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This paper is an extension of work originally presented in 2017 6th International
Conference on Industrial Technology and Management (ICITM). This research focuses on
the mobilization of human resources in the Asian electrical industry and analyzes the
impact of engineers’ international mobility on the innovation of enterprises in the host
countries. I examine the characteristics of engineers who moved from Japan to China and
South Korea to explore which types of engineers successful firms in China and South Korea
select from rival companies in Japan. In addition, this study focuses on the role of the
inventors' networks to investigate the significance of researcher mobility and knowledge
spillover as mechanisms that facilitate the flow of tacit knowledge. This study reveals that
during the process of innovation, informal networks play an important role in the mobility
of engineers. The findings suggest that successful firms require people with analytical skills
and problem-solving capacity, not “star inventors.”

1. Introduction

employees, scientists and engineers; and reverse engineering. The

To spur innovation and economic growth, the endowments of
knowledge factors, such as research and development and human
capital, are a necessary condition to generate new technologies.
The greatest source for the generation of new economic knowledge
is generally considered to be R&D (Research and Development)
[1], [2]. R&D not only generates innovation but also develops
firms’ ability to identify, cultivate, and exploit knowledge and
ideas developed by other firms. In other words, firms are
exogenous, whereas their performance in generating technology
changes is endogenous [2]. Endogenous growth models suggest
that R&D activities undertaken by profit-maximizing firms
represent an important investment in obtaining new knowledge,
whereas knowledge is an input in the process of generating
endogenous growth [3]-[5].

In this sense, knowledge spillover is an important mechanism
for endogenous growth. Small and young enterprises can
supplement their lack of R&D through knowledge spillover [6].
The mechanisms by which knowledge is transmitted across firms
and individuals include, for example, publications; the mobility of
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mobility of knowledge workers in general and new firm start-ups
in particular has become an important mechanism of knowledge
spillover [7]. Michelacci (2003) implies that a low rate of return on
R&D may be attributable to an inability to transform new
knowledge into economic opportunities through skills, aptitudes,
and insights [8].

Knowledge that can be easily codified can be transmitted and
understood over long distances at very low cost [9]. However, tacit
knowledge is difficult to communicate, and it therefore relies on
face-to-face interaction to be transmitted effectively [10]. Thus, the
knowledge spillover resulting from the mobility of knowledge
workers is especially important because it facilitates the transfer of
tacit knowledge, which is not readily transferable via codified
sources. The mobility of knowledge workers, such as scientists,
inventors, and engineers, has a significant and positive impact on
new firms’ output and productivity growth [11], [12]. Knowledge
workers from large, established firms may have knowledge and
ideas about inventions and ultimately about innovations. The
mobility of knowledge workers therefore plays a central role in the
spillover of knowledge and ultimately in economic growth.
Additionally, informal networks and labor mobility are closely
linked with respect to their emergence and re-configuration [13].
Cross et al. (2001) investigate methods of improving employees’
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ability to create and share knowledge in social networks [14].
However, the literature identifying the mechanisms underlying the
transmission of knowledge spillover by social networks remains
underdeveloped.

Engineers’ mobility plays an important role in the transfer of
knowledge from stable and mature enterprises to high growth and
young enterprises, especially in high-technology sectors. Many
studies have examined the relationship between the mobility of
knowledge workers and innovation; however, the relationship
between the characteristics of engineers who move abroad and
innovation is a less-researched field. Only a few studies have
analyzed the impact of R&D investment and human capital on
innovation. Therefore, this study empirically analyzes the impact
on innovation of the quality of the talent that migrated from
developed countries.

This paper focuses on the link between the mobility of
individual engineers and knowledge spillover. The purpose of this
study is to identify the influence of engineers’ mobility on firm
development and innovation. I investigate the role of engineers
who migrated from large, established companies to young
companies in transmitting knowledge. Engineers from large,
established corporations often have new knowledge that they
acquired through research and development work in their firms’
labs.

