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In recent years, the management of Japanese companies has been responding 

to changes in the surrounding business environment characterized by increas-

ing and inevitable globalization.1 Amongst such changes, attracting particular 

interest are those in human resource management. This is because the human 

resources are the most difficult among various management resources to move 

across borders, and as a result the management of human resources is strongly 

influenced by their respective regional social conventions and culture and thus 

varies substantially across regions. From that standpoint, a country’s readiness 

for globalization may be measured by changes in the management of human 

resources. Can a change be seen in the commitment to long-term employment 

and of the promote-from-within policy that have featured the human resource 

management of Japanese companies for a long time? Of the corporate profes-

sions, scientists and engineers are the occupations in which standardization of 

jobs and a switch to an external labor market are considered to be the easiest. 

This paper explores how such “externalization” progressed in their employ-

ment, how the human resource management of companies has changed in rela-

tion to them, and what kind of changes can be observed regarding these 

groups’ perception of their job and company accordingly. 

 

I. Introduction: The Current State of Japanese Scientists and Engineers  

 

What image do we have of Japanese scientists and engineers? Many are said to have 

the general characteristics of the Japanese people—there is an impression that they have 

positive qualities such as diligence, patience and strong loyalty to their company. Here we 

would like to share with our readers interesting data, not popular images, concerning them. 

It is data relating to the Japanese manufacturing industry’s labor productivity and the share 

of the scientists and engineers among its manufacturing workers. Labor productivity is the 

total economic value created by a company or a country divided by the total number of 

workers involved in its production. Essentially, it is an index representing how much eco-

nomic value is produced by one worker by looking at the average. When this index is ap-

plied to the manufacturing industry, it becomes an indicator for the creation of economic 

value of the country’s manufacturing workers. 

In Figure 1, the vertical axis indicates the manufacturing labor productivity of each  

                                                           
1 Some of the recent works on this topic include 2007 special issue of Asian Business and Man-

agement and Miyoshi and Nakata (2011). 
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    Source: ILO LABORSTA and OECD National Account.  

 

Figure 1. International Comparison of the Ratio of Professional Occupations and 

Labor Productivity in the Manufacturing Industry (2005) 

 

country and the horizontal axis represents the ratio of scientists and engineers that comprise 

the total persons engaged in manufacturing in each country.2 From this, we can see that the 

labor productivity of Japanese manufacturing workers is slightly inferior to that of their U.S. 

counterparts; however it surpasses that of the workers employed in the German, English and 

French manufacturing industries and shows that they are creators of high economic value. 

An important point to note is that the Japanese manufacturing industry achieved this high 

labor productivity with the lowest proportion of scientists and engineers of the five coun-

tries compared (left-most position in the chart). From the chart we can see that the favorably 

compared labor productivity of the Japanese manufacturing industry is achieved with a 

proportion of scientists and engineers about half of that of the U.S., which has the highest 

labor productivity. 

How is it possible for Japan’s manufacturing industry to achieve such labor produc-

tivity with so few engineers? We will find an answer for this question as we proceed with 

our inquiry, but first let’s review the features of both the quality and quantity of Japanese 

scientists and engineers and take a look at the current situation. 

 

                                                           
2 The only internationally comparable data available from the ILO was that of a wide range of 

professional job classifications in which technicians were included. However, because almost all of 

the professional jobs in the manufacturing industry are comprised of scientists and technicians, it was 

used as a substitute index. 
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Table 1. Changes in the Nnumber of Natural Scientists, Engineers and All Other Workers 

 

      Source: Population Census (Statistics Bureau of MIC). 

 

1. Quantitative Features of Japan’s Scientists and Engineers  

(1) Changes in Absolute Numbers: In All Industries and the Manufacturing Industry 

The number of Japanese engineers has decreased since 2000 following the shrinkage 

of the macro labor market. In the manufacturing industry, which is the main receptacle for 

engineers, the labor market for engineers began to shrink earlier in the mid-1990s. We show 

these changes in Table 1.3 From this table, using an index of 100 for 1980, we can see that 

after the number of scientists and engineers in all industries grew rapidly by a factor of 2.8 

in 20 years, this number decreased more than 40 points in the five years since 2000. The 

manufacturing industry experienced a gradual decline—after the number of scientists and 

engineers grew rapidly by a factor of 2.6 in the 15 years from 1980, this number decreased 

30 points in the ten years from 1995 to 2005. 

