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Do External Funding Sources Affect Research Productivity?:
A Departmental-Level Analysis of Seven Former Imperial Japanese Universities *

Miki Miyaki®
Yuko Okajimat

This study examines the research productivity of departments in seven former imperial universities of
Japan. We categorize the departments into five academic fields: engineering, health sciences (i.e., medicine,
dentistry and pharmaceutical), economics, science, and agriculture. Then, the impact of fundamental and
external research funds is examined to see whether they positively affect research productivity—measured
by the number of papers accepted in peer-reviewed, international academic journals. Additionally, we
investigate whether such external funding sources affect productivity in each of the five fields differently,
noting any variation between them.

The estimation results reveal that, first, the increase of fundamental and external funds per faculty
member is positively correlated with research productivity in the fields of engineering and health sciences.
Second, considering the results of further investigation into the effects of external funding, research
funding by the public sector can increase productivity in each of the five academic fields. Third, the results
pertaining to private research funds show that research funding provided by firms can increase productivity
in engineering and health sciences. However, for economics, the increase in external funding from firms is
negatively correlated with research productivity. This result might be because the purpose of
industry—university collaboration differs according to the academic field. Regarding economics, the output
from the resulting collaboration might not result in the production of an academic paper, but rather make
policy recommendations or provide consulting using quantitative analysis.

This study is the first attempt by any Japanese university to analyze research productivity across several
departments. The empirical results show that depending on the discipline, the same resources of research
funding impact research productivity differently. Nowadays, the Japanese central government has been
about the business of reforming resource allocation systems of universities by evaluating their research
performance, basing them more on the quantitative indicators such as the key performance indicators (KPI).
However, a key result of this study implies that when a relative evaluation of universities is applied, each
university’s situation must be more carefully considered, especially in terms of what kinds of academic

departments it has, and which specialties or segments it features.
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1. Introduction

For Japan, a mature economy, to realize long-term economic growth, fostering innovation
improvements that will raise the level of technology are essential. As a main driver of this movement,
universities are expected to play a central role in promoting basic research, along with providing their
research findings to industry that can create added value. On the one hand, effectively supporting
research in universities has become an urgent and important political agenda for the government,
which led to the enhancement and reform of funding by universities in “The 5" Science and
Technology Initiative (cabinet decision of January 22, 2016).” To “strengthen the fundamental ability
to promote science and technology innovation,” the government plans to maximize both research
capabilities and results by promoting reform pertaining to two types of funding: (1) for basic expenses
that provide stable and on-going support for university researchers, and (2) for public funding that
promotes superior research projects and specific-purpose research.

On the other hand, public funding for higher educational institutions, including universities in Japan,
was about 0.5% of GDP in FY 2014—a rather low level compared to the OECD average of 1.1%.!
Regarding basic expenses needed by national universities, subsidies for operating expenses providing
continuous support for research activities are being reduced every year. However, it is to be noted that
Japan is shifting from supplying basic expenses for public funds to competitive ones. The ratio of
basic expenses and competitive funds was 86:14 in 2001; however, it was 71:29 in 2009 (Maruyama,
2013, p. 61), and this trend has continued down to the present. The aforementioned 5" Science
Technology Initiative also clearly states that the enhancement of competitive funding is important to
secure a diversity of R&D and to contribute to the formation of a competitive R&D environment.
Considering the increase in the competitive fund budget, total research expenses for national
universities is, in fact, increasing. For example, Kawamura (2017) pointed out that when adding
subsidy expenses such as grants-in-aid for scientific research pertaining to operating expense subsidies,
total expenditure—on the basis of financial statements—has increased by about 100 billion JPY
between FY 2004 (the point where fiscal years for National Universities were incorporated in Japan)
and FY 2014 (Kawamura, 2017, p. 29).

On-going tight financial budgets, couple with a lower growth rate in Japan’s national science and
technology budget compared to other countries, and a lower burden of expenditure observed in the
ratio of grant-in-aid for scientific research by the government compared to other major countries, as
well as a flattening ratio of such expenditure to GDP, have made it difficult to expand public research
resources to universities further in terms of both basic expenses and competitive funding. Against this
backdrop, there are now expectations for universities to proactively acquire external private funding
by cooperating with corporations, thus, strengthening the financial foundation for research and to

1 This indicates the portion of educational expenditures including public subsidy to households and the other sectors
(including R&D as well) as a percentage of GDP (OECD, 2017, Education at a Glance, Indicator B2 Table B2.3) . Note that
we should also take various aspects such as financial scale per student and level of tax burden ratio into account when the
desirable size of public funding is discussed.



stimulate research activities. More specifically, the government proposed increasing the amount that
universities and national R&D agencies receive from corporations for joint research projects during
the 5" Science Technology Initiative (FY 2016 to FY 2020) by 50%, and has proposed deliberations
on an incentive design in order that universities may proactively promote
industry-academia-government collaboration, including prioritizing the allocation of subsidies for
operating expenses.