I propose a hypothesis to investigate the link between
researchers’ mobility and R&D performance. The hypothesis is
that young, successful firms in China and South Korea are
selective in their hiring, overwhelmingly recruiting talent from
large, established firms in countries such as Japan with the
expectation that the knowledge spillover embedded in their new
hires will allow the young firms to catch up technologically. I
explore this hypothesis by investigating patent data to estimate the
effect of knowledge transfers from Japanese firms to Chinese and
South Korean firms. I analyze the mobility of engineers from
Japanese firms to Chinese and South Korean firms by drawing on
patent data from 1976 to 2013. Young, successful firms in China
and South Korea employ many engineers who were formerly
employed by Japanese firms. I therefore examine the
characteristics of engineers who moved from Japan to China and
South Korea to explore what types of engineers Chinese and South
Korean firms select from rival companies in Japan. In addition, this
study focuses on the role of engineers' networks to investigate the
significance of engineer mobility and knowledge spillovers as
mechanisms facilitating the flow of tacit knowledge. Thus, I use
social network indices to analyze co-invention networks.
Additionally, I examine whether these engineers play an essential
role in innovation within their new companies.

Next, [ examine what types of researchers absorbed technology
and knowledge from developed companies and contributed to
innovation in young companies such as Chinese and South Korean
firms. To this end, I use a knowledge production function model
to obtain insights into the process of innovation using the
knowledge embedded in new hires. For the specific methods of
analysis, the knowledge production function developed by Pakes
and Griliches (1984) is used; for the explained variables, patent
citation counts are used as a representative index to measure
innovation through the number and quality of patents [15]. I use
panel data from 5 young, successful firms in China and South
Korea over the past two decades.
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A few studies have focused on the effect of talent migration on
knowledge spillover via informal networks. One of these papers
focuses on scientific labor as a measure of spillover [16] and
studies the personal characteristics of scientists employed at a
biotech company. Here, I extend this framework by examining
engineers who moved from developed firms in Japan as the source
of knowledge transmission. This study examines the relationship
between the characteristics of individual knowledge workers and
knowledge spillovers. It also investigates the relations between the
mobility of knowledge workers and their informal networks during
the process of innovation.

2. Theory and Hypotheses
2.1. Mobility of knowledge workers and innovation

This study conducted an empirical analysis of the effect of
knowledge workers’ mobility on innovation. In the previous
literature, the influence of investment in R&D and human capital
has been analyzed [15], [17]-[22]. These studies examine the
influence of R&D input on R&D output by using the knowledge
production function and considering the patent productivity of
R&D using company-level data from North America and Europe.
In addition, several models related to innovation have been
presented, including some that use a knowledge-production
function to analyze the effect on innovation activities produced by
human capital and investment in R&D. Those studies focus on the
role of human capital and R&D expenditures in obtaining
knowledge capital in return.

Unlike those previous analyses of innovation and technological
change that focus on the firm, in this paper, I focus on the
individual. Some researchers have examined scientist mobility in
the context of individual careers. Many of these studies focus on
Ph.D. graduates [23], [24]. Zucker et al. (1997) examine the
mobility of “star scientists” as a knowledge transfer mechanism
[25].

The most prevalent model in the literature on innovation is that
of the knowledge production function, which was formalized by
Zvi Qriliches (1979) [19]. The inputs in the model of the
knowledge production function are R&D cost, human capital,
skilled labor, and educational levels [19], [26]. The model of the
knowledge production function from the literature on innovation
and technological change can be represented as

IA,=aRDPX7 ¢,

In the equation, A represents the degree of innovative activity,
RD represents R&D input, and X represents human capital inputs.

Conventionally, R&D investment costs have been widely used
as surrogate variables for innovation. However, the size of R&D
costs is an input index, which cannot be used to measure the output
of innovation. In this study, I use the number of patents as an output
index of innovation. However, both the quality of patents and the
number of patents are important issues. In this regard, patent
quality has been studied, and the number of times a patent has been
cited has been proposed as a proxy for patent quality. Trajtenberg
(1990), Jaffe et al. (2000), Reitzig (2003), Hall et al. (2005) and
Carpenter et al. (1981) have found a strong correlation between the
number of citations and the quality of patents [27]-[30]. For
example, Harhoff et al. analyze American and German patents and
find that the number of citations in the patents that were updated
before expiration was greater than that for the patents that expired
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earlier [31]. For these reasons, I use the number of citations as an
index to measure innovation in this study.

