ii kokunai shisatudan 1965, preface). The following five points can be considered relevant problems in the field of IE: (1) activities regarding operation systems and control systems; (2) activities related to troubleshooting and making improvements in existing systems; (3) the rate of IE activities, which were performed depending on the demands of line managers; (4) cases in which the number of personnel in the IE section was high; and (5) when company-wide IE was insufficient or not established (Daisanji Ai ii kokunai shisatsudan 1965, pp.177-178). Furthermore, in Japan, although the number of universities with IE sections in engineering departments increased, the spread of IE education was considerably late compared to that in the United States (Daisanji Ai ii kokunai shisatsudan 1965, pp.146-147). 

(10) Development of IE including suppliers under Japanese subcontracting system: In Japan, the broad existence of parts companies and cooperating firms, such as subcontracting firms, supported the production system of large enterprises. Thus, detailed rationalization and improvement activities through the introduction of IE were promoted (Tsusho sangyo sho gorika shingikai 1967, p.79; Miyajima 1967, p.331). Guidance and instruction in standard setting by large enterprises was a significant reason for building close inter-firm relationships and establishing production networks under Japanese subcontracting firms.
(11) Influence of nationality and climate: In the introduction of IE, influences from differences in the material traits and climates in Japan and the United States were significant. Among the many management techniques introduced from the United States, management methods directly related to “things,” such as quality control (QC) and value analysis (VA), were taking root by the latter half of the 1960s. In contrast, management techniques related to human mental activities, such as IE, did not achieve good results. It is possible that such differences between Japan and the United States were one of the major causes. In contrast with American companies, in which work began after responsibilities were prescribed and the authority of each member was predetermined, in Japanese enterprises there were many cases in which a vague organizational system was in place and responsibilities were discussed after the work had begun (Dai sanji Ai ii kokunai shisatsudan 1965, p.150; Tshusho sangyo sho kigyokyoku 1969, pp.105-106, 133). Even at the end of the 1960s, the recognition of management, including IE, was insufficient since the responsibilities of front-line supervisors were still uncertain. Thus, it was necessary to establish management standards for front-line supervisors and clarify certain responsibilities (Tsusho sangyo sho kigyokyoku 1969, p.112). In the United States, based on pragmatic thinking, companies searched for a solution to the problem by focusing on methods without establishing particular theorems and systems. In other words, once a new method was discovered, it was widely used as the “standard.” In contrast, such thought and spirit of pragmatism did not exist in Japan (Kuroita 1959, pp.317-319).
1.3.2 German Characteristics in the Deployment of Industrial Engineering
　Next, characteristics of the German IE deployment are examined. The following items can be pointed out as the main characteristics of IE deployment.   

(1) Emphasis on the production management function: Compared to Japan, Germany placed greater emphasis on the production management function. Moreover, Germany had a history of activity among organizations, such as the REFA, engaged in process studies that were an important factor in the IE rollout and also the combining of German and American elements.
(2) Characteristics of IE organization: Regarding the organization of IE and industrial engineers, even in Germany during the mid-1970s, it was rare that IE functions were only performed by the IE department (Simon 1976, p.116). Whereas industrial engineers were assigned to the staff department in the United States, they were assigned to the production line department in Germany (Fortschrittliche Betriebsführung und Industrial Engineering 1977, p.354).

(3) Educational background of IE engineers: In addition, looking at the educational background of IE personnel, even at the end of the 1960s, whereas the rate of engineers or university-graduate engineers in the departments of work study, time study, and process planning was 46% in the United States, it was only 13% in Germany. Again, the situations significantly differed between the two countries (Schlaich 1969b, p.5) Furthermore, the conditions in which IE personnel were trained by institutions, such as REFA in Germany, were based on such aspects. 

(4) Involvement and influence of REFA: Within IE, American methods such as WF and MTM were promoted on the basis of REFA’s strong involvement, along with the cooperation of the Work-Factor Company, German MTM Association, consultants, and others. Between the late 1950s and the first half of the 1960s, US superiority in IE had greatly diminished compared with similar standard methods used in other progressive industrial nations (Hartmann 1963, p. 125). However, REFA had traditionally played an important role in Germany since the rationalization movement of the 1920s. K. Schlaich notes that, from an operational perspective, it is only natural that the spread of IE is mainly attributed to REFA (Schlaich 1969a, p. 234). A 1960 Hämmerling report noted that there were certainly efforts to reduce production times through a partial adoption of new methods such as MTM and WF based on US practice, but these methods would not have succeeded without their incorporation into REFA’s methods (Hämmerling 1960, p. 127). A 1975 Schwartzman report noted that the German industry had built work studies based on REFA thinking over the last several decades (Schwartmann 1975, p. 205). 
The dissemination of IE was related to REFA activities, and was also greatly affected by US-based IE. REFA had researched and examined various predetermined time methods including MTM and WF for a long time, and as a result decided to support WF, obtaining a license to use and disseminate the method (Jaeckel 1961, p. 223, p. 223, Pilz 1961, p. 124). However, REFA did not, for the most part, deprioritize its own systems in promoting WF. In relation to the aspect of hybridization, the following mix of American and German factors in management and production systems can be observed. Industrial engineering methods such as the Work-Factor Method and Methods-Time Measurement were incorporated into the traditional German REFA system. As a result, these US methods were not widely adopted in German industry, unlike countries such as Sweden, where the creator of MTM, H.B. Maynard and his consulting firm, were highly successful in selling the method to corporations (Kipping 2004, p 36). Thus, regarding the broad spread of American IE methods, a delay can be seen compared to Japan. In addition, the differences in the selection of the WF method or MTM among industries and enterprises were considerable. 
In general, small and medium-sized firms in Germany enjoyed predominance   over American competitors in the field of IE based on the existence of REFA and its unified theory and education. REFA also greatly improved productivity in the German economy by helping establish and maintain a relatively high level of IE in the country. Meanwhile, an organization with a unified theory and educational program, such as the Federation of Industrial Engineering in Germany, was not created in the United States (Fortschrittliche Betriebsführung und Industrial Engineering 1976, p.342). 
   Therefore, procuring training and deployment routes for IE methodologies, like the agreement with Work-Factor Company or the use of consulting firms, provided characteristically greater opportunities for the deployment of American-style methods, unlike other management methods. An additional important characteristic was that German organizations played a major part, as can be seen in the efforts and roles of REFA and the German MTM Association. However, the deployment and dissemination of American-style methods continued with the help of REFA’s leadership in work studies and their activities in the 1920s, along with the attempts to apply these methods to German circumstances under REFA’s strong influence.
   In the postwar boom years, emphasis was placed on REFA activities in job design, work measurement, and work evaluation; by the 1970s, management organization issues had become the focus (Schelm 2004, pp.14-16, 18).  However, in Germany, even in the mid-1960s, techniques and methods in the field of business management, especially IE, did not always progress (Tokimura 1965, p.730). Under such conditions, the deployment of IE continued to be based on work measurement rather than on the application of IE methods in various fields. Furthermore, the generalization and systematization of IE did not progress as it did in Japan.
1.4 Re-framing in the Deployment of Industrial Engineering in Japan and Germany
  Building upon the preceding analyses, finally, deployment of Industrial Engineering is considered with regard to factors determining the “re-framing” of such American management methods (see Table 6-1 and Table 6-2). 

   Considering the amalgamation of American and Japanese elements, hybridization can be observed in introduction of the job-based wage under the deployment of the work-factor method. Use of standard work time is combined with thinking of job improvement and contributed to the development of improvement activities. 
When examinng the deployment of IE in Japan with regard to important factors that effected on the implementation of such American management methods, influences of management values and management traditions and cultures, such as management values based on Japanese collectivism and mutual trust between company members and those emphasizing relationships between management and labor based on a weak contracting view can be seen in the following points. Work standards tended to be used not as the terms of workers’ contracts but a loose standard, which was deeply concerned with characteristics of Japanese improvement activities. Standard work time was used as a benchmark in establishing goals of job improvement by general foremen and evaluating the results. Management values emphasizing the role of production spots and relationships between management and labor based on weak contracting view (organization and its operation in which relations of authorities and responsibilities was unclear) influenced the implementation of IE. 
In reality, there were many cases wherein the Japanese method of management was pursued, even though mechanisms and principles for improving efficiency were introduced. In particular, due to the influence of Japanese corporate traditions and management values, many Japanese companies sought the Japanese-style adaptation. Management values emphasizing the role of production spots, relationships between management and labor based on weak contracting view (organization and its operation in which relations of authorities and responsibilities was unclear), management systems such as the general foreman system, and the development of mass production based on the flow production system and automation were strong.
In the process of Americanization, various systemic factors within companies, between enterprises, and industrial relations also influenced the deployment of American management methods. Special systems such as subcontracting system influenced the deployment of American management methods. Such cases can be observed in the deployment and modifications of IE in subcontracting firms and affiliated companies under the guidance of large enterprises that were at the top of the pyramid of subcontracting system. Other cases can be seen in the role of business associations in promoting deployment of IE and influence of management system such as the general foreman system. 
   In relation to the characteristics of the structure of productive forces prior to WWII, delay in the development of productive forces in the heavy industries and the process and assembly industries in Japan before the war was prominent. These industrial sectors rapidly expanded after the war. Introduction of the flow production system and innovations including automation promoted the deployment of IE methods. In Japan, IE was implemented as various rationalization measures, such as production control and cost control for the modernization of production and to decrease costs via rapid development of productive forces.
Regarding the influence of industrial structure, in Japan, rapid development and expansion of the heavy and chemical industries and the durable consumer goods industries after the war made the deployment of IE important for improvement of efficiency and thorough rationalization. 