Diversification and strengthening of revenue sources of universities by improving external funding
has become an urgent public policy issue; however, one might reasonably wonder if this direction will
really lead to the improvement of research productivity of universities. The Ministry of Education,
Culture, Sports, Science and Technology points out that the reduction of operating expense subsidies
might have caused instability in the employment environment for full-time faculty members,
especially its junior ones. It mentions that even if research is financially supported by external funding,
it might be difficult to sustain high quality research activities over the medium and long term. While it
may be difficult to quantitatively grasp the full gamut of research progress accomplished by
universities when measuring their research productivity, it is surely important to quantitatively verify
whether the way current funding reform is being conducted will actually maximize the research
capabilities and results in a way that is in line with the government’s intentions, based on currently
obtainable data.

Furthermore, in the third medium-term target and planning period (FY 2016 to FY 2020) for
national university corporations, it is required that not only the government, but also the universities
themselves, effectively and efficiently allocate their resources to their internal organizations by
initiatives through proactively and constantly reviewing their resource allocations, including those
available by means of discretionary expenses by university presidents. In discussing the optimum
allocation of resources within the university, each university must first objectively grasp as much as
possible by themselves, on an internal organization (department) level, their quantitative results and
productivity of their research and other activities. These criteria have been strongly recognized
recently at Japanese universities through enhanced institutional research (IR) activities. Needless to
say, to maintain the persuasiveness of results and the validity of the evaluation process, when
evaluating the research productivity of a department, it is a prerequisite that the departments being
analyzed be as homogeneous as possible.

Accordingly, this paper analyzes research productivity at a department level for seven former
imperial universities situated among Japan’s national university corporations, by setting the number of
peer-reviewed papers adopted in overseas journals as the index of research results. Specifically,
departments were categorized into engineering, health sciences (i.e., medicine, dentistry, and
pharmaceutical), economics, science, and agriculture. Then, the difference between internal funding
sources (primarily for basic expenses) and external ones (primarily for competitive funding),
empirically analyzing their impacts on research productivity. In addition, regarding external funding,
we also examined whether different funding sources affects research productivity, noting any
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variations between the categories and funding sources.

2. Previous Studies

Kanda & Igami (2017) focus on the R&D expenses and R&D human resources related to university
research input structures, referencing The Survey of Research and Development published by the
Ministry of Internal Affairs and Communications, and exhaustively examine the topic using
time-series data and analysis. That study provided a detailed analysis of each university for six
academic fields (i.e., humanities, social sciences, and four natural sciences), considering data from
2002 to 2015.

Regarding the output structure, such as the number of papers and papers cited, Ban & Kuwahara
(2013) conducted an international benchmarking of universities, government departments,
corporations, and others with regard to individual indices, such as the number of papers posted on the
Web of Science published by Thomson Reuters, as well as its complex measures, such as the relative
citation frequency index. The result of the analysis confirmed that the worldwide ranking of the
number of papers produced by Japan and the number of those in the top 10% and 1% of highly cited
papers have been experiencing a downward trend, and that certain national universities, which are the
main players in paper production in Japan, hold a dominant share of published articles and, thus,
influence fluctuations in the share of total papers maintained by faculties throughout Japan.

Furthermore, there have also been attempts to quantitatively analyze subjective data sources, e.g.,
(1) a case study considering whether the relationship between external funding (i.e., consigned
research funding and donation revenue) and operating expense subsidies are complementary or
substitutional, based on questionnaire data received from faculty members (Fujimura, 2017); (2) a case
study that analyzes the relationship between thesis production in foreign languages, internal and
external funding, research time, etc. (Ito, 2011); and (3) a case study that verifies the effects of
university research promotion policies and environment on research results and motivation (Hayashi et
al., 2008). Fujimura (2017) verified that individual research funding serves as a significant coefficient
to determine fluctuations in the amount of competitive and external funding received, and also verified
that the competitive external funding and individual research funding in the natural sciences, plus
competitive external funding and self-evaluation of research capabilities in the humanities and social
sciences exhibited a significant, positive impact on the number of peer-reviewed papers generated
during the past three years.