2.2. The characteristics of engineers hired by successful firms
in China and South Korea

A combination of various types of technologies can be
interpreted as an indicator of the increasingly complex nature of
innovation [32]. Small enterprises can make up for a lack of
innovation through knowledge spillovers from engineers who have
experience with the complex nature of an innovation. This study
analyzes the impact of the transfer of technology and knowledge
on innovation in a corporation caused by the mobility of engineers
who previously held positions with mature enterprises and then
moved to young, successful firms. For this analysis, the
characteristics of the knowledge workers hired by young,
successful firms in emerging nations must first be analyzed. In
particular, I shed light on the link between engineers’ personal
characteristics and inventors’ attraction to a rapidly growing
company. To measure the characteristics of talent, various indices
have been considered. From the recruitment perspective,
superiority as a researcher and whether the person held a position
where in-house technology and knowledge could be accumulated
are important factors.

Young, successful firms in China and South Korea must be
selective in their hiring when recruiting engineers from Japanese
firms. Warren (1997) emphasizes that a person who has produced
results in his or her former work will have a positive influence on
the new firm’s productivity after migration [33]. Thus, successful
firms will select engineers who have had excellent results in their
former job. A high value for the number of citations received
(forward citation) implies that a technology is used in diverse fields
of future invention. I hypothesize that successful firms will hire
inventors whose patents have been extensively cited. A high score
on the number of patents cited (backward citation) means that the
patents are based on past inventions drawn from diverse
categories. This leads to my first hypothesis:

Hypothesis 1-1. Successful firms employ new hires who have
had excellent results in their former jobs and have experience with
the complex nature of innovation.

Because recruited talent is expected to lead local inventors in
developing technology and knowledge in emerging nations’
corporations, their rich experience and knowledge should have a
strong impact. Therefore, successful firms will hire engineers who
have long-term experience in stable and mature enterprises.
Additionally, successful firms will hire engineers who have rich
experience in a variety of technical domains. Thus, I propose as
follows:

Hypothesis 1-2. Young, successful firms select engineers as
new hires who have long-term experience.

Hypothesis 1-3. Young, successful firms select engineers as
new hires who have rich experience in a variety of technical
domains.

Similar statements can be made about informal networks.
Successful firms employ people who occupy central positions in
inventor networks. In other words, “star engineers” are selected by
Chinese and South Korean companies. Zucker et al. (1996) study
the mobility of “star scientists”. They emphasize that the very best
“star scientists” play central roles in both the development of the
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science and its successful commercialization [34]. Hence, I
propose as follows:

Hypothesis 1-4. Successful firms select “star inventors” as new
hires.

Zellner (2003) studies the various elements of knowledge
transfer via scientists’ migration [35]. He investigates the
migration of scientists formerly employed at the Max Planck
Society in Germany by using survey data obtained from a sample
of scientists who moved from the Max Planck Society into the
commercial sector. The main result of this analysis is that
knowledge that is specifically related to a certain research question
is not the most important issue for the scientists employed by the
Max Planck Society who transferred into the private sector. The
results suggest that non-specific knowledge was valued more
highly than specific knowledge. In other words, broad knowledge
and analytical skills are more important than propositional
knowledge. It is said that those who are strongly tied to the star
people in the network can acquire a wide range of knowledge [36].
Hence, I propose as follows:

Hypothesis 1-5. Successful firms select engineers as new hires
who are strongly connected to “star engineers.”

2.3. The type of talent contributes to innovation in emerging
nations’ enterprises

Knowledge workers who have rich experience with inventions
will contribute to innovation. Amalya (2004) indicates that
scientists who have rich experience with inventions increase the
number and citation rate for firm patents and contribute to firms’
success [37]. Another study [25] finds that “star” bio-scientists
play a central role in their firms’ success. Thus, knowledge
workers from developed countries are expected to have vast
scientific knowledge and communicative competence. This
discussion leads to the following hypothesis:

Hypothesis 2-1. “Star engineers” who were formerly employed
in a developed country’s enterprises contribute to innovations by
emerging nations’ enterprises.

The ability to exploit external knowledge is a critical
component of innovative capabilities, and the ability to evaluate
and utilize outside knowledge is related to the level of prior
knowledge. The ability to recognize the value of new information,
assimilate it, and apply it to innovation is defined as “absorptive
capacity” [1]. An inventor must have a strong absorptive capacity
or the ability to successfully replicate new knowledge to access the
new knowledge developed by other units [38]. A similar statement
can be made about firms’ absorptive capacity. While
encompassing a firm’s ability to imitate new process or product
innovations, absorptive capacity can also include a firm’s ability
to exploit outside knowledge. Cohen (1990) suggests that the
development of a firm’s absorptive capacity will build on its prior
investment in R&D [1]. Thus, I hypothesize that engineers who
moved from Japanese firms will contribute more to Chinese and
South Korean firms’ innovation in the growth stage. Hence, I
propose as follows:

Hypothesis 2-2. To promote innovation through knowledge
spillover, enterprises in emerging nations need an adequate
“absorptive capacity.”