Meanwhile, in Germany, considering the amalgamation of American and German elements, IE methods were integrated into REFA system as German own method. Such hybridization can be observed in the development of work studies based on REFA thinking despite the strong influence of IE.
Examining the deployment of IE in relation to important factors that determined the re-framing in the Americanization, in contrast to Japan, the Taylor system created in the US was modified to REFA system in the 1920s (Pechhold 1974, p. 56) and such management tradition and experience enabled German enterprises to fit the elements of the American model into the local environment. Such tradition greatly influenced the deployment of IE.

Next, looking at the institutional factors influencing the German-style of adaptation in the process of Americanization, the issues of various materials and the establishment of ideas related to the definition, classification, and subdivision of standard time by REFA contributed to improvements at the industry level. In contrast, such a technically authoritative national organization did not exist in Japan (Hamabe 1961, p.46), and management centers and IE centers were only established during the research boom (Omura 1959a, p.33). Such differences had a significant effect on the introduction and development of IE in both countries, especially in the embodiment of the IE methods in REFA. In general, small and medium-sized firms in Germany enjoyed predominance over American competitors in the field of IE based on the existence of REFA and its unified theory and education. REFA also greatly improved productivity in the German economy by helping establish and maintain a relatively high level of IE in the country. Meanwhile, an organization with a unified theory and educational program, such as the Federation of Industrial Engineering in Germany, was not created in the United States (Fortschrittliche Betriebsführung und Industrial Engineering 1976, p.342). Thus, in Germany, path dependency appeared stronger than in Japan.
Regarding the influence of industrial structure, in contrast to Japan, in Germany, the metal industry and the process and assembly industries were already developed since the prewar era and further developed and expanded after the war. Such situations promoted deployment of IE and the involvement of elements of such methods into REFA system. 
As made clear in preceding discussions, the deployment of American-style management methods needed innovative learning and attempt to best fit the American model into the local environment. Thus, there are significant issues such as Japanese and German corporate attitudes, responses, and the nature of the actual deployments in response to American management methods and systems; changes in business management itself with the deployment of management education; and the effect of Japanese or German business management characteristics on specialized processes.
2 Deployment of the Ford system in Japan and Germany

2.1 Deployment of the Ford system in Japan 

In the Japanese automobile industry, the Ford system was introduced in response to the domestic markets, which were quantitatively limited and had various needs. An important characteristic of this reform of the production system was the hybridization of the Ford production method and the conventional craft-like production system. According to Fujimoto (1997), at Toyota Motor Co., Ltd., (hereafter referred to as “Toyota”), the Ford production method and other techniques of production control and labor management (which were created in the United States) had been absorbed into the Toyota Production System as an individual element. However, the organizational capability unique to this enterprise in integrating all of these aspects into one system eventually played a significant role (Fujimoto 1997, pp. 68-69, 100-101, 120, 124). Shioji (1994) also pointed out that the Ford system was not completely introduced at Toyota; rather, it was restrictively and selectively integrated into the system. The situations of the deployment of American production and management systems differed among individual elements. More specifically, time and motion studies were introduced in their entirety and for imitation; there were numerous cases of such expansive introduction, such as the introduction of the suggestion system as the system for using workers’ inventiveness and device in their operation. The conveyor system was deployed partially and step by step. Conversely, line and staff organization was introduced restrictively, after which it was incrementally modified. 

Additional changes included a switch from large-lot production to small-lot production, and the employment of flow-line production using the pull method (based on downstream processing) instead of the push method (based on upstream processing). Furthermore, there was a shift from the make-to-stock production strategy to the make-to-order method, which also required the transformation of the company’s principle (Shioji 1994, pp. 52-53).
2.1.1 Japanese Development of a Mass-Production System under Restrictive Market Conditions 
“Automation of production” became a slogan of the age in the postwar boom years, and in the automobile industry, the first transfer machines were introduced at Toyota and Nissan Motor Co., Ltd., (hereafter referred to as “Nissan”) in 1956. However, it was the establishment of flow production, rather than automation of production, that was initially important for automobile enterprises at that time (Yamamoto 1994, p. 281). For example, at Toyota, the synchronized production system was not fully integrated into its shops. In fact, it was only imperfectly introduced in the assembly and machining departments before 1951, when the promotion of the “Five-Year Plan for the Modernization of the Production Facility” was initiated (Toyota jidosha kabushikigaisha 2013, p. 130). However, belt conveyors were fully integrated into the final assembly line and the parts supply line, which included engines, transmissions, and rear axles (Watanabe and Hirao 1972, p. 434). 

After 1956, the speed-up regarding the flow of each process and their integration into the final assembly line were realized because of the modernization of the mass-production system and the dramatic increase in compact car production. At that time, Toyota shifted from the partial flow-production method, which included machining and assembly, to the complete flow-production system. The introduction of the latter was implemented during the installation of new equipment with high-production efficiency (Kohira 1968, pp. 294-295; Nihon choki shinyo ginko chosabu dai ikka 1963, p. 14). Thus, in the automobile industry, the full-scale introduction of the flow-production method, the improvement and reinforcement of the production control system, and the delivery of parts for assembly at a particular time on fixed days was promoted from 1953 to 1960 (Kohara 1968, p. 323). 

From 1956 to 1959, the automation and specialization of general purpose machines had advanced rapidly, corresponding to the rapid expansion of the compact and passenger car sectors. However, during the same period, flow production had not yet been introduced and the automation and specialization of machines were not realized because of the quantitative limitations of the market size (Iwakoshi 1963, pp. 83-84). 

At Toyota, the automation of machines and equipment for flow production did progress over time (Kohira 1968, pp. 309, 314). In the machining process, the company first introduced the high-performance, special-purpose machine unit and cemented-carbide bits and then unitized special machines. Thereafter, it utilized transfer machines in the mid-1960s (Toyota jidosha kogyo kabushikigaisha shashi henshu iinkai 1967, p.404). The most progressive example of such improvements in the machining processes can be seen at the Kamigo Plant, which was established in 1965 (Toyota jidosha kogyo kabushikigaisha 1978, pp. 248-249). 

At this automobile enterprise, the mass introduction of transfer machines in the machining process occurred in 1965 (Toyota jidosha kabushikigaisha 1987a, p. 114). These machines were finally adopted in most of the production processes in Japan, approximately one decade after they were introduced at Toyota and Nissan in 1956 (Nissan jidosha kabushikigaisha shashi hensan iinkai 1975, p.57; Nissan jidosha kabuskigaisha somubu chosaka 1965, p. 329). Moreover, in its attempt to improve its transfer machines, Toyota introduced the principle of the Toyota Production System into the transportation control process. Such improvement is evident in the following two points. The first improvement is the development and application of the full-work control that enabled stopping upstream processes when the number of work objects awaiting processing in the downstream processes reached the predetermined quantity. This prevented excessive wastage. The second improvement is the development of the pull-over control, which stopped the supply of work objects from the upstream processes in the case work objects on the stock conveyor reached a fixed quantity (Toyota jidosha kabushikigaisha 2013, p.136).

Furthermore, the number of processes decreased after the introduction of transfer machines, and the significance of skills related to the machining declined with the transformation of machinery from general purpose machines to special machines. As a result, the number of machines that workers assumed charge of increased. In addition, as the work manual and instruction cards enabled workers to operate machines easily, it became possible to employ temporary workers (Tsuda and Sumiya 1963, p. 52).

In the press and body processes, there were cases in which the number of press machines (which mainly consisted of large, double-action equipment) increased and automation of the insertion and removal of iron plates was promoted. In some cases, the mechanization of press machines, the automation of the movement of work objects between press machines, and flow production in the press process by the conveyor were also implemented. In addition, the introduction of the transfer press was also attempted. Furthermore, in the process involving cutting of materials, not only was the wait for transportation removed by the use of a turn table and roller conveyor but also the automation of the handling of scraps created through stamp blanking and the rationalization of transportation processes were performed (Toyota jidosha kogyo kabushikigaisha shashi henshu iinkai 1958, pp. 484-485;Toyota jidosha kogyo kabushikigaisha shashi henshu iinkai 1967, pp. 410, 414; Toyota jidosha kogyo kabushikigaisha 1978, p. 207; Nihon choki sinyo ginko chosabu 1963, p. 15; Nissan jidosha kabushikigaisha shashi hensan iinkai 1975, p. 54). Similar mechanization and automation also occurred in the casting and forging processes. For example, in the casting process, mold conveyors and molding machines were introduced (Toyota jidosha kabushikigaisha 1987a, pp. 255, 333; Toyota jidosha kogyo kabushikigaisha shashi henshu iinkai 1958, pp. 480-481; Tsuda and Sumiya 1963, pp. 51-51; Isuzu jidosha kabushikigaishashi henshu iinkai 1988, p. 200). In the forging process, flat-die forging using hammers was transformed into stamp forging that mainly used forging presses and upsetters (Toyota jidosha kabushikigaisha 1987a, p. 333; Toyota jidosha kogyo kabushikgaisha shashi henshu iinkai 1958, p. 482; Toyota jidosha kogyo kabushikigaisha 1978, p. 205; Tsuda and Sumiya 1963, p. 52). 