The decline in the number of scientists and engineers, however, is relatively smaller 

in comparison to the decrease in total workers in all industries and as a result a steady up- 

                                                           
3 Engineer is broadly defined here to include natural scientists engaged in R&D activities for the 

changes shown in Table 1. 
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Source: Population Census (Statistics Bureau of Ministry of Internal Affairs and Commu-

nications: MIC). 
 

Figure 2. Change in the Ratio of Scientists and Engineers in the Manufacturing 

Industry: 1985-2005 

 

wards trend can be seen in the ratio of scientists and engineers comprising all workers. For 

example, the proportion of scientists and engineers comprising the human resources in the 

manufacturing industry has continually increased from 1985 to present (Figure 2). There are 

also differences in this ratio within the manufacturing industry according to the type of 

business. For example, in two of Japan’s large manufacturing sectors—the automotive in-

dustry and electronics manufacturing—the proportion of scientists and engineers engaged is 

two times higher in electronics manufacturing. It is thought that the proportion of scientists 

and engineers will further increase along with an expansion of digitalization in not only the 

automotive industry, but various manufacturing industries. 

 

(2) The Low Proportion of Scientists and Engineers Comprising Workers in the  

 Manufacturing Industry 

Another quantitative feature of Japanese scientists and engineers was stated pre-

viously—the ratio of scientists and engineers comprising workers is low in comparison to 

other countries despite the above mentioned upward trend of recent years. However, as 

shown in Table 2, the industry-wide difference is not so great—5.1% in the U.S. and 4.2% 

in Japan. In particular, the difference is almost eliminated when the ratio is limited to the 

number of engineers—4.1% in the U.S and 4.0% in Japan. However, the results of a de-

tailed comparison reveal the existence of big US-Japan difference. When we focus on the 

manufacturing industry, the ratio in Japan (5.4%) is almost half that of the U.S (10.1%). 
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Table 2. The Proportion of Scientists and Engineers in Japan and the U.S. (2000) 

 

Sources: Japan = Population Census (Statistics Bureau of MIC). U.S. = CENSUS 2000 (U.S. 

Census Bureau). 

�ote: Industry and occupation classifications are based on Japanese criteria. 

 

 

This large disparity in the manufacturing industry can even be confirmed at an industry 

sector level where similar products are produced. Table 2 is also taken up in Figure 2, and 

both indicate the ratio of scientists and engineers comprising workers in the automotive 

industry and electronics manufacturing—typical manufacturing industries. Japan’s ratio is 

less than half that of the U.S. in these industries. The low ratio of scientists and engineers in 

Japanese manufacturing may be related to the breadth and depth of the skills of manual 

workers in manufacturing that complement the skills of engineers. 

 

2. Qualitative Features of Japan’s Scientists and Engineers 

Now, let’s look at the qualitative features of Japanese scientists and engineers. 

 

(1) Education Level and Age Structure 

Table 3 displays the educational training of Japanese engineers. Scientists were ex-

cluded from the table as it is difficult to accurately measure the proportion of scientists with 

a low-level education due to the low absolute number of scientists and the bias towards a 

high level academic background. From this table, we can understand that engineers consist 

of people with a high-level educational background. Even if we divide into information 

system engineers such as SE and other engineers including civil engineers and architects,  
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Table 3. Comparison of the Educational Attainment of Engineers in Japan and the U.S.: 

Employees under 65 Years of Age 

 
 
Sources: Japan = Employment Status Survey 2007 (Statistics Bureau of MIC). U.S. = Current Popula-

tion Survey, 2008 Annual Social and Economic (ASEC) Supplement (U.S. Census Bureau and 

Bureau of Labor Statistics: BLS). 

�ote: Japanese data are excluding executives and workers currently undertaking education. 
 

 

the results are similar. Over 60% of engineers have a university or higher level educational 

background. And there is also a weak presence of graduate school graduates in information 

systems (10%) and a stronger presence in general engineers (20%). However, the high aca-

demic background of Japanese engineers is by no means unique. This point is confirmed in 

a comparison with U.S. engineers who similarly consist of a high proportion of individuals 

with a high-level academic background—2/3 of U.S. engineers have a university or higher 

level educational background. The only discrepancy noticed between Japan and the U.S. 

concerns information system engineers—In Japan, a high proportion of information system 

engineers consist of junior (two year) college equivalent graduates and in the U.S. a high 

proportion consist of high school graduates and graduate school graduates. 