Yoneya et al. (2013) conducted an empirical study on paper productivity using input and output data,
targeting 142 national, public and private universities that produced more than 50 papers annually (on
average) between 2003 and 2011, taking into account the input data (i.e., the number of researchers
and research expenses) and output data (i.e., the number of papers) in four natural science fields:
science, engineering, agriculture, and health science. The results of his regression analysis showed that
universities with more researchers and larger research budgets produced more papers. Moreover, the
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number of faculties had a positive effect on the number of published papers coming out of national
universities, and the amount of research funding (internally used) from external sources had a weak,
yet positive, impact on the number of papers for both national and private universities.

Hayashi & Tomizawa (2007) used Japanese paper data from 1982 to 2002 to grasp the
characteristics and the background of paper production from the citation frequency and the transition
of its share in the paper production sector. They used the following stipulations: (1) the correlation
between the number of doctoral students increased due to the stricter selection, and more specialized
focus of graduate schools (primarily at previously imperial universities), (2) the total amount of
scientific research funding (grant-in-aid for scientific research) typically represents competitive
research funding, and (3) the number of top-10% cited papers produced per faculty member is a
function of funding received. The study examines the effect of prioritizing research funding looking at
the correlation between the research budget and the number of papers at each university. However, in
not being able to quantitatively estimate the degree of impact that the variances in the universities’
budgets have on the actual number of papers they produce, the correlation analysis method utilized is
limited in its use.

There have been studies that factorized changes in the number of papers in Japan according to
multiple elements, such as those noted in Aoki & Kimura (2014; 2016). The study used growth
accounting with respect to paper productivity within national universities to explain that although
research budgets rose between 2005 and 2009, the number of papers did not increase as much due to a
reduction in the time allotted for paper production; however, its analysis did not go beyond the
university level.

There have been some studies regarding the efficiency of paper production by narrowing down the
academic fields considered. For example, analysis on the effectiveness of research production by
female researchers and external funding in medical and health science fields has been done (Fukuzawa,
2015).2 There was measurement of research promoting the effect of research funding programs found
in the life sciences, IT, electricity, and electronics fields (Fukuzawa & lda, 2010), too, and an analysis
of the share and number of papers published by Japanese research institutions in six engineering fields
(Ohtawa, 1998). Fukuzawa (2015) verified that the higher the external funding proportion was relative
to a research institution’s own funds, the more efficient the research production became. Mizuta
(2014) verified that when a national government or corporation is the external funding source,
research results increase. This posits a valuable implication due to the limited number of actual studies
on the relationship between research funding sources and research results, but a limitation in his
results in that the analysis was confined to the university level.

2 |da & Fukuzawa (2011) expanded its analysis into 6 fields (Healthcare, IT and Electricity, Social science, Chemistry and
Material, Medicine, Machinery, geology and architect), examined the effect of external funding by conducting DID
estimation.



3. The Actual State of Research Funding Sources in the National University Sector

Prior to analyzing research productivity at the department level, first, we will explain the categories
and content of each research funding source used in this paper. In addition, we will summarize how
the university research funding source and funding size have changed over the past thirty years for the
national university sector. We referenced individual data from the university survey sheet in The
Survey of Research and Development (1984 to 2016), published by Statistics Bureau, Ministry of
Internal Affairs and Communications.

In this survey, university expenditure for research-related work is recorded as “internally used
research expenses.” Its funding source can be largely divided into “funds accepted from external
sources” (hereinafter referred to as “external funding”) and “its own, internal funds.” Specifically,
external funding refers to consigned funds, grants-in-aid for scientific research, subsidies, grants, etc.
All other funding besides external funding are regarded as internal funding, including student
payments that national universities collect from households in the form of tuition, etc., as well as
operating expense subsidies and facility maintenance subsidies received from the national government.
Here, in particular, it is difficult to strictly distinguish between the expenditure of student payments
and operating expense subsidies used for education and research. Although the amount of research
expenditures reported by the representative of each department were used in this survey, we must take
note of the possibility that personnel expenses, etc. might be exaggerated, which could inflate the
internal funding amount above reality.

In this paper, we obtained the figure for internal funding from the following formula, according to
the definition found in the Survey of Research and Development: “own, internal funding = internally
used research expenses — external funding (used internally).” It is nearly impossible to track or
determine the full gamut of sources that comprise internal funding (operating expense subsidies,
facility maintenance subsidies, etc.) due to data constraints, but the providers of external funding can
be categorized as noted in [Table 1] .



[Table 1] source categories of “external funds”
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Source: Authers refferd to “Survey of Research and Development” (Ministry of Internal Affairs and Communications) and

Kanda and Igami (2017)

During the period under analysis (1984-2016), the external fund provider category in the Survey of
Research and Development has been revised twice. This paper examines the external funds using three
categories: (1) the public sector; (2) the private sector; and (3) foreign countries, based on survey
items that were common throughout the period. Furthermore, the public sector is divided into four
subcategories: (a) the national government; (b) local governments; (c) national and local public
universities; and (d) other public institutions, while the private sector is divided into three
subcategories: (a) firms; (b) private universities; and (c) nonprofit organizations.