However, in the pursuit of productivity, one characteristic of the deployment of the Ford system can be seen in the attempts to avoid dependence on equipment. Through selective deployment and modifications of structural elements of the Ford system, such as moving assembly lines or transfer machines, corporations could reintegrate these elements to respond to Japan’s domestic market, which was rich in diversity and change (Fujimoto 1997, pp. 116,119,121). Although transfer machines were special-purpose machines, Nissan attempted to increase generalization by enabling the machines to process two types of engines (Nissan jidosha kabushikigaisha somubu chosak 1965, p. 330). In this case, selective introduction of technology was attempted under the circumstance that the demand and production volume, such as those seen in the United States, were not expected. 

In Japan, the growth of companies in the automobile industry—one of the pioneering industries in the introduction of the Ford system—was based on the concept of “growth with the variety of the model.” Although the rapid increase of the production volume was realized in the period of the postwar boom years, the number of fundamental models also increased. Thus, flexibility was necessary for the production system, especially under the circumstance that large-lot production switched to small-lot production. As a result, the introduction of certain machines was restricted to some extent and special-purpose machines and equipment were rebuilt to secure such flexibility. Moreover, multi-skilled workers were pursued instead of single-skilled workers, and a flexible standard work system was adopted. This system was based on the existence of the multi-skilled worker who participated in the revision of the work standard—which was changed frequently, unlike at a workplace run according to the Taylor principle in the United States—and a manager who promoted improvement at the workplace was also assigned (Fujimoto 1997, pp. 57-59; 61-62; Fujimoto and Tidd 1993a, p. 39). 

Finally, at Toyota, the Ford system was introduced by the end of the 1950s, and the personnel who could revise standard work sheets were fully trained and integrated into the workplace. Many talented people who could revise standard work sheets began to be employed at the workplace as the right of renewing them was delegated to the workers (Wada 2009, pp. 543, 546). 

2.1.2 Pursuit of the Synchronization of Production Processes and the Development of Just-In-Time Production 

Next, this subsection considers the development of the just-in-time production for the synchronization of production processes. Although Japanese companies introduced the Ford system after World War II, an important aspect of the development of its original production system was the pursuit of synchronization of production processes, as seen in the just-in-time production process. Japan did not have a huge demand the US had, so a structure was developed wherein necessary parts were delivered in smaller lots as needed to perfectly match production trends. This was done in order to respond to a highly diverse product lineup combined with limited demand, as can be observed in Toyota. That is, the goal was to synchronize parts supply with the workflow of each process using the “just-in-time” method (Shimokawa 2004, pp.174, 183). Upon examining the background in which the withdrawal from the downstream process was an important basis of the just-in-time production process, additional aspects such as the narrowness of the domestic market in Japan, the inability of making demand forecasts, and the lack of funds to hold the finished vehicle stock are equally important (Shioji 1994, pp. 54-55). 

Once the systematic flow production was realized in the machining process, the improvement of the material handling of parts from the machining process to the assembly process became necessary. As a result of this shift, the supermarket method was introduced in response to this need (Toyota jidosha kabusikigaisha 2013, p. 135). This method was adopted at Toyota in 1954, after which the flow production of all processes based on the downstream process was pursued. As a result, intermediate stocks and warehouses were abolished, and it was possible to manage the entire production process as one unit. In this case, harmonization, as seen in the adjustment and synchronization of the entire automobile assembly process had been achieved (Toyota jidosha kogyo kabushikigaisha shashi hensan iinkai 1967, pp.421, 423, 425). 

At Toyota, the machining and assembly lines were synchronized in 1950 and the supermarket method was fully introduced into the machining factory by 1954. In addition, the assembly and body factories were synchronized in 1955. By 1960, the synchronization between all plants was carried out (Toyota jidosha kabushikigaisha 1987a, p. 130; Ono 1978, pp. 51, 53, 62). In 1953, the kanban system, a scheduling system for lean manufacturing and just-in-time manufacturing, was introduced, which played an important role in various aspects of Toyota’s overall production. For example, it was adopted in the machining process, body-welding factory and the parts manufacturing , body-molding, and lot-production processes. Furthermore, the kanban system was also adopted in the assembly process of the new Motomachi Plant in 1954 and was expanded to the processes in which it was most difficult to realize small-lot production, such as the casting, forging, and heat-treating processes in the early 1960s. 

By 1962, the kanban system was implemented in the entire company (Ono 1978, p. 62; Toyota jidosha kabushikigaisha 1987a, p. 130; Fujimoto and tidd 1993b, p. 39; Satake 1998, pp. 6-19). As a result, management was expanded to individual parts processing and preforms processing. Moreover, all processes from the production of formed and fabricated materials, such as casting and forging, to the final assembly were synchronized, which greatly contributed to the leveling of the quantity of work in each particular process and the reduction of stock volume (Toyota jidosha kogyo kabushikigaisha shashi hensan iinkai 1967, pp. 425-426). 

Furthermore, synchronization between the automobile company and the parts manufacturing company was also attempted. For instance, Toyota started managing operation times between the company and its important suppliers on the basis of the delivery times according to the time table as well as by establishing a minute trading relationship (Wada 2009, pp. 443-444). The time table for practice deliveries at specific times of the day was later discontinued and the “just-in-time” method, in which the completion of each parts was right in time for the arrival of the delivery vehicle, was implemented. The “kanban” as a tool for information regarding the withdrawal of parts or the ordering of production played an important role in the synchronization between the various production processes (Wada 2009, pp. 503, 528). 

However, there were some differences, depending on whether such synchronization was performed between the production processes of the automobile company and those of the parts company. For example, while the pull method, which involves the withdrawal of parts by the downstream process, was adopted within Toyota’s factories, the push method, which involves the delivery of parts by parts companies to Toyota, was utilized by both enterprises (Wasda 2009, p. 538). In addition, Toyota began adopting the kanban method for the subcontracted parts in 1965 (Toyota jidosha kabushikigaisha 1987, p.130). 

Finally, the “just-in-time” method required a smooth flow across all production processes, including the production processes of the parts companies (Wada and Shiba 1995, pp. 126-127; Wada 2009, p. 544). The movement to create such a uniform flow of the entire production process was in response to the condition that the highly precise, interchangeable parts and the abundant capital for the installation of many conveyors were unavailable (Wada 2009, p. 544). Moreover, as the amount of one receipt by the downstream process influenced the processing lot in the upstream process (Satake 1998, p.64), and once the kanban method spread throughout all of the factories, production leveling became a necessary condition in each process (Toyota jidosha kabushikigaisha 1987a, p. 374). For example, Toyota introduced such a production process in 1953 (Toyota jidosha kabushikigaisha 1987a, p. 130). Furthermore the realization of production leveling was deeply related to the expansion and promotion of multi-process handling, which enabled workers to cope with the changes in the layout, the amount of production, the type of products that were produced, and the work procedures (Shimokawa 2004, p. 185). Therefore, the formation of work organization became increasingly important. 

2.1.3 Japanese Development of Formation of Work Organization
Although multi-machine handling by workers began at Toyota in 1947, multi-process handling was carried out for the first time only in 1963 (Toyota jidousha kabushikigaisha 1987b, p. 131). This almost coincided with the full-scale adoption of the kanban system at Toyota in 1962. While the automatic feed and shut-off functions became the conditions for multi-machine handling by one worker (Satake 1998, p.53), adjustments in the workload (man-hours) between processes were the conditions for multi-process handling by a single worker. More specifically, methods indispensable for realizing multi-process handling by one worker, such as “the ability list according to products and processes” and “the standard work combination vote” were developed at Toyota after 1951 (Satake 1998, pp. 53, 57). The result of realizing such multi-process handling was significant in the machining process. In addition, the machine shop and machining factory shifted from the conventional lot production to the flow-production system (Toyota jidosha kabushikigaisha 1987a, p. 256). 

At Toyota, the extreme horizontal and vertical division of labor, such as the subdivision of work allotments and the rigid distinction of workers and managers that the Ford system pursued, was not carried out. As a result, Japanese characteristics were also included in the formation of the work organization. The artisan production-type work organization was replaced by work standardization and direct control of the workplace. However, this reshuffling of standardized tasks created a multifunction work organization responsible for a sequence of processes rather than a single process. Moreover, through the transfer of decision-making power and work-related responsibilities to supervisors and workers at the shop floor level, the evasion of the vertical division between managers and single-skilled workers was attempted. While the conventional organization had disappeared, the production method that formerly relied on craftsman was revised to another form by such original formation of work and the delegation of decision-making power. The breakaway from the production method depending on the craftsman by standardization of work and the training of the multi-process worker advanced simultaneously, and both were promoted in close connection. Toyota had already attempted to mix elements of the Ford production system with the conventional production system before the 1960s when it became possible to fully enjoy the economies of scale (Fujimoto 1997, pp. 113, 116, 119,121; Fujimoto and Tidd 1993a, p. 38; Fujimoto and Tidd 1993b, pp. 40-41, 47, 50).