Next, let’s look at the age structure in Figure 3. For similar reasons as in Table 3, 

workers over the age of 65 are excluded. We can see that workers aged 39 and under  
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Sources: Japan = Survey on Employment Structure (2007), employees only (admin. 

excluded)/workers currently undertaking education excluded. U.S.A. = Current 

Population Survey, 2008 Annual Social and Economic (ASEC) Supplement (2007 

data). 

 

Figure 3. The Age Structure of Engineers in Japan and the U.S. (2007): 

   Employees under 65 Years of Age 

 

comprise 60% of Japan’s total engineers—an extremely young age structure. The youth of 

Japan’s engineers is evident from a comparison with the age structure of U.S. engineers 

—Japan has a much greater proportion of engineers aged 25-39 while the proportion of en-

gineers over 45 is much higher in the U.S.  

 

(2) Patent Productivity 

Now let’s look at a quality indicator that is thought to have greater relationship to la-

bor productivity. Previously, the relationship between labor productivity in the manufactur-

ing industry and the ratio of scientists and engineers that comprise the total persons engaged 

in manufacturing was displayed in Figure 1. Unfortunately, as there is no internationally 

comparable labor productivity data that is limited to engineers in a similar way, here we use 

commonly used patent productivity data as a simple measure of engineer quality. There are 

several alternative measures of the patent productivity. Here, displayed in Table 4, we eva-

luate the quality of scientists and engineers with three indexes—the total number of patent 

applications, the total number of patents registered, and the actual number of patent applica-

tions. First, the total number of patent applications; this is the total number of patents filed 

by Japanese companies in various countries around the world. Similarly, the total number of 

patents registered is the total number of patents filed by Japanese companies in various  
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Table 4. Changes in the Patent Productivity of Engineers: A Comparison 

   between Japan and the U.S. (per 1000 engineers) 

 

Sources: Patents = WIPO Statistics Database, September 2010. Japan engineers = Popula-

tion Census (Statistics Bureau). U.S. engineers = Current Population Survey ASEC 

supplement (U.S. Census Bureau and BLS). GDP = World Development Indicators 

(World Bank). 

�ote: In order to maintain data consistency, here architects and information engineers are 

excluded from the definition of “engineers.” “Actual number of patent applications” 

means the patent family excluding duplicates for the purpose of applying in multiple 

countries. 

 

countries around the world where review has been completed and registration of the patent 

has been granted. The final index, the actual number of patent applications, is the total 

number of patents when the same patent filed and registered in a number of countries is 

counted as the one patent as opposed to being counted as separate patents in each country. 

For this reason, the actual number of patents more accurately represents the production of 

patents of Japanese engineers while on the other hand the total number is the result of patent 

protection in multiple countries and can be said to reflect the global market value of patents. 

For these reasons, here we examine the quality of Japan’s scientists and engineers with the 

three different indexes (production per 1,000 engineers). Table 4 displays the patent produc-

tivity of Japanese and U.S. engineers as expressed by those three indexes. Looking at the 

figures, we can see that the patent productivity of Japanese engineers has continued to rise 

steadily since the mid-1990s on all indexes. Furthermore, it can be confirmed on all three 

indexes that the patent productivity of Japanese engineers greatly exceeds that of their U.S. 

counterparts. It can also be confirmed that Japanese engineers retain their superiority even 

when this comparison is extended to other major countries and their patent productivity can 

therefore be said to be extremely high. 

 

(3) Salary Levels of Engineers 

While we have looked at the quality of Japanese engineers, their salary levels also  
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Table 5. A Wage Comparison of Japanese and U.S. Engineers (2007)  

 
Sources: Japan = Basic Survey on Wage Structure (Ministry of Health, Labour and Welfare). 

U.S. = Current Population Survey, ASEC Supplement (U.S. Census Bureau and BLS). 

�ote: The exchange rate is based on the standard foreign exchange rate and a fixed exchange 

rate. The purchasing power rate is based on IMF PPP Comparison. Parenthetical words next 

to job names are used in Japanese data.  

 

 

provide an economic valuation of quality. Here, let’s see if their salary levels are consistent 

with the discussion of quality utilizing the three indexes that we looked at by comparing the 

salaries of Japanese and U.S. engineers. 