[Fig. 1] outlines the transition of internally used research expenses (total research expenses used
internally by the universities within the national university sector), as well as those transitions related
to internal funding and the external funding that comprise it. The figure also shows the trend of funds
allocated to personnel expenses among internally used research expenses.

The total amount of internally used research funds in FY 1984 was 711.4 billion JPY (12.83 million
JPY per regular faculty member); however, this amount climbed to 1.4671 trillion JPY (21.04 million
JPY per regular faculty member) in FY 2016. The number of regular faculty members has increased
(net) from roughly 55,000 faculty members in 1984, and although this number declined or flat-lined
during the 2000s, it started rising again around 2010, reaching about 69,000 faculty members in 2016.
Therefore, the increase in research budget per faculty member was not due to the decrease in their
number. About 60% of the internally used research funds were allocated to personnel expenses until
the mid-1990s; however, in recent years, the ratio has dipped slightly to around 50%-60%.

As of 1984, the universities” own, internal funding accounted for 93.9% (total amount: about 668.1
billion JPY; 12.5 million JPY per regular faculty member member) of total research funding, and as of
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2016, it accounted for 71.8% (total: about 1.533 trillion JPY; about 15.11 million JPY per regular
faculty member member). As of 1984, the external funding accounted for 6.1% (total amount: JPY
43.3 billion JPY; 780,000 JPY per regular faculty member member) of total research funding, and as
of 2016, it accounted for 28.2% (total: about 413.7 billion JPY; about 5.93 million JPY per regular
faculty member).

Total external funding received has increased tenfold over the past thirty years—per faculty member
nearly eightfold—and the rate of acceptance has been increasing especially after FY 2000. Internal
funding (net) increased until around 1994, but has been transitioning ever since, showing a net
decrease annually. As mentioned previously, the small fluctuations might be due to hardware
maintenance costs, as internal funding includes facility maintenance subsidies. In any case, both
internal and external funding has clearly been on a declining trend since around 2014. For an
institution’s own, internal funding, it is consistent with the period when a large sum of facility
maintenance budget was instituted in 2014, as part of an emergency economic measure.

[Fig. 1] Trend of internally used research funds (own funds + external funds)
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[Fig. 2] shows the transition in external funds based on the following financiers: (1) the public
sector; (2) the private sector; and (3) foreign countries.

As of 1984, the proportions of financiers were as follows: 67.2% public sector (total: about 29.1
billion JPY; about 520,000 JPY per regular faculty member); 32.4% private sector (total: about 14
billion JPY; about 250,000 JPY per regular faculty member); 0.4% foreign countries (total: about 200
million JPY; about 30 million JPY per regular faculty member). As of 2016, there was 78.5% public
sector (total: about 324.8 billion JPY; about 4.66 million JPY per regular faculty member); 32.4%
private sector (total: about 86.2 billion JPY; about 1.24 million JPY per regular faculty member); 0.7%
foreign countries (total: about 2.7 billion JPY’; about 40,000 JPY per regular faculty member).

The research funding acceptance rate from the public sector has been on a significantly increasing
trend since 1994, and its growth rate has increased further around the time when the national
universities were incorporated in 2004.

The increase in the acceptance of research funding from the private sector has been particularly
notable since around 2000. However, it started stalling around 2009, and has been nearly flat ever
since. This is consistent with the declining trend of R&D expenses of corporations and the industrial
sector in 2009—after the world financial crisis of 2008.

Although the overall share of research funds from foreign countries is minuscule, it has been
increasing steadily in the past thirty years. Both the total amount and research budget per regular
faculty member have increased thirteenfold.

[Fig. 2] Trend of source of external funds
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[Fig. 3] breaks down the source of research funding from the public sector: (a) the national
government; (b) local governments; (c) national/public universities; and (d) other public institutions.

Other elements: (a) The proportion provided by the national government as of 1984: 91.6% (total
amount: about 26.7 billion JPY’; 480,000 JPY per regular faculty member) of total research funds, and
as of 2016, it accounted for 26.1% (total: about 84.8 billion JPY; about 1.22 million JPY per regular
faculty member). (b) The proportion provided by local governments as of 1984 was 2%, and about
2.5% in 2016. The statistics for 2016 alone set a low standard: a total of about 8 billion JPY, which
was about 110,000 JPY per regular faculty member. (¢) The proportion provided by national/public
universities is not that high, which was about 4% in 2016. Fund size was about 13.9 billion JPY in
total (about 200,000 JPY per regular faculty member). (d) The proportion provided by other public
institutions as of 1984: 5.3% (total amount: about 1.5 billion JPY; JPY 30,000 per regular faculty
member) of total research funds, and as of 2016, it accounted for 67.1% (total: about 218.1 billion
JPY; about 3.13 million JPY per regular faculty member).