In this way, it became important to create a work organization enabling flexible organizational operations and to support a concise structure mainly based on multi-skilled workers (Shimokawa 2004, p.174). Furthermore, in Japanese formation of the work organization, a multifunction work organization responsible for a sequence of processes rather than a single process also led to the transfer of decision-making power and responsibility for work improvements through employee suggestions and total quality control (TQC) to the shop floor level (Fujimoto 1997, pp.119, 121). This contributed to the systematic improvement of the workplace, which, in turn, enhanced the overall quality of production. 
2.1 4 Significance of the Japanese Development of the Ford System
On the basis of the foregoing examinations, this section explores significance of Japanese deployment and development of the Ford system. The essence of the Toyota Production System, which had been formed after the introduction of the Ford system, lies in “manufacturing technology” that emphasizes three elements: processing objects (work), standard work, and machinery. Manufacturing technology is distinguished from “production technology,” of which the main issues include planning, arranging, and revising mechanical equipment as well as obtaining the workers necessary for each production process (Satake 1998, pp. 73, 147-148). The development of the production system in Japan, as seen in the Toyota Production System, included original contents as well as the systematization of “manufacturing technology.” In its reform of the European and American styles, an important aspect was the mechanization even under the flow production. In contrast, the rationalization of work had been emphasized in the Japanese-style reform. 

In Europe and the United States, as the ability of engineers to analyze work is inadequate compared with that in Japan, in case work improvement is attempted mainly by them, attention is generally focused on the improvement of equipment before analyzing the work itself. Conversely, the existence of the engineers who belong to the original category, such as the manufacturing engineer, and the knowledge of supervisor at the workplace regarding work built a condition for work improvement in Japan (Nohara 2006, pp. 147-148). In 1970, when the Toyota Production System was fully implemented, the production investigation office was established as a staff organ in charge of introducing this production system and directing such activities in each factory and supplier (Toyota jidosha kabushikigaisha 1987a, p. 586). Thus, an effective production system at Toyota had been promoted at a level that exceeded the company’s initial goal. 

Toyota, as a representative case of the Japanese deployment and development of the Ford system, established a system capable of benefitting from the growth of the Japanese market (which exhibited “high growth with the variety of the product model”), even before the rapid growth of the economy in the 1960s. Historically, there were three processes of the production method, listed as follows: (1) the craft production method, which included low productivity along with high diversity and flexibility because of the non-existence of a standard; (2) the Ford system, based on high specialization; and (3) the flexible mass-production method, which included both diversity and flexibility based on the standardization of product and process designs. Among the Japanese automobile companies, Toyota concurrently pursued the second and third processes since flexibility was required. Meanwhile, some Japanese enterprises, including Toyota, shifted to the flexible mass-production system while passing through the second stage, as seen in the shift to the pure Ford system with limited flexibility. This can be understood as “the compressed life cycle” (Fujimoto and Tidd 1993b, pp.50-52; Fujimoto 1997, pp. 60-61, 122-124; Fujimoto 1999, pp. 51-53). 

Finally, the catch-up process in the Japanese automobile industry, which started around 1950, reached a tentative terminus around 1960. An example can be seen in the domestic prices of Japanese cars, which were below the import prices of foreign cars in the same class (Takeda 1995, pp. 235-236). One important factor behind this trend was that it was based on Japanese-style development of the Ford system, as seen in the early shift to the flexible mass-production system. In addition, under the shift of the competition pattern from price competition to model change competition in the automobile industry after 1965 (Watanabe and Hirao 1992, pp. 465-467), the development of a mass-production system in Japan had a huge significance on the ability to cope with such changes in the competition structure. 
2.2 Deployment of the Ford System in Germany

Next, this section looks at the issues of production system innovation via deployment of the Ford system and German-style manufacturing.
2.2.1 General Conditions in the Postwar Deployment of the Ford System

First, the overall circumstances at the time of the Ford system deployment are examined. Deployment occurred in processing and assembly industries such as the automobile and electrical industries (but particularly in final assembly of primary product lines such as radios, televisions, vacuum cleaners, washing machines, dishwashers, and electric ranges) (Wittke 1996, p. 153). In 1953, there were very few production fields that could economically use production lines based on American-style methods because of changes to product and component design and structure as well as fluctuations in production volume (Steeger 1953,   p. 197). A 1956 report mentioned that flow production was still in its initial stages (Mennecke 1956, p. 45), but this situation changed in a major way in the latter half of the 1950s. For example, a 1958 report noted that the principles of flow production had become much more widespread and had completely eliminated the principle of organization by machine type (Lauke 1956, p. 41; Lauke 1958, p. 79). K. Springer also stated in 1963 that the need for rationalization increasingly led to production via work flow in manufacturing industries (Springer 1963, p. 769).

The automobile industry was the most typical sector in which American-style methods were deployed, and the end of the 1950s saw a continuous transition away from smaller cars toward mid-sized vehicles in Germany (Der Volkswirt 1959, p. 2133). The deployment of the Ford system was a response to this trend, and the industry-wide switch to Fordism accelerated during the last third of the 1950s (Wellhoner 1996, p. 16). One focus of the automobile industry effort to rationalize in the 1950s and 1960s was a large-scale production revolution using conveyor belt technology in the body production, unit assembly, and final assembly departments (Vgl. Kern and Schumann 1984, p. 40). For example, according to a 1963 report, in many cases manual work dominated assembly, despite the high standards already being achieved by machines and automation in cutting and machining of processed parts (Goos 1963, p. 152). Thus, the rollout of the flow production system and its synchronization of overall assembly processes were particularly meaningful.
2.2.2 Deployment of the Ford System in the Automobile Industry

Here, case studies of corporations in the automobile industry will be reviewed. These corporations are prime examples in which Ford system deployment was most dominant.
2.2.2.1 Volkswagen Case Study
Volkswagen was the trendsetter in accepting Ford production methods and in the formation of corresponding labor relations (Vgl. Wellhöner 1996; Kapitel 3; Klenke 1996, p. 219; Abelshauser 2005, pp. 98–102). In 1946, immediately after the war ended, a number of assembly and final assembly conveyors were already in operation for transmissions, axles, and engines, producing approximately 1,000–1,200 automobiles per month (Automobiltechnische Zeitschrift 1946, p. 45). Afterward, activities to modernize production through the introduction of the conveyor system were performed in the latter half of the 1940s and the first half of the 1950s [Volkswagen Archiv, Z174, Nr.2037, Jahresbericht der Produktion für das Jahr 1950 (15.1.1951), S.2-3, Volkswagen Archiv, Z174, Nr.2037, Jahresbericht der Produktion für das Jahr 1951 (15.1.1952), S.3, Volkswagen Archiv, Z174, Nr.2037, Jahresbericht der Produktion für das Jahr 1952 (12.1.1953), S.2-3, Volkswagen Archiv, Z174, Nr.2037, Jahresbericht der Produktion für das Jahr 1953 (7.1.1954), S.2]. 

However, after 1954, Volkswagen worked on technical reshuffling, one objective being the creation of an external force for the work rhythm using tact time (effective working time in a period/demand in a period) of machines and conveyors. The time required for each process was calculated and set as a standard time for workers. This technical reshuffling in the Wolfsburg plant forced the labor organization to adapt from the outset and fall in line with the US model (Wellhöner 1996, pp. 116–117). When investigating the representative cases of the introduction of a flow production system, in Hall 3 of the Wolfsburg Plant, the assembly of the body was completely synchronized with the final assembly of the vehicle after the transfer of four assembly conveyors in fiscal year 1955. Furthermore, in Hall 4 of this plant, one conveyor was newly installed for the production of the rear axle [Volkswagen Archiv, Z174, Nr.2037, Jahresbericht der Produktion für das Jahr 1955 (27.1.1956), S.2-3]. In fiscal year 1956, equipment was arranged in the new press plant of Hall 0 and six large components, such as doors and roofs, were produced at the same tact time, from the arrival of the sheet plate to the assembling group in the mechanized production line. As a result, production progressed without interruption [Volkswagen Archiv, Z174, Nr.2037, Jahresbericht der Produktion für das Jahr 1956 (24.1.1957), S.1]. 