A comparison of the salaries of Japanese and U.S. engineers with an adjusted curren-

cy unit is displayed here in Table 5. Calculation based on the USD/yen exchange rate as 

well as a calculation based on a purchasing power parity were both considered as methods 

of creating an adjusted unit of currency and a comparison was undertaken using both me-

thods. With both methods, the results show that the salary level of Japanese scientists and 

engineers is significantly lower than their U.S. counterparts on a yearly and hourly basis. SE 

salary—a typical position for information industry engineers—was particularly low in Japan 

at 60% or less compared to the U.S. average SE salary. The only exception is seen in female 

natural scientists where there is little difference in salary between Japan and the U.S, partic-

ularly at an hourly rate. Despite the relatively low salary of these various Japanese scientists 

and engineers, there is little difference in salary among management positions in the two 

countries. That is to say, the salaries of Japanese scientists and engineers are relatively low 

in comparison to other domestic jobs, and engineers only receive wages on par with their 

U.S. counterparts after they are promoted to a management position in Japan. 
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Table 6. Transfer Ratios by Occupation (2007, male regular employees)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Employment Status Survey (Statistics Bureau of MIC, Recounted). 

�ote: In this paper, hiring rates are the rate of employees with tenure of less than a year. 
 

 

II. Changes in Mobility of Japanese Scientists and Engineers 

 

1. The Transfer Ratio of Japanese Scientists and Engineers and Changes in This 

Ratio  

 

(1) A Comparison of the Transfer Ratios by Occupation 

Now, what kinds of changes are occurring in the workplaces of these Japanese scien-

tists and engineers with the above quantitative and qualitative features and what kinds of 

changes are occurring in the external labor markets surrounding them? First, the number of 

worker turn-over during a fixed period of time is regarded as an indicator of external labor 

market development, so let’s take a look at yearly ratios. Japan is said to be a country where 

the external labor market is undeveloped, but on the other hand, if the mechanisms for in-

tra-company transfers is considered a market mechanism then Japan can be said to have a 

highly developed internal labor market. However, there are also countries such as the U.S. 

where an external labor market has developed for highly skilled professionals such as engi-

neers. Can development in the external labor market for engineers been seen amid the de-

veloping trend towards non-regular employment in the Japanese labor market in recent 

years? The estimated ratio of job changers and new entrants into their current workplace 

within the previous year by occupation is displayed in Table 6 in order to answer this ques-

tion. Looking at the average ratio of all engineers, there are no significant discrepancies in 

comparison to the ratios for other occupations. In fact, engineers are placed in the middle of  
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      Source: Employment Status Survey (Statistics Bureau of MIC, Recounted). 

 

Figure 4. Engineer Hiring Rate by Age Group (Male regular employee): 1997 vs. 2007 

 
 

the distribution. If clerical staffs are excluded, the yearly ratio for male Japanese employees 

(including engineers) is around 7%. However, if we further divide engineers into informa-

tion system engineers and other engineers, the ratio of information system engineers is 

double that of the other engineers and we can see a high level of labor market externaliza-

tion there. Furthermore, the table suggests that the ratio is greatly influenced by age across 

all occupations. A pattern can be seen in that engineers in their 30s are comparatively mo-

bile—this mobility decreases as they reach their 40s and they then become mobile once 

again as they approach retirement age. Are changes occurring to this age transfer pattern? 

 

(2) Has the Mobility of Scientists and Engineers Increased in Recent Years?  

 A Comparison between 1997 and 2007 

In order to identify the externalization of the engineer labor market we compared the 

average ratio of job changers and new entrants among engineers as well as the ratio over all 

occupations classified by age in 1997 and 2007 and displayed them in Figure 4. From this, we 

can see that there is a significant difference between the changes in the engineer ratio and 

changes in the overall ratio. If we look at the overall ratio across all occupations we can see a 

slight increase in the ratio of young persons from 1997 to 2007, however a time oriented 

change cannot be observed in the middle age group. On the other hand, it is clear that the ex-

ternal labor market for engineers has developed—the ratio for engineers has significantly 
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Table 7. Ratio of Employees Transferred within the Previous Five Years 

(Male regular employees aged 64 and under) 

 
Source: Employment Status Survey (Statistics Bureau of MIC, Recounted). 

�ote: “Transferred employees” in this table refers to employees who have been 

transferred within the previous five years at the time of the survey. There is no 

breakdown of engineers for the 1997 data due to limitations. 

 

 

increased across all age groups from 1997 to 2007. In fact, the ratio has doubled in all age 

groups except the 40-44 age group. These statistics, however, reflects the growing share of 

information system engineers where there is a highly developed external labor market. 