Although the fund size has been expanding, the proportion that the national government provides
has decreased by as much as 70% during the past thirty years. The figure shows a significant decline,
especially from 2014; however, it is important to note that the subsidies provided by the national
government had started to be imparted by other public institutions. For example, part of the health and
labor sciences research grant has been transferred to the Japanese Agency for Medical Research and
Development (AMED), and Grant-in-Aid for Scientific Research by MEXT was transferred to the
Japanese Society for the Promotion of Science (JSPS). Hence, there have been changes in the
subsidy-implementing entities.

Looking at the flow of research funds from the national government in closer detail, we can confirm
that the large increase started around 2002. Possible reasons for this metamorphosis include the
reduction in special accounting during the restructuring of government ministries in 2001 that led to an
inflating of general accounting figures, as well as the fact that subsidies such as the 21% Century COE
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program kicked into high gear after the national universities were incorporated.

[Fig. 3] Trend of source of external funds from the public sector
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Lastly, [Fig. 4] breaks down the source of research funds from the private sector: (a) firms; (b)
private universities; and (c) nonprofit organizations.

Other elements: (a) The proportion provided by firms as of 1984 was 80.3% (total amount: about
1.13 billion JPY; about 200,000 JPY per regular faculty member) of total research funding, and as of
2016, it accounted for 70% (total: about 60.3 billion JPY’; about 870,000 JPY per regular faculty
member). The share itself has been smaller; however, the total amount and amount per faculty member
have increased fourfold to fivefold over the past thirty years. (b) The proportion provided by private
universities is not too large. (¢) However, the proportion provided by nonprofit organizations as of
1984 was 19.7% (total amount: about 2.8 billion JPY; about 50,000 JPY per regular faculty member)
of total research funding, and as of 2016, it accounted for 28.2% (total: about 24.3 billion JPY; about
350,000 JPY per regular faculty member). Its share has grown by around 10%, and the amount per
faculty member has increased sevenfold.
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Since around 2009, the external funding from firms have shrunk by around 16%. This decline is
probably because the funds for R&D have been reduced due to the effect of the aforementioned 2008
financial crisis. This trend has been flat since 2009. There is a similar trend in the external funding
from firms and not-for-profit organizations; however, we believe that this is because many foundations
that provide research grants operate under the management of Japanese firms.

[Fig. 4] Trend of source of external funds from the private sector
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4. Actualities of Research Funding Resources and Research Production (i.e., the Number of
Published Papers) of the Seven Former Imperial Universities

In this section, we will examine the transition (in time series data) of the financiers of research
funding, as well as their funding amounts for the departments by academic field that could serve as
subjects of analysis. This paper targeted the departments of seven former imperial universities
(Hokkaido University—Tohoku University—University of Tokyo—Nagoya University—Osaka
University—Kyoto University—Kyushu University) to analyze research productivity, due to the data
restrictions concerning the number of papers published on a department level used mainly for the

output index. Here, the department refers to the university’s faculty members, graduate school
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programs, and university-affiliated research laboratories established in accordance with the
universities’ midterm objectives. In addition, the term academic field refers to one of the five fields of
economics, science, engineering, agriculture, and the health sciences.

First comes an overview of the actual situations of internally used research funding. The total
internally used research funding of departments in the five aforementioned academic fields of the
seven former imperial universities have been gradually transitioned from approximately 460 billion
JPY to 510 billion JPY. In terms of the composition of research funding, the institutions” own, internal
funding has been transitioning on a similar scale to between 260 and 280 billion JPY (except in 2009,
when it has skyrocketed to approximately 310 billion JPY), and the external funding from the public
sector has generally increased from approximately 120 billion JPY to 200 billion JPY. The ratio of
external funds relative to the internally used research funds has climbed more than 10% from 35.6% to
46.8%. In terms of the composition ratio of external funds, those from the public sector have increased
by about 5% from 78% to 83%. External funding from private sector hovered around 21% until 2008
but has since remained at around 17%.