1344


http://www.astesj.com/

A Fujiwara / Advances in Science, Technology and Engineering Systems Journal Vol. 2, No. 3, 1342-1349 (2017)

3. Data and Methodology
3.1. Data

In this study, I examine the characteristics of engineers who
moved from Japan to China and South Korea and the
characteristics of engineers who contribute to Chinese and South
Korean firms’ innovation. I used US patent data for filings by
Japanese, Chinese and South Korean companies between 1976 and
2013.1 calculated the number of years of experience from the year
that the inventor first filed for a patent, so it was necessary to use
data from as far back as 1976. It is said that a particularly high
number of engineers who moved from Japanese companies to
Chinese and South Korean companies are in the electrical
equipment industries. Therefore, I used patents from the H section
of the IPC classes. IPC stands for International Patent
Classification and is a universal patent classification that was
created based on the "Strasbourg Agreement on International
Patent Classification" (effective in 1975). The H section indicates
a patent in the electric field. I targeted approximately 270,000
patents from Japanese electrical manufacturers, approximately
50,000 Chinese patents, approximately 70,000 South Korean
patents, and approximately 50,000 Taiwanese patents. I extracted
all of the inventor names from those patents and confirmed people
with the same name as Japanese inventors among the Chinese and
South Korean inventors. Because inventors with identical names
as inventors in Section H are highly likely to be the same people,
the fact that their names appear on patents filed by both Japanese
companies and Chinese and South Korean companies means that
these people have moved between these companies. However, it
cannot be denied that it is possible that the same name might refer
to different people. Therefore, I decided to establish a criterion for
the degree of similarity between IPC numbers at the IPC main
group level, and only in cases in which that criterion was met did
I judge the people to be equivalent. In this way, I judged the names
of inventors who appeared in both Japanese and Chinese or South
Korean patents to be equivalent when they met the requirements
for a connection between IPC numbers, and I judged them to have
moved between Japanese companies and foreign companies, thus
raising the probability that these were actual movements. After
identifying the movements of all of the inventors, I judged whether
they moved from or to a Japanese company. Moreover, using the
last patent application by their former company and the first patent
application by their destination company, I calculated the
probability of the timing of the movement for all transferees. I
checked the patent data for the names of the companies where the
inventors previously worked in Japan and the names of the
companies to which they moved in China and Korea. I deleted data
that conflicted with the period in which they were assigned to one
of the countries.

Then, I calculated a network index for all of the inventors that
were employed by Japanese companies to check the characteristics
of the inventors who were also employed by Chinese or South
Korean companies.

I focused on 5 successful companies in China and South Korea:
Samsung, LG, Hyundai, Huawei and Hon Hai Precision. Samsung,
LG, and Hyundai are South Korean companies. Huawei is a
Chinese company. Hon Hai Precision is Taiwanese company.

For Hypothesis 1, the analysis is based on the notion that
rapidly growing companies are selectively recruiting engineers
from developed countries. The engineers who migrated from

WWwWw.astesj.com

corporations in Japan to the 5 successful companies and to other
companies in China and South Korea were identified from the
patent data filed by the Japanese companies. All of the engineers’
names listed as inventors on the patents mentioned above are
extracted. Excluding those with identical names, there are
approximately 170,000 inventors from Japanese companies and
approximately 50,000 inventors from Chinese and South Korean
companies. Then, all of the names of the inventors mentioned
above who appear in both patents filed by Japanese companies and
those filed by non-Japanese companies are extracted. Because
engineers with identical names who are mentioned as inventors in
Section H are highly likely to be the same people, the fact that their
names appear on patents filed by both Japanese companies and
Chinese and South Korean companies means that these people
have worked in both countries. However, even given identical
names, some of the data may refer to different engineers.
Therefore, certain conditions were set to eliminate these cases by
checking the International Patent Classifications. Next, with regard
to patents with inventor names that match those extracted as above,
the company that employed them was identified by examining the
applications. Then, by considering the order of the years in which
the applications were filed, the researchers' career changes could
be identified regarding the company they left and the company
they then joined.