 

2. Changes in the Ratio of Job Changers and New Entrants among Japanese 

Scientists and Engineers within the Previous Five Years and Their Length of 

Their Service 

(1) The Ratio of Job Changers and New Entrants within the Previous Five Years by 

Occupation and Changes in This Ratio. 

The ratios discussed in the previous section are an indicator of the movement of 

workers within a given year, this time one year, and are a valuable indicator to provide in-

sight into the circumstances of that particular year. However, labor movement is signifi-

cantly affected by economic cycles and so it is difficult to compare this data to data taken in 

another year with a similar cycle due to the limitations of available data that year. In that 

regard, comparison by compiling multiple sets of stock data obtained at particular times 

dilutes the effect of a particular year and the cumulative trends of a wide observation period 

can be compared. So in Table 7, we display the aggregated ratio4 of workers transferred 

within the previous five years by occupation. The engineer job changers and new entrants 

ratio varies slightly by sex and employment status, however due to the limited space we will  

                                                           
4 An application was made to the Statistics Bureau for use of their questionnaire information under 

the Statistics Act and our result is a recount of that data. 
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Table 8. Engineer Average Years of Tenure by Age Group 

 
Source: Employment Status Survey (Statistics Bureau of MIC, Recounted). 

 

 

focus on full-time male employees, the largest demographic. The first thing that can be con-

firmed is a high growth in the ratio of engineers job changers and new entrants within the 

previous five years, even amidst the overall increase in all occupations. Another interesting 

point is that in comparison to other occupations, the ratio of information engineers such as 

system engineers falls under the “high” category, while the job changers and new entrants 

ratio of engineers in traditional fields other than IT (hereafter referred to as “general engi-

neers”) is extremely low. Essentially, what can be confirmed in the comparison of the job 

changers and new entrants ratios between jobs and their change in the previous section, 

even in the stock data, is the externalization of the engineer labor market and differences in 

the progress of labor market externalization between the two different groups of engineers. 

 

(2) Changes in Length of Service by Occupation (1997 vs. 2007) 

Let’s continue the analysis of stock data and have a look at how long on average 

scientists and engineers work continuously for the same organization (company). The flow 

and stock indexes used so far have focused on worker transfer. The average length of ser-

vice looks at the segment of workers who do not transfer. The reason for looking at this in-

dex is to find if there is a change in the ratio of workers who don’t transfer that couldn’t be 

reflected in the previous two indexes. For example, flow indicators will appear the same 

regardless of whether similar workers change their jobs every year or whether that ratio 

consists of different workers each year. However in stock indexes, the figure will grow 

higher year-by-year in the case of a ratio consisting of different workers. The reason for 

looking at the average length of service of all workers is that it reflects changes in long-term 

flow better than accumulated stock data limited to five years of flow. So, let’s look at the 

data in 1997 and 2007 concerning the length of time engineers have been working at their 

present companies and estimate the average by age group. There are two reasons for esti-
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mating the length of service by age group, firstly because the maximum of length of service 

is restricted by age and secondly, that changes in the age structure of engineers have oc-

curred within these ten years of our observation. When age structure changes, the effect of 

labor market externalization cannot be distinguished by looking at the overall average. The 

estimated results obtained in this manner are displayed in Table 8: average length of service. 

The 55-year-old and over age group was excluded because due to the extension of the re-

tirement age in many Japanese companies recently, their data would boost the average 

length of service and the effects of externalization would not be properly ascertainable. 

Looking at this, the average length of service of engineers has decreased within this 

period in all age groups. From this result, we can confirm that the externalization of the 

engineer labor market is not only progressing in the younger age groups and over-50s age 

group but is a general change encompassing all age segments. 

 

III. Changes in the Workplace Environment Surrounding Scientists and  

 Engineers 

 

1. Changes in the Employment System of Engineers 

So, what factors have caused the externalization of scientists and engineers as shown 

above? Here we examine this with a focus on their workplaces with particular attention 

given to company employment systems, personnel evaluation systems and salary systems 

and the effects that they have. 

First, let’s look at current employment systems and their recent changes. For refer-

ence, the results of a survey carried out in 2008 on companies affiliated under the Japanese 

Electrical Electronic and Information Union are listed below. Within the Japanese manu-

facturing industry, the electronic industry, along with automobile manufacturing, is the most 

important industry in terms of the volume of employment and creation of value added and 

has the highest ratio of engineers in the manufacturing industry. Therefore, the electronic 

industry is thought to be the most appropriate industry to gain insight to the current condi-

tions of engineers and changes in conditions. 