When analyzing the composition of internally granted research funding according to academic field
(see Fig. 5), the largest total amount is in engineering, with the combined figure for the seven former
imperial universities hovering around 200 billion JPY. The total figure was largest in 2009
(approximately 210 billion JPY). We believe this is because many universities significantly upgraded
their facilities using supplementary budget and appropriation surplus for that year and, thus,
expenditures by engineering departments with large-scale facilities significantly increased. The next
largest funding target are the health sciences, which increased from approximately 120 billion JPY to
160 billion JPY, and its rate of increase has been the highest for the past ten years at 128%. The next
largest overall funding is fixed in the science field, which transitioned from approximately 100 billion
JPY to 120 billion JPY. Total research funding in 2009 also increased for the health sciences and
science fields. Presumably, a scenario similar to that of the engineering field was at play. During the
same ten years, total research funding for the agriculture field transitioned from approximately 36
billion JPY to 41 billion JPY. The amount for economics lingers around 8 billion JPY.

When the composition ratio of research funding is examined, the field with the highest ratio of
external funding is health sciences, which became the majority after 2009, and hovers around 57% in
recent times. The external fund ratio for Science, Engineering and Agriculture is hovering between
low 30% and 40%, and that of Economics is hovering around 20%. When the composition ratio of the
external funding by fund source is examined, the field with the highest rate of fund received from
public institutions is Science at low 90%. In the health sciences field, the external research fund rate
received from private sector has gone down dramatically from 33% to 20%. The list of academic fields
from the highest to lowest external fund ratio from private institutions is as follows: Economics (20 to
26%), Engineering (17 to 24%), Agriculture (8 to 12%) and Science (6 to 7%). There has been no
significant increase or decrease.

When the transitioning of external funding sources is examined even further, the breakdown of the
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external funding from the public sector is as follows: in all the academic fields, the proportion of
external funding from the national government and other public institutions is high; the sizes of
external funding from the national government, local governments and national/public universities are
mostly flat; and external funding from local governments, national/public universities is extremely
small. It is easily recognized that external funding from other public institutions are on a significantly
increasing trend. There was a large difference between the academic fields in terms of the size of
external funding from public institutions. Compared with approximately 80 billion JPY and external
funding 70 billion JPY in engineering and health sciences, respectively, it remained significantly small
for economics at less than JPY 10 billion during the past ten years. When it is considered that external
funding from the public sector for engineering and the life sciences during the past ten years has
increased by 20-30 billion JPY for each of them, it is clear that the gap is widening. The proportion of
external funding from “other public institutions” within the public sector has been on an upward trend,
especially for engineering, economics and science. The composition of the public sector’s contribution
to the aforementioned fields was around 30% in 2005, but climbed to nearly 70% in 2014. The same is
true for health sciences and agriculture, which have risen to nearly 50%.

In terms of external funding from the private sector, the size of funding from private universities has
been small; funding from nonprofit organizations has been flat with some fluctuations; funding from
firms has fluctuated annually. External funding from firms ranged from 15-20 billion JPY for
engineering and health sciences, but did not exceed 1 billion JPY for economics. The amounts seem to
be fluctuating widely; however, when the transition of ratio of external funding from firms with
respect to external funding from the private sector is examined, the fluctuations are not so feral. The
external funding proportion for engineering and the health sciences has been suspended around 75%
(£5%), and the fluctuations were confirmed to be moving along with external funding from nonprofit
organizations.

[Fig. 5] Total amount of internally used research expenses and composed ratio by academic fields

5-1 Total amount of internally used research expenses by academic fields
(Annualised data in hundred million (JPY))

Academic Fields




5-2 Total amount of external funds from public sector by academic fields
(Annualised data in hundred million (JPY))

Academic Fields
Engine ] Health Sc = Eco CS i

5-3 Total amount of external funds from private sector by academic fields
(Annualised data in hundred million (JPY))

Academic Fields axternal funds (private

Eng ring Hea Economics >clence g externa

Source: Author

Finally, the transition of number of papers on a department level may be used as an output index.
The number of papers produced within the five academic fields by the seven former imperial
universities, posted on Web of Science, has increased by 107% over the past ten years, from 34,500 to
36,981. The percentage increase from the year with the lowest paper production (2010) to the one with
the highest production (2013) was 10%; however, the production volume steadily declined thereafter.
When each academic field was examined, the number of papers produced in health sciences had
significantly increased. The number of papers in 2014, the highest production volume in seven years,
was 118% of that reached in 2009, and the volume for 2015 was slightly lower than 2014, but still
115% of the figure in 2009. The number of science papers grew 110% from 2011 to 2012; however, it
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has been mostly flat ever since. The numbers of papers in economics, engineering and agriculture have

seen slight fluctuations, but have been mostly flat.