Thus, the conveyor assembly line that began operating in 1946 produced only one model, the Beetle, and by the beginning of the 1960s, a perfect flow had been built for coordinated mass production (Tolliday 1995, p. 328). In the summer of 1961, two new assembly conveyors were completed that allowed Volkswagen to produce 250,000 VW1500 vehicles per year [Volkswagen Archiv, Z174, Nr.2037, Jahresbericht 1961. Vorstandsbereicheich: Produktion (18.1.1962), S. 4, D.W.I.-Berichte 1961, p. 19]. In fiscal year 1964, the body assembly conveyor and the final assembly conveyor in this plant were rebuilt so that they could produce Type 1 or Type 3 models while choosing either of them and starting operations. In addition, according to an annual report by the board of directors in 1968, the need for flexibility increased because of various types of products and the differences in their designs. Thus, improvement in flexibility characterized the Braunschweig Plant [Volkswagen Archiv, Z174, Nr.2037, Jahresbericht 1968. Vorstandsbereich: Produktion (17.1.1969), S .9]. In fiscal year 1970, the flexible mixed-model production of each product was created corresponding to the remarkable increase of variations in Type 1 produced at the Wolfsburg Plant. However, such production methods caused considerable losses in time and changes in the transport system [Volkswagen Archiv, Z174, Nr.2037, Jahresbericht 1970. Vorstandsbereich Produktion und Qualititätskontrolle (15.1.1971) S.8] .

In the new delivery van factory operating in Hanover in 1956, final assembly used a conveyor belt as well. Production was organized by deploying many new mechanized or partially automated routings to individual lines that fed the final assembly. Assembly using fully mechanized conveyor belts was typical, and the widespread use of conveyor belts was characteristic of the production technology of this plant. Body production conveyors were synchronized with body panel production, and these production methods reduced work time by 25% compared with stationary assembly (Automobiltechnische Zeitschrift 1957, pp. 116–117).

For the deployment of special-purpose machinery and automation technology, which was important in the expansion of Ford system type mass-production methods, H. Nordhoff sought a “perfect new direction” by the spring of 1954. Automation of body frame production as well as painting and plating areas was already well underway. In contrast, press plants and machining departments were striving to gradually eliminate or drastically reduce manual work (Edelmann 2003, p. 184). Although many new and special-purpose machines were arranged until the mid-1950s [Volkswagen Archiv, Z174, Nr.2037, Jahresbericht der Produktion für das Jahr 1951 (15.1.1952), S.2, Volkswagen Archiv, Z174, Nr.2037, Jahresbericht der Produktion für das Jahr 1952 (12.1.1953), S.3, Volkswagen Archiv, Z174, Nr.2037, Jahresbericht der Produktion für das Jahr 1953 (7.1.1954), S.2, Volkswagen Archiv, Z174, Nr.2037, Jahresbericht der Produktion für das Jahr 1954 (21.1.1955), S.3], automation efforts continued to expand, after which the company made large investments in special-purpose machine tools and general automation as they replaced old multi-purpose tools in 1955. The company’s continuous flow production was developed by connecting the stages of individual routings through the transfer machines of many work spaces. In all cases where planning of the production volume without frequent design and structure coordination was possible, multipurpose machinery was replaced by flexible special-purpose machinery. This type of automation was deployed early on in the production of the Beetle economy car (Abelshauser 1995, p. 284).

Technical aspects of Volkswagen’s automation concentrated on two aspects: combining individual processing stages using production lines and more powerful use of special-purpose machinery (Wellhoner 1996, p. 113). However, by the end of the 1950s, despite Volkswagen possessing the most modern equipment among West German corporations (Vgl. Eberhorst 1959, p. 7), manufacturing processes were automated very cautiously until the company was sure that markets could absorb the production increases that the additional automation enabled. This kind of corporate behavior resulted from operating in product markets and factor supply conditions that were clearly different from those of the US (Zeitlin 2000, p. 37). 
However, the 1960s saw a more intense expansion in the automobile market, and a full-scale deployment of American-style automation technology was attempted. For example, the 1963 annual report of the “Purchasing and Materials Management Department” for the board of directors mentioned the approval of many orders for presses, equipment, and transfer machines in the Kasel and Hanover plants (Volkswagen Archiv, Z174/Nr.2366, Jahresbericht 1963 des Vorstandsbericht “Einkauf und Materialverwaltung”). In the Wolfsburg Plant, transfer machines for the production of white bodies began operating, which replaced 210 workers [Volkswagen Archiv, Z174, Nr.2037, Jahresbericht 1963.Vorstandsbereich: Produktion (20.1.1964), S. 4-5]. In 1964 at the Wolfsburg plant, new transfer machines for automated assembly of the 1200 and 1300 Beetles were in operation (Seherr-Thoss 1979, p. 476). Furthermore, in fiscal year 1969, 56 new machines for the production of tools were introduced to increase the production capacity and exchange old machines. Two of them were the horizontal drill machine and the vertical drill machine, both of which were advanced numerical control type machines [Volkswagen Archiv, Z174,Nr.2037, Jahresbericht 1969.Vorstandsbereich Produktion (14.1.1970), S.12].

In the deployment of these kinds of production technology innovations within Volkswagen, Christian Kleinschmidt maintains that with the exception of companies such as Ford and Opel, Volkswagen is the only German automotive manufacturer capable of putting the American model to use over the course of decades. Volkswagen became strongly aligned with the American model, particularly Ford’s River Rouge plant, and in the 1950s, the US played a decisive role in Volkswagen’s success (Kleinschmidt 2004b, pp. 75–76). 

In reality however, one secret of Volkswagen’s success was their selective approach to the American model. While Volkswagen followed the US expansion, they used specialized know-how such as highly mechanized proprietary transfer machines for body assembly, and could thus relax their very strict alignment with US development (Kleinschmidt 2004b, pp. 82, 88–89). One way that Volkswagen pursued was to replace the US style of automation called “Detroit automation,” which impeded flexible production methods, with one adapted to German circumstances. Such way was a German approach to production technology innovation. As a follower, Volkswagen was able to learn from others’ mistakes and avoid the difficulties first moves had experienced in the automation process. In this manner, a new type of typical German Fordism was born, enabling Volkswagen to survive the decline of the 1970s through this application of American methods to German circumstances. The essence of this method could be seen in the diverse, high quality production that dominated the country in concert with German-style labor relations that were critical to codetermination. This system of harmonious labor relations based on labor resource cooperation in distributing shop floor power between labor and management is said to reflect the essential elements of a classic paradigm of highly skilled labor that values technical precision (Abelshauser 2003, pp. 130–133; Abelshauser 2004, pp. 376–377; Abelshauser 2005, pp. 100–102).

3.2.2.2 Opel Case Study

Looking at cases of Opel, K40, Opel’s new, large scale body and assembly plants were in full operation by August 1956, and the company was working on production system innovations. Two basic chassis types, for 1.5- and 2.5-l engine vehicles, were separately assembled on two conveyors within body assembly, and these merged onto one conveyor to produce white bodies. After undercoating, painting, and interior installation, completed bodies were sent via conveyor to final assembly, where engines and chassis also moved on conveyors. Two-thirds of the main assembly conveyors comprised overhead chain conveyors whose height could be adjusted on the basis of the work being conducted (Automobiltechnische Zeitschrift 1956, p. 351). A 1957 report mentions that only one 6,500m long main conveyor remained in the Rüsselsheim plant for body manufacturing, where all six types of vehicles were produced. Production using large belt conveyors can be performed in two ways: continuous production using larger volumes of the same model or a mixed production environment for all models based on the assembly plan. Opel chose the latter method because of long work times that varied by model, and also because they could effectively use tools set up along the conveyor belt (Faensen 1957, p. 1425). The combined length of the plant’s conveyor belts and assembly conveyors amounted to 28,000m. To manage the assembly of all models other than trucks on the same conveyor, a teletype system was created, making the plant one of the world’s most modern automobile plants (Der Volkswirt 1957, p. 1274; Seherr-Thoss 1979, p. 443). Opel primarily manufactured small cars and economy vehicles, and they put great effort into deploying the Ford system. In 1962, Opel noted that conveyor belts were being used for mass production, with one automobile rolling off the line every 50s (Adam Opel 1962, p. 73).

The Bochum Plant began production in 1962. The Number 2 plant produced engines and chassis parts, with engine assembly being done using conveyors as well. The Number 1 plant produced bodies and performed final assembly using overheard chain conveyors, assembly conveyors, and other transportation equipment that totaled 31km in length over 227 pieces of equipment. The length of conveyor belts and assembly conveyors in the Number 2 plant was 11km. Bodies, pre-assembled chassis units, and engines converged on final assembly conveyors (Automobiltechnische Zeitschrift 1962, pp. 343–345; Stahl und Eisen 1962, p. 805).

In reviewing the deployment of special-purpose machinery and automation technology, transfer machines and other automation equipment were implemented for crankshaft production in machining departments in the mid-1950s [Mercedes-Benz Classic Archiv, Konecke 122, Transferstraβe für 4-Zyl.-Kurbelwelle für die Fa. Opel (5.7.1954)]. According to one source in 1956, a characteristic of this period’s production was the addition to the work flow of numerous pieces of equipment that could also monitor and control the work, rather than simply automating it (Hilf 1956, p. 5). At the end of 1958, a new, large investment project was begun, and the pace of investment accelerated (Der Volkswirt 1960, p. 1852). Around this time, Opel began using cylinder piston lines along with many general transfer machines, a phenomenon unique to this plant (Bundesarchiv Koblenz, B149/5697, Untersuchung sozialer Auswirkungen des technischen Fortschrittes, p. 1). 