The features of the employment system of Japanese companies are said to be that in-

ternal workers are valued and stable employment is guaranteed to them. Does this kind of 

employment system still exist today in the rapidly evolving electronic industry or are 

changes already beginning? Table 9 is a summary of the answers regarding changes in the 

employment systems of 63 of the major companies in the industry.  

First, 80% of companies responded that there have been increases in the mid-career  

recruitment of engineers as well as all other employees. Similarly, 60% of companies re-

sponded that there has been a strong trend towards the wider use of external talent both for 

engineers as well as all other employees. The externalization of employment systems has 

been steadily progressing as far as we can see from these figures. These results are also  

consistent with the other various statistics we have looked at until now that support the 
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Table 9. Changes in Human Resource Management in the Previous Five Years: 

     For Engineers and All Employees (2008) 

 
Source: Japanese Electrical Electronic and Information Union (2008), Survey Report, no.374. 

 

 

externalization of scientists and engineers. So, is the movement towards externalization 

accompanied by changes in the employment systems for full-time workers, in particular 

engineers, leading to decreased employment stability? As far as we can see from looking at 

Table 9, such changes are still not of significance. The majority of companies still adopt a 

basic policy of stable long-term employment and only a small number of companies (16%) 

have recognized abatement in the stable long-term employment of engineers. However, this 

recognition of the weakening of stable long-term employment in a 16% ratio of companies 

that can’t be overlooked together with the movement towards externalization already identi-

fied is evidence that a major change is taking place discretely. 

 

2. Changes to Scientist and Engineer Personnel Systems  

(1) Changes to the Salary System of Scientists and Engineers in the Past Five Years 

So, have changes to personnel evaluation systems also been occurring to ensure con-

sistency with the externalization of employment systems as seen above? First, let’s look at 

changes in salary systems. To what extent have performance-based salary systems passed 

through to engineers?  

Table 10 displays the various changes to the salary systems of engineers that have 

occurred in the past five years (survey taken in 2008) based on the survey data in the pre-

vious table. 

First, let’s look at the changes in base salary regarding regular (annual) pay raises, 

which have been the major system up until now, and performance-based pay. We can see 
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Table 10. Changes in the Salary System of Engineers in the Past Five Years 

 

Source: Japanese Electrical Electronic and Information Union (2008), Survey Report, no.374. 

 

 

that there is a trend of an expansion or slight expansion in the proportion of salaries “based 

on job capability evaluation” while 36% of companies have reduced regular (annual) pay 

raises. This represents a move in different directions of the two pay elements that have been 

the backbone of the Japanese salary system until now. The regular (annual) pay raise system 

promotes long-term service and is incompatible with externalization. Therefore, the 

large-scale reduction in regular (annual) pay raises we have seen is consistent with the flow 

of labor market externalization. 
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So, can new movements within the salary system to promote further externalization 

be seen? Such movements concern performance-based salaries—45% of companies have 

strengthened their “individual performance/achievement” performance-based salary system, 

which promotes externalization. However, we can also confirm that company salary levels 

are not yet directly linked with market wage levels and the labor market conditions. 

The situation regarding bonuses is similar to the situation regarding base salary. From 

the table we can see a growing linkage with individual achievement—46% of companies 

have strengthened the linkage between their bonuses and individual achievement. Further-

more, 30% of all companies have also strengthened linkages to company achievement and 

11% have strengthened linkages to team/department achievement. So, we can also see a 

steady increase in performance-based bonuses consistent with the externalization of em-

ployment systems from these figures. 

 

(2) Annual Salary of Scientists/Engineers and Determining Factors 

So, can the transition to performance-based salary systems we looked at above also be 

confirmed in the determination of the salary levels of engineers? We combined survey in-

formation obtained from approximately 3,000 non-managerial engineers working in large- 

and medium-size companies in the electrical/electronic industry with the information on the 

employment and personnel system, etc, of the companies that they work for and undertook a 

multiple regression analysis to determine what kind of correlation exists between engineers 

annual salary and not only individual factors, but organizational factors such as each com-

pany’s human resource management system. Let’s look at the effects of changes in the sal-

ary system using these results.  