Total number of papers that were posted on Web of Science by academic fields

[Fig. 6]
6-1 Total number of papers that were posted on Web of Science
(Annualised data)
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6-2 Total number of papers that were posted on Web of Science by academic fields

(Annualised data)
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5. Department Research Productivity Analysis (By Academic Field)

5. 1. Analysis Framework

In this section, we will conduct a regression analysis using the numbers of paper data harvested

from Thomson Reuters’ Web of Science (WoS) as the explainable variable, and human resources and

capital data from the Survey of Research and Development as the explanatory variables. Seven years’
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data were available on the number of papers (from 2009 to 2015). This paper deems the number of
papers produced three years after the input of human and physical resources as the output of the
research activities, and uses the data between 2006 and 2012 obtained from the Survey of Research
and Development as input data. [Table 2] shows the descriptive statistics of each variable. The outline
of each variable is as follows.

Data on papers posted in WoS by each department of the seven former imperial universities used as
research output were provided by Professor Takayuki Hayashi of National Graduate Institute for
Policy Studies. According to Professor Hayashi, the following methods are used for the identification
of departments. First, the following five existing databases were combined to create the
Japanese/English name thesaurus on the three levels of university, faculty and department, which were
fed into the WoS data to temporarily classify them into departments based on the names of affiliated
institutions and postal codes: (1) university portrait; (2) “Consistency Table for English Names of
Universities and Public Institutions” by National Institute of Science and Technology Policy; (3)
“Information on Japanese schools (universities, colleges and junior colleges)” from the Japan Student
Services Organization; (4) J-Global’s “Institution Name Data;” and (5) business-type postal code data
from the Ministry of Posts and Telecommunications. Then, these classified names of affiliated
institutions were added to any English institution names (mainly names on the third hierarchy level
that fall under a department level) not listed in the thesaurus so that the thesaurus is made up to date.
Unclassified department names are manually classified if their names come up frequently. By
repeating the process of updating the thesaurus and manual classification several times, identifications
of the departments were undertaken as well as could be expected. The final identification rate of
number of papers between 2009 and 2015 published by each university was as follows: Hokkaido
University (91.3%), Tohoku University (93.7%), University of Tokyo (91.3%), Nagoya University
(90.3%), Osaka University (93.5%), Kyoto University (92.3%) and Kyushu University (90.4%). The
papers were counted using the integer method, and when the same department appeared more than
once in a single paper, we counted the department as “1” instead of counting each of their
appearances.

By merging the WoS paper dataset of the departments obtained via the aforementioned method with
the individual dataset found in the Survey of Research and Development on a department level, we
aligned them with the fiscal years of the input variables to produce an analysis-ready database for
2006-2012. The academic fields of target departments are engineering, health sciences, economics,
science, and agriculture, and the number of departments as of 2012 were 37, 26, 10, 28 and 10,
respectively. These departments include the university’s research laboratories, but not on-campus
collaborative educational research facilities, nationwide shared facilities, etc.

In the context of this paper, the university research result index merely refers to the number of
papers adopted and published in overseas, peer-reviewed journals, and the term “research productivity”
refers to the productivity of papers in them. Of course, a result of university research activity is not
limited to paper production, but is expressed in many different ways. By first recognizing that
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limitation, the analysis and interpretation may proceed.

Explanatory variables in this paper relate to the funds data broken down based on an institution’s
own, internal funding, external funding and providers of external funding, and we also considered
other human resource data as follows. Specifically, the data include the percentage of full-time
employees with a Ph.D. degree, the number of doctoral course students per full-time faculty member,
and the number of medical staff and other researchers per full-time faculty member.

The percentage of full-time employees with a Ph.D. degree serves as a proxy variable for the quality
of the faculties, etc., and is believed to have a positive impact on paper productivity. However, 80% to
90% of full-time department employees outside of the economics departments have Ph.D. degrees,
variation in this variable is rarely seen. The number of doctoral course students per full-time faculty
can possibly have either positive or negative impact on paper productivity. In the science departments,
it is not uncommon for faculties to conduct research activities with doctoral course students in the labs,
and doctoral course students contribute to the paper productivity. However, research activities in
liberal arts departments such as economics exhibit a strong characteristic of “proprietorship” on the
part of the faculties, and the doctoral course students are mainly subjects to be educated. Therefore,
having many graduate students may have a negative impact on paper productivity due to the limitation
it places on the faculty’s research time. In the case of medical staff, the paper production will depend
on whether the staff is mainly researching, training or working and, hence, the sign of estimation
coefficient can either be positive or negative.