In Hypothesis 2, to analyze how talent from developed
countries contributes to innovation by emerging nations’
enterprises, patent data and financial data from a 22-year period
(1990-2011) are used to perform an analysis using panel data for
a Chinese corporation (Huawei), a Taiwanese corporation (Hon
Hai), and three South Korean companies (Samsung, LG, and
Hyundai).

3.2. Explained variable

Regarding Hypothesis 1, to indicate which type of knowledge
workers migrate to emerging nations’ enterprises, the explained
variable can have two values: 1 for migrating to emerging nations’
enterprises and 0 for not migrating.

For Hypothesis 2, the number of patents is used in this study to
determine innovations by emerging nations’ enterprises when
measuring the results for knowledge workers from developed
countries’ corporations. Other well-known studies have used the
knowledge-production function approach [15], [17]-[22]. Thus,
the knowledge production function employing the number of
patents is used in this study.

Furthermore, from the perspective of measuring the quality of
patents, the citation count is also used as an explained variable
because the analysis shows that in many cases, the citation count
of American patents (forward citation) is strongly correlated with
the value of the patent [27]-[30]. For example, Hall et al. (2005)
demonstrate that the aggregation of the citation count of a patent
owned by a corporation is correlated with the company’s share
price [30]. In this way, the citation count is an excellent index to
verify the impact of the quality of patents.

3.3. Explanatory variable

In this study, to analyze the impact caused by the mobility of
human resources and inventor networks on innovation by Chinese
and South Korean firms, numerous indices representing the quality
of talent are established. To analyze the role played by the mobility
of knowledge workers and their influences on innovation and
growth in Chinese and South Korean companies, I examine the
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characteristics of knowledge workers based on the aspects of skills
and inventor networks. Specifically, a social network index and
some indices to measure the features of the talent are used as
explanatory variables based on patent data.

I use social network indices of co-invention by inventor
networks using patent data. I calculate the social network indices
for each inventor in the company that employs him or her, and I
examine the structural positions in the network. Social networks
are composed of different nodes of individuals and the social
relationships that individually connect them. By observing the
centrality index of each node, it is possible to analyze the
characteristics and roles of each node in the overall network. I
investigate co-inventor networks by using patent data and develop
social network indices based on degree centrality, closeness
centrality, betweenness centrality (Freeman, 1979), eigenvector
centrality (Bonacich, 1972), clustering coefficients, and page
ranks. Degree, betweenness, closeness, and eigenvectors are the
four main measures of centrality. These centrality measures
capture the relative position of an individual within the network.
Degree centrality is defined as the number of links incident upon a
node—in other words, the number of ties that a node has [40].
Degree centrality is based on a measured focus on the level of
communication activity. In contrast, betweenness centrality
reflects the intermediary location of a node along the indirect
relationships linking other nodes [40]. Betweenness centrality
captures stress control and the capacity to interrupt
communication. The maximum theoretical value of betweenness
centrality is given by (n-1)(n-2)/2 [41]. Closeness centrality
measures depend on the geodesic distance, which is the minimal
length of an indirect path. Freeman (1979) suggests that measures
of centrality based on closeness reflect a node’s freedom from the
controlling actions of others and their capacity for independent
action within the network [40], [42]. Eigenvector centrality reflects
the fact that individuals might profit from well-connected friends
[43]. I focus on degree centrality and eigenvector centrality.

A node with high degree centrality has many direct connections
with other nodes, and people with high degree centricity are central
people in communication within the network. [44]. High degree
centrality means that the inventor has experience cooperating with
many other inventors from his company. As an individual becomes
exposed to increased degree centrality, his or her position in the
network will attain a higher status [45], providing more
opportunity to learn, acquire and utilize knowledge. Thus, an
inventor who has high degree centrality is considered a “star
inventor.”

