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Abstract

This paper identified productive companies in Taiwan, analyzed the industrial categories of
productive companies, and investigated the types of institutions collaborating with productive
companies, based on articles published between 1982 and 2011. Results indicated that majority of
top 50 productive Taiwanese companies belong to electronic industries. The percentage of top 50
productive companies related to electronics has increased during three ten-year periods in a row.
Approximately 92% of top 50 productive companies are high-tech industries. However, partial low-
tech companies were listed in the top 8 productive companies. A stable trend was observed in the
annual percentage of articles coauthored by researchers from the productive companies and domestic
universities. Researchers in different companies also coauthored articles, indicating industries do not
always compete with each other.
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Extended Abstract

1. Introduction

Industry development relies heavily on
advancement of scientific knowledge. Most
companies have to collaborate with the academia
to conduct scientific research (Hicks, Isard, &
Martin, 1996), and their major collaborators are
universities and research institutes (Lundberg,
Tomson, Lundkvist, Skar, & Brommels, 2006).
Previous research on scientific papers produced
by industrial companies was usually based on a
limited time frame. This study, in contrast, took
a sample covering thirty years (1982-2011) that
allowed for observation of trends and changes in
industrial companies’ scientific research activities.
It focused on the top 50 Taiwanese companies
that were most productive in scientific research as
measured by paper quantity. This study sought to
answer the following research questions:
1.Which companies were the top 50 most
scientifically productive companies in Taiwan?
How was the trend of paper production?

2.How much of the top 50 companies were
high-tech companies? Did the industrial
categorization of the top 50 most scientifically
productive companies changed over time?

3. Did their collaborators change over time?

4. Did the more scientifically productive companies

collaborate with more external institutions?

2. Methodology

Web of Science (WoS) was used as the data
source. To retrieve records of papers published
between 1982 and 2011 authored by Taiwanese
companies, this researcher first conducted multiple
searches in the address field, using “Co.,” “Corp,”
“Inc,” and “Ltd,” combined with “Taiwan,” and
limited the results in research papers. It resulted
in an initial set of 9,485 papers. The records were
then manually inspected to exclude those didn’t
meet the study criteria, e.g., paper produced by
a Taiwanese university and a foreign company.
For the papers that were identified to be by a
Taiwanese company, the company author was
further classified using the industry classification
scheme by the Ministry of Economic Affairs
(2012). Each company was assigned to one most
appropriate category. Those couldn’t be classified
were withdrawn from the data, thus resulting in
6,057 papers authored by Taiwanese companies.

Authority control was conducted to unify
companies with name changes or with various
English names. For the co-authored papers, the
collaborators of Taiwanese companies were
manually categorized into five types: universities
(excluding university hospitals), business
corporations, research institutes, government
agencies, and hospitals. The ESI and JCR

categorizations of the journals in which they

Note. This extended English abstract is supplied by the JLIS editors and approved by the author.
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To cite this article in Chicago format: Yu-Wei Chang. “Industrial characteristics and scientific
collaborations of Taiwanese companies with high scientific productivity.” Journal of Library and
Information Studies 14, no.2 (2016): 93-125. doi: 10.6182/jlis.2016.14(2).093 [Text in Chinese].



published were used as the basis to observe the
subject distribution of the Taiwanese companies’

research areas.

3. Findings
3.1 The top 50 most scientifically productive companies

The 6,057 papers were published by 1,135
Taiwanese companies, among which 3,652
(60.3%) were by 51 companies that were identified
as being the most scientifically productive — some
companies had the same number of papers, so the
top 50 list actually included 51 companies. As can
be seen in Figure 1, since 1996, the gap of paper
production had widened between the scientifically

productive companies and the rest.

3.2 The distribution of industry categories of the

top 50 companies

Of the 51 companies, 26 (51%) belonged to the

category of Electronic Parts and Components, 18

Extended Abstract

of which were manufacturers of semi-conductors,
and 11 (21.6%) were in the category of Computer,
Electronics and Optical Products Manufacturing
(CEOP). By the standard of Hecker’s (1999)
division of high-tech and low-tech areas, 47 of the
companies were high-tech companies.

Table 1 shows the distribution of industries of
the companies whose paper production was among
the top 50 of those particular decades. There were
eight industry categories present in all of the three
decades, and the category of Electronic Components

had been the top area in all three decades.