The Rüsselsheim Plant began production using new equipment for engines and transmissions in August 1961. At the time, the plant had 55 transfer machines, 70 multi-axis lathes, and 1,175 individual pieces of machine tools (Seherr-Thoss 1979, p. 464). In 1962, the Bochum plant began production of engines, transmissions, axles, cardan shafts, and other components using 1,147 individual machine tools. The standard of technology was high, with much of the equipment being the 47 transfer machines used to process cylinder blocks, crankshafts, connecting rods, gearboxes, and the like (Automobiltechnische Zeitschrift 1962, pp. 343–344; Stahl und Eisen 1962, p. 805). Opel also stated in their 1962 corporate history that they had begun using transfer machines to automatically transport all work-in-process inventories (Adam Opel 1962, pp. 77, 83–84).

When transferring production systems to a subsidiary of an American company, as was the case with Opel and Ford, it was sometimes necessary to know and understand subsidiary production system dynamics not present in the parent company. Even in cases where the subsidiary was most receptive, this transfer required innovation and flexibility (Tolliday 2000, p. 78). This issue also relates to the adaptation of methodologies to the conditions in postwar Germany. There was sometimes a huge gap between the potential power of GM and Ford’s methods and the ability to effectively apply them. In Germany, Volkswagen serves as the best example of the selective and skillful application of the American experience in the European context (Tolliday 2000, p. 117).

3.2.2.3 Daimler-Benz Case Study

Furthermore, the Daimler-Benz cases are considered. In 1950, Daimler-Benz had begun work on production lines for the 220 and 300 model automobiles. The 220 model was produced using conveyor belts beginning in the fall of 1951, and the 300 model moved to mass production, although slowly at first, beginning in November 1951 (Hiller 1952, p. 26). After the war, the Sindelfingen plant began final assembly work in addition to body production (Mercedes-Benz 1990, p. 100; Feldenkirchen 2004, p. 179). In the fiscal year 1957, the company invested in production methods that would lower costs (Daimler-Benz 1957, p. 25) and worked on improving production methods for mass production along with complete process modernization. 

However, even in the first half of the 1960s, there was a serious gap in productivity between Daimler-Benz and US corporations. In the US, Ford produced a maximum of 2,500 cars per day, while Daimler-Benz required 17 manufacturing hours to assemble even the smallest passenger car. The high production capacity of US factories was due to the complete mechanization of transportation using conveyors and conveyor belts. One important way to create economies of scale was the response by standardization based on “unit system” principles that enabled both model variety and economically profitable volumes. Daimler-Benz implemented standardized mass production by using the unit system and cutting back on certain models in both the passenger and commercial vehicle departments (Vgl. Hilger 2004, pp. 175, 177).

The applicability of standardized production factors based on unit system principles and the integration work that increases their applicability were very important. In Daimler’s case, when considering production methods from a work organization perspective, it appeared to be nothing more than an organized flow of work as would be found in the US. However, the skills within the key production elements between design and production were significant. Thus, emphasis was placed on the development of high quality production that encompassed labor process flexibility based on Daimler-Benz’s reliance on skilled labor. Even in the period from 1957 to 1963, high ability of handicraft type was required for the assembly of Benz 300SL model (Feldenkirchen 2003, p.213).

In examining the deployment of special-purpose machinery and automation, an August 1958 survey noted that production volumes were low at the Untertürkheim Plant, and that its equipment were far from meeting the highest standards of modernization (Bundesarchiv Koblenz, B149/5697, Untersuchung sozialer Auswirkungen des technischen Fortschrittes, p. 1). An annual report on that plant in 1959 reported that there were limits to further automation for largerscale production because of the diverse models being produced (Mercedes-Benz Classic Archiv, Daimler-Benz AG, Jahresbericht 1959 des Werkes Stuttgart-Untertürkheim, p. 3). This factor alone demonstrates that standardization was critical in deploying the latest technology, and it became an even more important issue in the 1960s. Deployment of automation technology began in earnest in the 1960s at Daimler-Benz. For example, the increase in transfer machines in the Untertürkheim plant numbered 4 in 1961, 13 in 1962, 1 in 1963, 7 in 1965, 1 in 1966, 10 in 1967, and 5 in 1970. The deployment scope was not limited to engine production, but expanded to axles, transmissions, oil pans, bracing tubes, and other systems (Mercedes-Benz Classic Archiv, Daimler-Benz AG, Jahresbericht 1961 des Werkes Stuttgart-Untertürkheim, pp. 40–41, Mercedes-Benz Classic Archiv, Jahresbericht 1962 des Werkes Stuttgart-Untertürkheim, p. 35, Mercedes-Benz Classic Archiv, Jahresbericht 1963 des Werkes Stuttgart-Untertürkheim, p. 34, Mercedes-Benz Classic Archiv, Jahresbericht 1965 des Werkes Stuttgart-Untertürkheim, p. 35, Jahresbericht 1966 des Werkes Stuttgart-Untertürkheim, p. 33 Mercedes-Benz Classic Archiv,, Jahresbericht 1967 des Werkes Stuttgart-Untertürkheim, p. 34, Mercedes-Benz Classic Archiv,Jahresbericht 1970 des Werkes Stuttgart-Untertürkheim, p. 38). An annual report on the Untertürkheim plant listed machines and their years of use, but reports after 1959 provided a simple average of machines by year of purchase and did not accurately reflect the aging of equipment because of the deployment of special-purpose machinery and the increase of high-performance transfer machines for many machining processes (Mercedes-Benz Classic Archiv, Daimler-Benz AG, Jahresbericht 1959 des Werkes Stuttgart-Untertürkheim, p. 28, Mercedes-Benz Classic Archiv, Jahresbericht 1962 des Werkes Stuttgart-Untertürkheim, p. 36, Mercedes-Benz Classic Archiv, Jahresbericht 1965 des Werkes Stuttgart-Untertürkheim, p. 36). 

Corporations such as Daimler-Benz that were pursuing a product strategy emphasizing upper-class market segments sought a German production model while deploying American-style mass-production technologies and systems. Specifically, to ensure high quality and to differentiate themselves in the marketplace, Daimler-Benz relied on high quality, skilled labor that complemented the standards created by technical equipment, and integration of production factors within the unit system as they rolled out a system for diverse, high-quality production. In this context, it could be said that they chose to Germanize the model in a different way than did Volkswagen.
3.3 Re-framing in the Deployment of the Ford System in Japan and Germany
On the basis of the foregoing examinations, this section next explores the “re-framing” in the deployment of the Ford system in Japan and Germany (See Table 5 and Table 6).    
Considering the hybridization of American and Japanese elements, the amalgamation can be observed in the hybridization of the Ford system and the conventional craft production methods in Japan and mix of introduced technology from foreign countries and management methods based on peculiar logics such as method of withdraw of needed parts by downstream processes, small lot production, and charge of multi-processes by one worker. We can also see the hybridization in mix of introduction of special purpose machines and charge of plural machines and multi-processes by one worker and use of multi-skilled workers instead of single-skilled workers and development of the flexible standard work system.
In examining conditions in Japan with regard to factors determining the re-framing in the Americanization of business management, regarding management values, and cultural factors, influences of management values emphasizing production spots, management values focused on behavioral patterns based on collectivism and mutual trust between company members and between enterprises were strong. Long-term and continuous trade relationships between large enterprises and small and medium enterprises under the subcontracting system also influenced the deployment of the Ford system. 
Next, considering the institutional factors impacting the Japanese-style of adaptation in the process of Americanization, factors such as labor relations, the educational system, and postwar reforms were deeply concerned with re-framing in the process of Americanization. In Japan, regulating powers of trade unions was weak despite of new frameworks of industrial relations for labor democratization after World War II, which influenced the deployment and implementation of American management methods. Labor flexibility was pursued under the lifetime employment system and the weak regulations at workplaces by labor laws. Such cases can be seen in with respect to multi-skilled workers and flexible use of workers in the team working system. Just-in time production was pursued not only between the processes of automobile enterprise but also between car maker and parts producing companies under the multilayer subcontracting system peculiar to Japan.

Concerning the structure of productive forces, productive forces based on craft production and delay in mass production before the war were concerned with production system reform after the war. In prewar Japan, delay in the development of productive forces in the heavy industries and the process and assembly industries was prominent. Although mass production based on the flow production system and automation was strongly pursued after the war, influences of prewar characteristics vis-à-vis productive forces and craft production were substantial. 
Industrial structure also changed greatly with the rapid development and expansion of the heavy and chemical industries and the durable consumer goods industries that were the leading industrial sectors for mass production after the war.  Durable consumer goods industries such as automobile industry and home appliance industry developed and expanded rapidly and their weight in the productive industrial sectors tended to grow. However, similarities of industrial structures between the rapidly expanding industries and sectors with international competitiveness in Japan after the war and the key industrial sectors in the US influenced further reform of mass production system after the 1970s, which resulted in trade friction with the US, the core of Japan’s exports. 
Regarding the context of market structure characteristics, the labor market structure characteristics were influenced by factors such as lifetime employment, the seniority wage system, and the internal promotion of personnel within companies. Labor formation based on the principle of “generalization,” such as the flexible use of multi-skilled workers in team based working systems, was pursued in the deployment of the Ford system under labor markets based on lifetime employment system, which contributed to coping with changes in demand and realizing full use of workers as a fixed cost consideration. 