Eigenvector centrality is a centrality index proposed by Phillip
Bonacich; it evaluates not only high-scoring nodes but also all
nodes that are connected to high-scoring nodes. In other words, a
high score for eigenvector centrality means that the node has
connections with high-scoring nodes. This means that eigenvector
centrality is a measure of the influence of a node in a network.
Being related to a node that has many relationships with other
nodes implies an important position within the network. In other
words, an inventor who has a high score on eigenvector centrality
is a person with whom “star inventors” always want to work. This
is because individuals in such positions can obtain a great deal of
important information and have both analytical skills and problem-
solving capacity. Recently, the strategic importance of patent
analysis has been highlighted by high-technology management as
the process of innovation has become more complex [46].
Furthermore, patents facilitate analytical work through their
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relative advantages [48]. In addition, to measure the features of
migrating talent, variables such as the number of migrated
inventors, the size of the company of origin, the number of years
in the inventor’s career, the citation count, the forward citation
count, the Herfindahl-Hirschman Index of the IPC number, and
eigenvector centrality are used.

The patent citation count is used as a representative index to
indicate patent quality. This approach has been validated by
various studies [49], [31], indicating that the forward citation count
is effective for measuring the quality of a patent. In addition, an
inventor who has been involved with many high-quality patents
can be regarded as excellent. The total citation count of a patent in
which the inventor in question has been involved is used as a
surrogate index for his/her excellence. Thus, the forward citation
number is an important performance indicator to measure the
performance of individual inventors. I therefore count all forward
citations received by each patent for each inventor.

Furthermore, as an index to measure patent quality, in addition
to the citation count, it has been noted that the number of a patent’s
backward citations correlates with the quality of the patent [31].
The number of backward citations is effective for measuring a
patient’s originality [50]. A high score on the number of backward
citations means that the patent is complex, and a low score means
that the patent is highly original. Therefore, the number of times a
patent has been cited has been added as a variable to measure the
quality of talent. I use the total number of patent citations
(backward citations) as a representative index of originality and
complexity.

The number of years in the inventor’s career is calculated as
the number of years elapsed since the year in which the inventor in
question filed his/her first patent application.

In addition, the Herfindahl-Hirschman Index of the IPC
number can measure whether an inventor has been involved with
patents in a specific technical domain or in a variety of technical
domains. In other words, a high HHI value indicates that the
inventor specializes in a specific technical field, whereas a low
HHI value indicates that the inventor has wide knowledge covering
a variety of technical fields.

Another factor affecting the quality and quantity of patents is
an increase in R&D costs. There have been numerous analyses
[15], [17], [18], [21] of the cost of R&D and patent applications.
In general, the number of patents increases and their quality
improves as R&D cost increases, regardless of inventor quality.
Therefore, in this study, R&D cost in the current period is also used
as a variable.

3.4. Control Variables

Most empirical studies of firm performance include firm size
as either a control variable or an independent variable. Following
this tradition, I use firm size as a control variable. In terms of the
scale of the company of origin, corporations with $100 trillion or
greater in sales are classified as large, whereas corporations with
less than $100 trillion in sales are classified as small.

3.5. Estimation technique

To test the first hypothesis and determine the characteristics of
knowledge workers migrating to Chinese and South Korean
enterprises from Japanese corporations, a logistic model is built for

1346


http://www.astesj.com/

A Fujiwara / Advances in Science, Technology and Engineering Systems Journal Vol. 2, No. 3, 1342-1349 (2017)

the analysis using two-value objective variables. The model
formula is as follows:

Pi(i=1)=F(C+X. « ixi)
Pi=exp(C+ X ixi)/(1+exp(C+X a ixi))

Pi represents the probability of mobility of engineer i, taking
the value of 1 if the inventor migrated to an emerging nation and
the value of 0 if he/she did not. F is the cumulative distribution
function, ai is a coefficient, Xi is an explanatory variable, and C is
a constant.

To test the second hypothesis and determine the influence of
engineer mobility on innovation by Chinese and South Korean
firms, the knowledge production function developed by Griliches
and Regev (1995) is applied [26]. The knowledge production
function measures the effectiveness of R&D investment for
increasing knowledge. Griliches and Regev (1995) establish the
following formula to compare labor productivity between
companies [26].

Y =Xb+Zc+Im+p

Here, Y represents the logarithm of productivity, X is the
logarithm of the input variable (intermediate inputs and capital
services per person), and Z represents the control variables (e.g.,
dummy variables for size, age, and location). The authors establish
eight variables: 1) intermediate inputs and fixed capital services,
2) R&D capital and labor quality (as a proxy for human capital),
3) size, 4) sector and type of ownership, 5) industry grouping, 6)
establishment year, 7) mobility status (entry and withdrawal
status), and 8) year dummies.