From Table 11, we can see that that the method of determining the salary of engineers 

working in the electronic industry corresponds extremely well to the recent changes in em-

ployment and personnel systems in the industry discussed in the previous section. The de-

pendent variable in the regression analysis was each engineer’s annual salary. Essentially, 

the monthly salary x 12 + yearly bonus was the target of explanation in this regression 

analysis. The explanatory variables were the factors cited in the left column of the table. We 

tested three combinations of explanatory variables to express each engineer’s willingness to 

work—The feeling of “fulfilling work” in model 1, “company loyalty” in model 2 and a 

combination of both in model 3. We confirmed that regular (annual) pay raises are still im-

plemented in the majority of companies and under the system of an annual increase in sala-

ry with regular pay raises, a strong positive partial correlation between age and annual sala-

ry can be assumed. In fact, the estimated age variable coefficient was positive and con-

firmed to be statistically significant under all models (1-3) in the table. In addition, the en-

gineer’s capability variable is suggested to have a positive effect on yearly salary in job ca-

pability based salary systems in which progressive expansion has been confirmed in recent 

years, and a statistically significant positive coefficient value is estimated in practice. So,  

the spread in recent years of the performance-based salary systems that are the focus of our 
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Table 11. Annual Salary Analysis 

 

�ote: **= 1% significance, * = 5% significance, + = 10% significance.  

 

 

attention means that individual performance indicators have a strong positive effect on sal-

ary and the results from the table confirmed this with the expected significant positive coef-

ficient. Furthermore the spread of job/position based salary could be confirmed with the 

“Importance of work” variable having a strong positive effect on salary. In addition, the fact 
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that the trend of engineers having responsibility of their respective product (project) area 

and corporate performance has a strong positive effect on yearly salary levels also corres 

ponds to the direction of change which we previously looked at in the bonus system. 

From the above results we can see the changes in the personnel and salary systems we 

looked at previously and that the determination of engineer salary levels is regulated 

through the actual operation of these systems at present. 

 

IV. The Relationship between Changes in Employment and Personnel Systems 

and Externalization of the Scientist and Engineer Labor Market 

 

From the analysis so far, various indicators have confirmed a gradual increase in the 

turn-over of scientists and engineers as well as a shift in the direction of labor market ex-

ternalization. We have also confirmed that Japanese companies have experienced parallel 

changes in their employment and personnel systems consistent with this movement towards 

labor market externalization. Now, let’s see if there is a cause and effect relationship be-

tween these two consistent trends. Do system changes create externalization or does exter-

nalization drive changes in the system? We haven’t come across any previous studies to 

give us a clear answer as to the cause and effect relationship between the two. Here, let’s 

say the employment and personnel system changes discussed in this paper encourage exter-

nalization and are necessary for the employment and treatment of more mobile scientists 

and engineers in line with business objectives. While we can’t delve into a further study of 

this cause and effect relationship in this paper, we can however introduce data that could be 

a reference for future discussion and discuss the meaning of this data. This data concerns 

the feelings of scientists and engineers. Essentially, that a change of heart is required in or-

der for employees to take the action of leaving their company—a so-called “willingness to 

change jobs.” This willingness to change jobs is coupled with a change in the worker’s pre-

vious perception towards their company and work. So, let us show what kinds of changes 

have occurred in the hearts of scientists and engineers together with the changes in the sys-

tems and labor market shown above. 

 

1. Changes in Feelings towards Their Jobs and Their Companies 

When scientists and engineers feel disillusioned towards the company that they (until 

then) belonged to for whatever reason, they will follow their inner feelings and move be-

tween organizations, seeking a workplace with a better job. So, how have the feelings of 

Japanese scientists and engineers changed towards their job and company? Here we ex-

amine data on union workers collected by the Japanese Electrical Electronic and Informa-

tion Union regarding job fulfillment and attitudes towards their companies. 

 Something that needs to be recognized is that these feelings tend to vary by age, sex 

and length of service, and recent changes in the composition of age, sex and length of ser-

vice could have a major influence on this data regarding changes in attitudes. So here in  
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Table 12. Changes in Feelings towards Jobs and Companies by Occupation (Adjusted) 

 

Sources: Fujimoto and Nakata (2007), table 6, table A2. Original data: Japanese Electrical Elec-

tronic and Information Union Member Surveys 1994/2005. 

�ote: Manual workers were standardized to 0.  
 

 

Table 12, we look at employee feelings towards their job and company after adjusting for 

the effect that the above composition changes have on data. These numerical values regard-

ing the feelings of workers in each occupation represent the relative difference from the 

feelings of manual workers engaged in manufacturing. 