Small yet highly diverse domestic markets, similarities of market structures in terms of emphasizing product quality between Japan and the US as a core of export market, labor formation based on the principle of “generalization” under labor market established on lifetime employment system strongly influenced the deployment of the Ford system. In Japan, the Ford system was modified for making it compatible with narrow and diverse domestic markets, which determined selective deployment and modification of a part of the Ford system, such as the moving assembly lines, transfer machines, the system of synchronization of production processes, and use of multi-skilled worker and the flexible standard work system. However, the strongest market structure factor determining the development of Japanese-style business management was in the commodities markets. The Ford system was modified to make it compatible with small yet highly diverse domestic markets, as seen in the automobile industry, which determined selective deployment and modification of a part of the Ford system, such as the moving assembly lines, transfer machines, the system of synchronization of production processes, and use of multi-skilled worker and the flexible standard work system. 
Meanwhile, in Germany, concerning the aspect of hybridization of American and German elements, the following mix of American and German factors in production system can be seen. There was a coalition of various American elements in the introduction of the Ford system with those of Germany’s own prewar production system such as the system based on “the flexible production concept with an emphasis on quality” as seen in the automotive industry (Stahlmann 1993). We can also see the modification of the Ford system by hybridization in use of knowledge-intensive skills relying on skilled workers and linking standardization systems through the unit system. Economy of scale was pursued on the basis of using unit systems in Germany as well as mass production.
In looking at the deployment of the Ford system in Germany with regard to various factors determining the re-framing of American management method, regarding management values and cultural factors, influences of technology-, quality-, and functionality-oriented management values, management values and manufacturing views based on understanding customer needs, and the tradition of prioritizing skilled engineers in the production management function were strong.   

Institutional factors that influenced on the deployment of the Ford system can be observed in production systems with the foundation of the vocational education system and professional qualification system such as the Meister system.  

Concerning the structure of productive forces, pursuit of economies of scale based on lower production volumes since the prewar era and the development of production systems that ensured production flexibility and prewar tradition of flexible quality production strongly influenced on the production system reform. 
In the industrial structure, expansion of processing and assembly industries since the prewar period and further development and expansion of such industrial sectors after the war promoted German-style deployment of the Ford system. 

Regarding the market structure factors, market characteristics of the German and European emphasis on quality and functionality and patterns of foreign trade based on complementary relationships among European industrial and product fields were deeply concerned with modifications in American methods.
Germany, in contrast to Japan, did not pursue a system of complete production process synchronization as Japan did. Although Germany did attempt to develop a mass production system that leveraged the workers’ skills and technical abilities, the two countries had different markets, and so the workers’ skills and abilities were dissimilar. Consequently, differences can be seen between the two nations’ hybrid production systems based on Ford production methods and the artisan 
production system.
3.4 The Rollout of Mass-Production Systems and Japanese and German Manufacturing
Based on the preceding discussions, this section examines the characteristics of the rollout of mass-production system and Japanese and German manufacturing. 
3.4.1 The Rollout of Mass-Production Systems and Japanese Manufacturing 
As we explore the Ford system, Japan’s small yet highly diverse domestic markets, such as the automobile industry, necessitated revisions to that system. Postwar production system reforms progressed as a hybrid of the Ford production method and the traditional craft production system (Fujimoto 1997, pp. 100–101, 120). Such a system was formed by absorbing the essence of effective management that held universal validity and modifying it with a goal of adjusting American methods to Japanese-specific conditions in the processes of learning and deployment (Onizuka 1991, p. 261). It can be stated that the success of Japanese enterprises, as seen in their international competitiveness that was becoming prominent after the 1970s, could primarily be attributed to management innovations implemented in the process of the Japanese modification and absorption of American management techniques (Shimokawa 1990, p.114). 

Japanese automobile companies pursued their own unique production system, while depending on the introduction of the Ford system. This was based on the assumption that eliminating waste from overproduction and realizing the production of many models in small quantities (instead of expansion) was highly necessary under the specific conditions of the domestic market in the postwar era that did not enable enterprises to realize scale merit and required many product models. If we regard “the general name of know-how and technique concerning the combination of the element technology” as “the meta-technology,” then the development of the production system in the Japanese automobile industry had been performed on the basis of such meta-technology. This includes certain logic, such as the method of withdrawal of needed parts by the downstream process, the principle of small-lot production, and the multi-process handling by workers, despite the introduction of the elemental technology from foreign countries.
The basic framework of the Japanese production system represented by the Toyota Production System was practically created during the deployment of the Ford system, especially during the postwar period of high economic growth. However, such a production system brought high competitiveness in the international market by accomplishing further evolution under the structural change of capitalism after the 1970s. When the propensity to consume deteriorated with the shift toward low economic growth, the demand was not be able to expand at the same pace as the increase in the number of the product types induced by the strategy of diversification and differentiation of products. As a result, the average production lot per one type of product also deteriorated. 

Therefore, it became difficult to secure an operating rate that could realize the economy of scale based on the American-style mass-production system and the formation of production by the principle of “specialization.” Under such circumstances, the mass production of many types of products while realizing low costs and corresponding to the demand fluctuation between product types became an important managerial problem. As a result, the flexibility that was required in the production system had to become even greater. In the case that multiple products were manufactured in numerous specialized production lines, it was impossible to secure the flexibility required for such production and cope with the fluctuation in demand. In addition, not only had the mass production of the specific products become important but also a stability was present in the market. If such conditions could not be secured, then realizing the economy of scale would be extremely difficult. As a result, identifying how the mass production of many types of products could be realized while satisfying demand of the cost and how flexibility of production to the demand fluctuation between types of products could be secured became much more important issues for management.
Furthermore, under such conditions, improvement of flexibility was realized by the use of micro-electronic technology, which enabled effectiveness, the automation of facilities, and the generality of certain equipment. For instance, Toyota developed its automated processes by integrating new technology, such as industrial robots in the 1980s. Moreover, it introduced numerical control machines for mass production in the machining process in 1978 and 1983. This enterprise also introduced a large number of robots for body assembly. An attempt to adopt assembly robots was also made in 1986 (Toyota jidosha kabushikigaisha 1987b, pp.114, 119, 131). Furthermore, mixed-model production, as seen in the mixed-model assembly line that enabled corresponding to the increase in the number of product types, was further developed. After 1975, the mixed-model production system was considered a system of high flexibility that met the demand fluctuations at Toyota. This production method became part of the total assembly line throughout the 1970s (Satake 1998, pp. 27, 154, 156, 166, 215-216; Nikkei sangyo shinbun 1975a; Nikkei sangyo shinbun 1975b). 

The mixed-model production in the same line was pursued as a method of “the management that could correspond to limit amounts” on the basis of the adoption of a new order entry system in 1974, which included a 10-day correction system (Satake 1998, pp. 154-156, 164-165). At Toyota, although an attempt to integrate mixed-model production into the assembly line facility was made before 1970, only one model was produced in the same line at that time (Satake 1998, pp. 166, 216). In contrast, the necessity and significance of implementing the mixed-model production method at a higher level greatly increased after the 1970s in response to the decrease in the production of one type of product (car model) and the necessity of securing the flexibility that enabled coping with demand fluctuation. The evolution of the Japanese production system after the 1970s had established the basis of international competitiveness by the end of the 1980s. 

When examining the characteristics of Japanese manufacturing in relation to such a development of a mass-production system, an important aspect is that various types of products with many variations can be produced in accordance with the change in demand for such products. The Japanese production system has overcome such difficult problems on the basis of the principle of “universalization (generalization)” instead of “specialization.” Japanese enterprises pursued this principle through the mixed-flow system in the same production line and the use of various technologies (such as ME technology) as well as the universalization of the labor force, as seen in the use of multi-process workers and the synchronization between various production processes. As a result, the international competitiveness of Japanese enterprises became remarkable after the latter half of the 1970s, especially in the capital goods and the durable consumer goods markets. In addition, Japanese companies in these industries established an international competitive reputation in production costs, quality, appointed delivery days, and product variety. 

An important characteristic of Japanese manufacturing can also be seen in the total systematization regarding production, development, purchasing, and sales. Regarding this aspect of Japanese manufacturing, Takahiro Fujimoto pointed out that a common pattern in Japanese companies after the war can be seen in their organizational capabilities, which are specific to the system of integrated-type manufacturing (Fujimoto 2004, p. 72). In addition, their capabilities of such manufacturing were created and developed on the basis of the teamwork of multi-skilled workers (Fujimoto 2012, p. 112). Furthermore, the systems in which a cycle of troubleshooting has been built was based on the abilities of multi-skilled workers who not only perform their jobs at their plural workplaces but also quickly cope with unusual situations that occur in the workplace (Fujimoto 2004, p. 193). Finally, Japanese integrated-type manufacturing is suitable for product types with “integrated-type architecture” that require mutual coordination in the workplace, where development and production processes are undertaken (Fujimoto 2004, p. 25, pp. 297-298; Fujimoto 2003, p. 24).