In this study, the impact of the migration of engineers from
corporations in developed countries on innovation in emerging
nations’ enterprises is examined by entering the variable related to
the knowledge worker’s characteristics. Here, I extend this
framework to examine the link between knowledge workers’
characteristics and innovation. The model formula is as follows.

Y = Xb + Zc +Wd+ Im +p

Y stands for the degree of innovative activity, X represents
R&D inputs, Z represents local human capital inputs, and W
represents the characteristics of knowledge workers who migrated
from Japan.

In this study, I use the number of patents and the number of
citations as a surrogate variable for innovative activity. The
number of patents used as an explained variable represents non-
negative numeric data. In this study, a fixed-effect model and a
random-effect model are used to perform the calculations,
following the example of Hausman et al. (1984) [17]. Hall and
Mairesse (1995), Mairesse and Hall (1996), and Harhoff (1998)
analyze French, American, and German manufacturers using a
fixed-effect model to control for the deviation of a company’s
fixed effect [S1]-[53].

4. Results and discussion

After the text edit has been completed, the paper is ready for
the template. Duplicate the template file by using the Save As
command, and use the naming convention prescribed by your
conference for the name of your paper. In this newly created file,
highlight all of the contents and import your prepared text file. You
are now ready to style your paper; use the scroll down window on
the left of the MS Word Formatting toolbar.

WWwWw.astesj.com

4.1. Identify the Headings

The main regression results are reported in Table 1. I analyze
the characteristics of knowledge workers recruited as new hires by
5 successful firms in China and South Korea. A logistic regression
model is used to verify the influence of the basic explanatory
variables, such as inventors’ individual social network index, the
number of years in their career, and the evaluation of their
invention. Model 1-6 reports the results for South Korean
companies and Model 7-10 reports the results for Chinese
companies.

Consistent with Hypothesis 1-1, the results indicate that the
coefficient of forward citations is significantly high for South
Korean companies; however, it is negative for Chinese companies.
Conversely, the results for the number of backward citations are
negative for South Korean companies and positive for Chinese
companies. These results mean that South Korean firms employ
knowledge workers who have had excellent results in their former
jobs and have the ability to be original. In contrast, Chinese firms
employ knowledge workers who have not had excellent results in
their former jobs but who have experience with the complex nature
of innovation. These results suggest that there is a high probability
that South Korean companies select new talent by considering the
number of times that a given patent has been cited, which is the
most commonly used index to indicate a patent’s importance.

In addition, consistent with Hypothesis 1-2, the variable for
years of experience is negative in Model 5 (Hyundai) and Model 7
(Huawei) and positive in Model 1 (Samsung), Model 3 (LG), and
Model 9 (Hon Hai).

The coefficient of HHI is negative for all of the companies.
This result means that successful firms in China and South Korea
select engineers who have experience not in a specified technical
domain but in a variety of technical domains with Japanese firms.
This result supports Hypothesis 1-3.

Consistent with Hypothesis 1-4, the coefficient for degree
centrality is statistically positive in Model 3 and statistically
negative in Model 7. Inventors who have high degree centrality
tend to have experience cooperating with many other inventors in
their company. 1 define them as “star inventors.” This result
suggests that LG acquires “star inventors” and Huawei does not.
In other words, the specific knowledge that an inventor absorbed
while employed at a mature enterprise is not necessarily the most
important element transferred into emerging nations’ companies.

However, consistent with Hypothesis 1-5, the results show that
the coefficient for eigenvector centrality is significantly positive in
Model 2, Model 4, and Model 10. This result means that Chinese
and South Korean companies prefer talent with high eigenvector
centrality. Inventors who have a high score on eigenvector
centrality are inventors with whom the “star inventors” always
want to work. In other words, young, successful firms acquire
knowledge workers who connect strongly with the “star
inventors.” This result supports Hypothesis 1-5.