3.3 The collaborators of the scientifically

productive companies

The top 50 companies had collaborated mostly
with universities (83.9%), followed by research
institutes (7.2%), business corporations (6.8%),
hospitals (1.4%), government agencies (0.5%)
and others (0.2%). International collaborators

No. of Articles —8—Top 50
700 most
’ productive
600 companies
500 —— Talwanf.:se
companies
400
300
200
100
0 m
Year
Figure 1. Chronological Distributions of Paper Production by Taiwanese Companies
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Table 1. The Distribution of Industry Category of the More Productive Companies by Decade

1982-1991 (n=19)  1992-2001 (n=69)  2002-2011 (n=55)

Industry category

% Rank % Rank % Rank

Electronic Components # 26.3 1 34.8 1 49.1 1
Pharmaceuticals # 10.5 2 10.1 3 9.1 3
Electrical Equipment # 10.5 2 8.7 4 1.8 6
Construction # 10.5 2 5.8 5 3.6 4
Food Products and Beverage 10.5 2 29 7 3.6 4
CEOP# 53 6 11.6 2 18.2 2
Chemical Material # 53 6 29 8 -- --
Petroleum # 53 6 29 8 1.8 6
Machinery # 53 6 29 8 -- --
Basic Metals 53 6 14 11 1.8 6
Electricity 53 6 14 11 1.8 6
Telecommunications # -- -- 14 11 1.8 6
Transport Equipment and Parts # -- -- 14 11 1.8 6
Non-metallic Mineral Products -- -- 14 11 1.8 6
Printing and Data Saving # -- -- 14 11 -- --
Fabricated Metal Products # -- -- 14 11 -- --
Textiles -- -- 14 11 - --
Chemical Products # -- -- 5.8 5 -- --
Health Care Equipment # -- -- -- -- 1.8 6
Professional Services -- -- -- -- 1.8 6
Total 100.0 100.0 100.0

# Denotes high-tech categories.

accounted for only 13.2%. Figure 2 shows that the  on the classification of academic departments
collaboration with universities had become stable by the Ministry of Education in Taiwan (2007).
after 1990, while the collaboration with research  Electronic and material engineering had been
institutes and other businesses decreased slightly  the top two fields collaborating with the top 50
each year. Table 2 shows the field distribution of = companies both in entirety and by year.
departments of the university collaborators based
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Figure 2. The Top 50 Companies’ Collaboration with Other Institutions by Publishing Year

3.4 Research productivity index of institutions

collaborating with the top 50 companies

To quantify the contributions made by
collaborators of top 50 companies, the research
productivity index (RPI) was developed to
measure the ratio of the number of companies
collaborating with a specific company to the
number of articles by the company.

The average RPI of the top 50 companies was
0.63, with the highest being 1.28, and the lowest
being 0.23. Correlational test showed that paper
production of the top 50 companies was highly
correlated with the numbers of collaborators.
Companies with more papers tended to have
more collaborators. However, the RPI of the
most productive companies were relatively
lower because they preferred collaborating with

specific institutions.
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3.5 The collaborators of the top 8 scientifically

productive companies

A greater gap in paper production existed
between the top 8 and top 9 companies, making
the top 8 companies a specific subgroup within
the sample. This study thus further observed the
collaboration activities of the top 8 companies,
namely Taiwan Semiconductor Manufacturing
Company (TSMC), Chunghwa Telecom
(CHT), China Steel Corporation (CSC), United
Microelectronics Corporation (UMC), Taiwan
Power Company(TPC), Chinese Petroleum
Corporation (CPC), Advanced Semiconductor
Engineering Group (ASE), and Macronix
International Company (MXIC). The top 8
companies had also collaborated mostly with
universities, but the secondary collaborators had
varied among the companies — research institutes
and business corporations have had their shares

among the Top 8.
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Table 2. The Field Distribution of the University Departments Collaborated with the