The foundation of Japanese manufacturing is also supported by a division of labor production structure unique to Japan, such as the subcontracting system. In addition, regarding assembly network within a company, Toyota, for example, does not produce all Toyota automobiles itself. It has, from the beginning, created a network of consignment assemblers and developed a production system based on this comprehensive and consistent approach of final assembly consignment. Toyota was also able to fine-tune a multilateral response to fluctuations in demand by utilizing its assembler network. Furthermore, this assembler network enabled Toyota to respond to and absorb short-term changes in demand, such as those influenced by seasonal variations and the vicissitudes of hit models. 

However, a single, central managerial pivot was required for the dynamic operation of the assembler network. The regulation of production within the assembler network was undertaken centrally and hierarchically by Toyota’s Production Management Department, which was established in 1960. After 1966, when the General Planning Department was created, this department was responsible for the planning of the transfers within the assembler network. Toyota developed the assembly network in order to disseminate the risk involved in capital investments and absorb the fluctuations in demand, taking into account the mass production of different models and the lack of managerial resources (Shiomi 1995, pp. 30, 41-5). 
Concerning the quality of Japanese enterprises, as an important aspect of their international competitiveness, securing quality was achieved by the workers’ abilities to take charge of the multi-level production process through small group activities, such as the QC circle and the suggestion activities, and effective teamwork. Japanese enterprises emphasize product quality, as seen in the low defect rate of parts and the high durability of products, thereby providing high stability with regard to the usage of products. This point greatly differs from the form of product functionality and durability that German companies tend to emphasize. These differences also became an important factor in determining the competitive advantage of Japanese enterprises and the quality of their products in the eyes of the consumers. Finally, Japanese manufacturing had developed a unique production system while focusing on the generalization and total systematization of the important elements of such a system. 
3.4.2 The Rollout of Mass-Production Systems and German Manufacturing
As many examples demonstrate, postwar Germany’s deployment of mass-production systems such as the Ford system centered on typical volume production industries like the automobile and electrical industries. Overall, changes in production during the 1950s were not simply a “rebuilding” of the prewar state, as they also became more flexible and dynamic. R. Radkau pointed out that rationalization along the lines of Taylor Ford using an American-style, mass-production model was integrated with the management climate of the 1950s and modified on the basis of collective experience (Radkau 1993, p. 139). On this point, Ambrosius identifies two important factors in the failure of the Taylor Ford model of rationalization in quickly spreading in 1950s West Germany: consumer goods production at the time was merely of supplementary significance and German managers had a traditionally skeptical attitude toward American-style Fordism. This not only has to do with the issue of the wide-scale management units necessary to roll out this type of rationalization model, but is also related to the “Made in Germany” brand, combined with flexible labor- and knowledge-intensive production methods instead of globally standardized mass production (Ambrosius 1993, pp. 117–118).

Mass production did progress in Germany during the 1950s and 1960s, but even there it was limited to two types of companies. First are companies like Volkswagen with a corporate policy of producing affordable cars for their broad customer base that pursue economies of scale through American-style mass production (Der Volkswirt 1969, p. 55). In contrast, companies that had developed management and product strategies, which prioritized high-end market segments with outstanding quality and technology and considered the relatively low-price elasticity of upper segments in the market, occupied an important position but applied a different strategy (Vgl. Schmidt 1993, p. 94). Companies like Daimler-Benz and BMW in particular implemented strategies to design products targeting market segments with high quality, value-added products based on a relatively long-term model policy. From the manufacturer’s perspective, their product design concepts were based on their users’ functional needs of quality and durability, which were different from the needs of US consumers.
For example, in the 1950s, Daimler-Benz had a corporate philosophy anchored in two production concepts: manufacturing vehicles with a utility value created in response to the demands for uniqueness and luxury, and a broad and comprehensive supply for commercial vehicles. This philosophy proved highly successful (Sörgel 1986, p. 16). In the field of useful vehicles, the expansion of the products from small transport vehicles to large trucks, as well as the internationalization of production, was promoted to realize the synergy of proper, long-term production. In contrast, the conscious evasion of this step by concentrating on the passenger car market, which has high demand and technologically high value, and the maintenance of “the unity” of the Mercedes-Benz brand, as seen in the manufacturing of passenger cars being limited to Germany (excluding some knockdown assemblies), continued to exist. (Feldenkiruchen 2003, p. 202). Such product and production concepts are related to the production model. 
According to W. Streeck, there were two types of auto manufacturers in postwar West Germany: mass-production manufacturers in the north (Volkswagen, Ford, and Opel) and luxury car manufacturers, a remnant of craft production, in the south (BMW, Daimler-Benz, and their competitors). These regional differences developed in response to differences in manufacturing principles and philosophies. Southern manufacturers had technical creativity and were engineering perfectionists (Streeck 1989, p. 119). For these manufacturers, specializing in these particular market segments with a value-add strategy of high quality and high performance meant that there was little necessity for cost superiority through economies of scale (Kazama 1997, p. 69). Strategies for product design concepts and market positioning greatly influenced the important characteristics of quality and flexible production concept, an inherently German characteristic.
This focus on “quality and a flexible production concept” could be seen in prewar Germany as one method of production responding to market limits (Vgl. Stahlmann 1993). The basic principles of this same production concept could also be observed in postwar Germany. We can see another attempt at production reforms before the war, which mainly occurred in the automobile, electrical, and machinery industries. More specifically, these industries attempted to secure a certain level of flexibility for dealing with demand fluctuations between products and obtaining some of the benefits of mass production, even under certain market constraints (Vgl. von Freyberg 1989; Siegel and Freyberg 1991). Regarding the aspect of hybridization, there was a coalition of various American elements in the introduction of the Ford system with those of Germany’s own prewar production system as well as the standardized “unit system.”
After WWII, both the domestic and export market conditions were equipped to introduce American-style mass production. However, Germany sought market positioning by pursuing competitiveness in Europe’s relatively high share of exports that was compatible with the characteristics of high-quality European goods. For instance, in the European automobile market, brand loyalty of consumers tends to be stronger compared with that of the North American market consumers (Jürgens 2005. pp.14-15). Given these circumstances, German companies pursued a suitable production system.

One can identify German characteristics in production methods and systems based on product design concepts, such as avoiding price competition, positioning, and specific niche strategies in postwar international market expansion. Even though work organization itself was a flow production system that may have been founded on a US model and although these corporations pursued economies of scale in mass production, the elements of high quality, knowledge-intensive production relying on skilled labor, and German-specific systems of vocational education and specialist qualifications, such as the Meister system, were quite significant. Germany had a production system based on technical qualifications and vocational education, and production management work in corporations was dominated by skilled engineers. Thus, the skill level of production managers was very high. This was an important factor in the superiority of the design, development, production, and quality of German products (Lawrence 1980, pp. 131, 140–141, 150, 187, 190). German companies pursued a suitable production system. They pursued constructing a quality- and functionality-focused production system with the support of the German-specific method of specialized skill qualification system and vocational education system.

Thus, in Germany’s case, quality in the form of product functionality, durability, dependability, and safety was heavily emphasized (Daimler-Benz AG 1980, p.39, Daimler-Benz AG 1983, p.39, Daimler-Benz AG 1983, p.39, Volkswagen AG 1981, p.21, dam Opel AG 1971, p.15), as was reliance on expert, skilled labor in certain jobs. This model differs from Japan’s, where integration emphasizing operational capability was a major source of competitive advantage (Fujimoto 2004, Chap. 5). Germany did not pursue a system of complete production process synchronization as Japan did. Although Germany did attempt to develop a mass-production system that leveraged the workers’ skills and technical abilities, the two countries had different markets, and so the workers’ skills and abilities were dissimilar. Consequently, differences can be seen between the two nations’ hybrid production systems based on Ford production methods and the artisan production system. The distinct characteristics of German-style manufacturing can be seen in production, which reflected product design concepts emphasizing quality, function, and branding against the background of the European market’s competitiveness and factors of competitive advantage.
In this context, despite the common perception of “Americanization,” important aspects of German characteristics in German production and manufacturing can be observed in the midst of the postwar American influence. However, these characteristics are deeply rooted in market structures and differed with those of the US, which had a highly standardized market. Because this phenomenon was born of the uniquely German and European market emphasis on quality and function, it is important to understand that the German production and manufacturing model was a rational adaptation to the nature of these markets.
Regarding the background in which Japanese companies, such as Toyota, continued to pursue unique production methods, even after being introduced to the American Ford system and the mass-production system after World War II, this chapter can still point out historical circumstances such as the domestic market’s quantitative limitations, the lack of funds for equipment investment, and the insufficient technology (Fujimoto 1997, p. 74). There were also differences in the level of technology between Japan and Germany. For example, in Germany, the introduction of the Ford system advanced (to some extent) before World War II, but the full-scale introduction and the fixation of the Ford system were not realized, even though the technical level in Germany was higher than that in Japan. Therefore, German enterprises did not face such limited conditions as the Japanese companies did in the introduction of special-purpose machines, the use of automated technology, and the development of the flow production system. In comparison with Japan, it can be stated that the situations in Germany were still closer to those in the United States. This was one reason why German enterprises pursued reforms in its mass-production system after the 1970s that emphasized on the use of the ME technology, rather than performing a “general systematization,” as seen in Japan (see Chapter 10; Yamazaki 2013).