Table 2 shows the results analyzing the link between the
quality of human capital inputs and innovation using a fixed- effect
model and a random-effect model. Model 1-4 reports the results
for 1990-2011. The null hypothesis can be dismissed based on the
Hausman test regarding the selection of the two calculation
methods. Therefore, the fixed-effect model is preferable.
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Consistent with Hypothesis 2-1, regarding knowledge workers
employed by Japanese firms, the coefficient for eigenvector
centrality is positive in Model 1 and Model 3 in Table 3.
Additionally, the coefficient for degree centrality is positive in
Model 1 and Model 3. However, only the coefficient for
eigenvector centrality in Model 1 is positive. The results showing
a positive coefficient for eigenvector centrality mean that inventors
who strongly connect with “star inventors” contribute to
innovation in emerging nations’ companies. In other words, the
inventors who connect strongly with “star inventors” contribute
more to young companies’ innovation as measured by the number
of patents than do “star inventors” who were formerly employed
by mature companies. Thus, Hypothesis 2-1 is not supported.

Table 3 shows the results of analyzing the link between the
quality of human capital inputs and innovation using a fixed effects
model and a random effect model. Model 5-8 reports the results
for 2001-2011. The null hypothesis can be dismissed based on the
Hausman test regarding the selection of the two calculation
methods. As a result, the fixed-effect model is preferable.

Consistent with Hypothesis 2-2, the coefficient for the number
of Japanese inventors is statistically positive in Model 5. This
result shows the impact on innovation by emerging nations’
enterprises as measured by the number of patents won by Japanese
researchers employed at these companies from 2001-2011.
Similarly, the coefficient for the number of Japanese inventors is
statistically positive in Model 1. However, the level of statistical
significance is different. The coefficient for the number of
Japanese inventors in Model 5 is significant at the 5% level;
however, the coefficient for the number of Japanese inventors in
Model 1 is significant at the 10% level. These results mean that
inventors with experience in a developed country contributed more
to quantity of innovation after 2001 than in the period from 1990-
2001. This tendency is not similar in quality of innovation (see
Model 3 and Model 7). The results suggest that after emerging
nations’ enterprises strengthened their “absorptive capacity,” there
was a high possibility that new hires who had formerly been
employed in developed countries would contribute to innovation,
as measured by the quality of patents. Thus, Hypothesis 2-1 is
partially supported.

5. Conclusion

In this study, I identify the influence of engineers’ mobility
on firms’ development and innovation. In particular, this study
focuses on knowledge spillover and transnational networks
between companies in developing and developed countries from
the perspective of inter-organizational labor mobility. I
investigate the role of engineers who migrated from Japan to
China and South Korea in transmitting knowledge from large,
established companies to young companies.

This analysis has yielded important insights into how
knowledge workers’ characteristics condition their transnational
mobility and engagement in international knowledge
development. First, this analysis of the characteristics of inventors
who migrate from Japanese corporations to China and South
Korea indicates that rapid growth companies recruit knowledge
workers from Japanese companies based on differences in priority
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characteristics such as skills, the length of their careers, and their
experience in technical fields. Interestingly, top firms, such as
Samsung and LG, are more selective in their hiring than other
firms in that they overwhelmingly recruit talent from Japan.
Successful companies in China and South Korea select engineers
who do not have experience cooperating with many other
inventors but who do have analytical skills and problem-solving
capacity. In other words, successful firms require people with
analytical skills and problem-solving capacity, not “star inventors.”
This result means that for successful companies, non-specific
knowledge is more important than specific knowledge. These
findings dovetail reasonably well with the findings from Zellner’s
study (2003) [35].

Second, the knowledge production function is applied to
analyze what types of knowledge workers contribute to
innovation in emerging nations using panel data. With respect to
innovation, inventors who connect strongly with “star inventors”
from developed companies play an important role, as do the “star
inventors” themselves.

Based on the above results, it can be argued that at the time
of hiring, it is most important to select people with the applicable
skills, which suggests that corporate growth requires not only
“star inventors” but also inventors who connect strongly with the
“star inventors.”

My study has notable limitations. At this time, only analyses
of Chinese and South Korean enterprises were conducted.
However, in terms of the relationship between innovation and
talent migration, it would be worthwhile to expand the scope of
analysis to all emerging nations. Additionally, this research
focused on the electronics industry. However, the effect of
inventor mobility may differ considerably from industry to
industry. Therefore, further research is needed on other industrial
sectors.

Nevertheless, the theoretical framework developed and
applied herein draws on a broad range of academic literature. The
empirical findings are well aligned with the framework regarding
the link between the mobility of knowledge workers and
knowledge spillover. The approach developed herein will
hopefully inspire future empirical studies to analyze the role of
migrating knowledge workers.
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