Top 50 Companies
Rank Field Times %

1 Electronic Engineering 1,232 44.7
2 Materials Engineering 410 14.9
3 Mechanical Engineering 184 6.7
4 Information Engineering 168 6.1
5 Chemical Engineering 157 5.7
6 Physics 124 4.5
7 Energy Engineering 55 2.0
8 Management 53 1.9
9 Electrical and Information Engineering 51 1.8
10 Earth Science 50 1.8
11 Information Management 42 1.5
12 Environmental Engineering 40 1.5
13 Chemical Engineering 31 1.1
14 Industrial Engineering 31 1.1
15 Medicine 18 0.7
16 Ocean Engineering 15 0.5
17 Outer Space/Astronomy 13 05
18 Education 11 04
19 Civil Engineering 9 0.3
20 Biotechnology 8 03
21 Mathematics 7 03
22 Natural Science 7 03
23 Biology 5 02
24 Biomedicine 5 0.2
25 Engineering 5 0.2
26 Public Health 5 0.2
27 Pharmacy 4 0.1
28 Biochemistry 3 0.1
29 Food Science 3 0.1
30 Military Science 3 0.1
31 Architecture 2 0.1
32 Atmospheric Science 2 0.1
33 Library and Information Science 2 0.1
34 Agricultural Chemistry 1 0.0
35 National Development 1 0.0
Total 2,757 100.0
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Four of the top eight companies were in
the field of semi-conductor industry, thus
dividing them into two groups. Table 3 shows
the distribution of paper topics based on the
journal categorization in ESI and JCR. The semi-
conductor companies had obviously published
more papers in Engineering. But they had also
published a significant portion of papers in basic
subjects, i.e., physics, material science, chemistry.
Computer science was more prevalent in the other
group. This might have to do with one particular
telecommunication company within the non-semi-

conductor group.

Extended Abstract

4. Conclusion

The top 8 companies were the major
contributors of Taiwan’s industry-produced
scientific papers. Their papers together accounted
for 37.3% of the total industry papers, and
61.8% of the papers by the top 50 companies.
The top 50 companies were mostly high-
tech companies concentrated in the fields of
electronic engineering. Over the three decades, the
scientifically productive companies have all been
in the category of Electronic Components, and the
percentages have continued to grow. This shows
Taiwan’s long term devotion and emphasis on the

particular industrial domain.

Table 3. The Distribution of Paper Topics of the Top 8 Companies

Non-semi-conductor companies

Semi-conductor companies

Topic " % " %

1 Engineering 386 383 665 53.8
2 Materials Science 227 22.5 185 15.0
3 Chemistry 111 110 76 6.1
4 Physics 104 10.3 282 22.8
5 Computer science 83 8.2 16 1.3
6 Earth Science 49 49 1 0.1
7 Environmental Sciences 18 1.8 3 02
8 Economics & Business 8 0.8 2 0.2
9 Biology 6 0.6 0 0.0
10 Mathematics 3 03 0 0.0
11 Multidisciplinary 3 03 0 0.0
12 Microbiology 2 02 0 0.0
13 Social Science 2 0.2 3 0.2
14 Agriculture 1 0.1 0 0.0
15  Medicine 1 0.1 2 0.2
16 Pharmacology 1 0.1 1 0.1
17 Zoology & Botany 1 0.1 0 0.0
18 Space Science 1 0.1 0 0.0
19 Molecular Biology 0 0.0 1 0.1
Total 1,007 100.0 1,237 100.0

Note. Non-semi-conductor companies: CHT/CSC/TPC/CPC; semi-conductor companies: TSMC/UMC/

ASE/MXIC.
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However, some companies in the top 8 were
in the low-tech fields, e.g., the power industry and
the basic metals industry. Compared to what was
found in Perianes-Rodriguez, Olmeda-Gomez,
and Ovalle-Perandones (2011) that 31.8% of the
top 50 companies in Spain was in the medical and
pharmaceutical industries, this study found that
49.1% of the top 50 companies in Taiwan were
in Electronic Components. It clearly shows the
industrial variation between the two countries.

This study also shows that business
corporations do not always compete. The top
eight companies showed that other business
corporations could be collaborators as well.
Further, they tended to collaborate with same
parties, meaning that industrial collaboration also
means long term partnership. Future research may
consider incorporating patent analyses to further
understand how industrial companies collaborate
with academia in technology development.
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{LEA R # 53 6 29 8 -
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19 #FEBEFRHERLH] 0.72 18 13
20 EEETTLERMERAH 0.71 42 30
21 B ARR A E] 0.70 20 14
22 KfEEESL TR EIRAH 0.68 31 21
23 hEERE R AR E] 0.68 31 21
24 ETERIER M EIRAHE] 0.67 30 20
25 RREERE i aIRAH 0.67 18 12
26 BRI ARRAF 0.67 15 10
27 HE SR AR 0.66 44 29
28 PRkt ARRAE] 0.65 46 30
29 EAFEREEHR D EIRAHE 0.65 17 11
30 HREELE TZERMARAH 0.58 19 11
31 HEFRHERDEIRAH 0.56 18 10
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