First, looking at the changes in the relative levels, the levels of work motivation 

among engineers (both general and information system engineers) were extremely high in 

comparison with other occupations in 1994; however the high motivation decreased  

 significantly in the following ten years and as a result their work motivation was about 

level with other occupations in 2005. On the other hand, company loyalty among both kinds 

of engineers has been the lowest amongst all occupations, on par with manual workers since 

the first survey in 1994, and it declined even further over the following years until 2005. 

In other words, we can see the rapid decay of employee attachment to their jobs and 

companies in recent years as a trend amongst all scientists and engineers. The timeframe in 

which these surveys were carried out, around 2000, was a period when large-scale restruc-

turing (cutbacks in personnel) was taking place in many electronic companies and the pre-

vious climate of long-term stable employment changed significantly. Did the retreat from a 

regular (annual) pay raise system which evaluates long-term familiarization and the change 

to a system evaluating shorter-term results along with the kinds of changes to employment 

systems we looked at in the previous section cool the engineer’s feelings towards their 

company and jobs while increasing their desire to change those jobs? Let’s examine these 

changes further. 
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Table 13. The Ratio of Engineers Wishing to Change Jobs 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
  Source: Employment Status Survey (Statistics Bureau of MIC, Recounted). 

 
 

 

2. Growing Desire to Change Job 

Table 13 displays the ratio of engineers wishing to change jobs grouped by age in 

1997 and 2007—around the same timeframe as the above Table 12. 

The right hand column of the table is the change of % share of those wishing to 

change jobs in the corresponding age group over 10 years. The increase in the ratio of engi-

neers wishing to change jobs from 1997 to 2007 is obvious—the ratio increased over all age 

groups with the exception of the 25-29 year-old age group. Interestingly, the highest in-

crease in ratio was seen in the 35-49 year-old middle-aged group where the transfer rate has 

been the lowest. The actual transfer rates looked at earlier indicate low mobility and high 

job stability in this age segment; however, the trend towards higher mobility can be con-

firmed by the feelings of these workers. We can say that as a result of this, greater turn-over 

in this age segment can be predicted in the near future. 

 

V. The Future of Japanese Engineers 

 

In this paper, we examined the present situation of the labor market for Japanese 

scientists and engineers and its recent changes. We learned that they are young, highly edu-

cated and very productive, which explains why the Japanese manufacturing industry has 

achieved high labor productivity with a relatively small share of such workers. Despite their 

high contribution to value-creation, they are treated relatively poorly in comparison to their 

international counterparts. This is made possible by insulating them from the external labor 

market forces. But now new reality of the labor market is emerging. While the Japanese 

labor market for scientists and engineers shrinks, there is a steady increase in  
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      Source: National Institute of Science and Technology Policy (2010). 

 

Figure 5. Changes in the Number of Students Entering University per Year 

 

 

externalization. So, what future lies in the wake of these trends? The future decrease in do-

mestic supply of scientists and engineers is the key to correctly forecasting the future shape 

of the Japanese scientist and engineer market. As made clear in Figure 5, the number of 

science and technology students in Japanese universities has continued to decease steadily 

since 1998. The majority of students studying science and technology at university now will 

bear the responsibility for Japan’s manufacturing as graduate scientists and engineers in a 

few years and a reduction in the supply of new human resources is inevitable in the near 

future. The problem isn’t just limited to numbers; the reduction in the amount of new work-

ers will naturally result in a reduction of highly capable engineers and this will become a 

factor in the further decline in the research and development capabilities of Japanese com-

panies.  

The current trend towards the externalization of the labor market may enhance the 

overall macro efficiency for the utilization of scientists and engineers. But it is doubtful if 

market externalization will solve the problem above. So, are there any measures that can be 

taken in regard to the decline in both the quantity and quality of Japan’s science and tech-

nology personnel? The solution may well be the proactive training of female engineers and 

calling upon more international university students studying to be engineers. International 

science and technology students at Japanese universities now will have a lead role when 
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Japanese companies expand their research and development activities overseas. In addition, 

female engineers with perspectives differing from their male counterparts are a great source 

of new ideas. These people may be able to play the role of the leading the transformation of 

Japanese companies into truly diverse global organizations, as well as engaging in research 

and development as talented scientists and engineers in their own right.  

 

References 

Fujimoto, Tetsushi, and Yoshifumi Nakata. 2007. Has work motivation among Japanese 

workers declined? Special issue, Asian Business and Management 6. Suppl. no. 1: 

S57-S88. 

Miyoshi, Hiroaki, and Yoshifumi Nakata. 2011. Have Japanese firms changed? New York: 

Palgrave Macmillan. 

 

 