The flow of our analysis is as follows. First, we will analyze how the size of the organization’s own,
internal funding (mainly covering basic expenses) and external funding (mainly dealing with
competitive funding) impacts paper productivity (Model 1). Next, we will categorize the providers of
external funding into the public sector, the private sector and foreign countries, and verify their
relationship with paper productivity (Model 2). We will further setup Model 3 (dividing public sector
into four categories: the national government, local governments, national and public universities, and
other public institutions) and Model 4 (dividing private sector into three categories: corporations,
private universities, nonprofit organizations), and verify their individual relationship with paper
productivity.

The analysis uses seven years’ worth of pooling data. This paper simply applies and explores
multiple regression analysis to examine how and to what degree various types of funds affect paper
productivity per faculty member. Among the target departments, agriculture and science departments
in particular are highly interdisciplinary. For example, there are various subfields that researchers in
agricultural departments can engage in, such as fields that primarily study biology and chemistry that
can relatively easily lead to papers being published in overseas journals. There are also fundamental
fields such as genetics, breeding, cultivation, crops, soil, etc., and there are other fields including
biotechnology, the ecosystem, marketing, weather, etc. Therefore, they are varied, and each field seeks
different outputs and thus entails different results. Examples include studies that focus on experiments,
fieldwork, engineering, civil engineering, etc., and fields that require certain number of papers to be
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posted in overseas journal as results, etc. Hence, the fields of engineering, health sciences and
economics are the main focus, in which the number of papers are relatively commonly regarded as
research output, in order to properly conduct the analysis. For reference, estimations on cases that
integrate all academic disciplines are also made.

[Table 2] Descriptive statistics

Wariables s, Mean St.0ew Min Max
Dependent Wariable
the number of paper par full-time faculty 110 28 70 [ 1#] 1840
Independent Wariables
Tha ratie of full-time employess with a Ph. D. degree 1.7 08 02 oo 10
Tha nurnber of dostoral course students per full-time faculty 1.287 06 o7 oo 51
Tha nurnber of medical staffs and other ressachers per full-time faculty 1.287 04 07 oo 130
Crain funds 1.287 328 5.6 oo 12369
External funds 1287 138 26.3 oo 158.4
Extermal funds from the public sector 1.287 114 246 oo FETH
External finds from the private sectar 1207 23 55 [ 1#] 005
External funds from abroad 1297 00 02 00 52
Extarnal funds from the public sector
from the central government 1.287 58 10.7 oo 1331
from local governments 1.287 oo 02 oo 58
from national and local public wiiverstiss 1.287 02 o7 oo 123
from ather public organizations 1287 53 18.5 oo G124
Extarnal finds from the private sector
from firms 1.287 1.7 43 oo T4.1
fradm prvate universitias 1297 [T} 0.3 [T} 6.7
fremm non—profit erganizations 1.287 06 21 00 ]

* fimancial data is standerized per full-time faculty.
ok Tha unit of financial data iz million yven.

Source: Author

5. 2. Analysis Results and Interpretation

[Table 3] illustrates the estimation results of Model 1 through Model 4. First, we will examine the
estimated coefficients of explanatory variables of research funding source that we have explored in
this paper, primarily in cases (2) through (4) of engineering, health sciences and economics. The
estimation result of Model 1 clearly shows that an increase in an organization’s own, internal funding
per faculty member significantly and positively increases the number of papers published per faculty
member, in all the said fields. Similar results were seen for external funding for engineering and the
health sciences departments, but not for economics.

When examining the impact of external funding by financiers from the estimation results of Model
2, the external funding from the public sector, which accounts for about 80% of external funding, are
positively significant in all cases (engineering, health sciences, economics). For engineering and the
health sciences, the increase in research funding from the private sector heightens paper productivity.
In the previous section, we outlined that at present, the ratio of external funding received from foreign
corporations and universities is extremely low, and that in many cases, its impact on paper
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productivity cannot be verified. As an exception, the data shows some negative significance in the
health sciences; however, the primary objective of international joint studies is not always paper
productivity. Since there are university hospitals and the medical/research centers, their primary results
may simply be clinical research in some cases.

The estimation result of Model 3 and Model 4 (cases that categorized public institutions and private
institutions in more detail) show that external funding, the majority of which comes from the national
government, positively and significantly affected all academic fields. Similar results were seen for
other public institutions, except in the health sciences. Yet, as explained in section 1, this outcome is
partly because subsidies that were conventionally provided by the national government started to be
made by other public institutions. Hence, we must take note of the changes in subsidy-implementing
entities. In economics, collaboration with other national universities significantly heightens paper
productivity. However, external funding from local governments exhibited a significantly negative
impact on the number of papers per faculty member in engineering and economics. The results of such
research activities funded by subsidies from local governments are not always in the form of papers
being submitted to overseas journals due to the possibility that the main objective might be to resolve
social challenges of local economies and to try to revitalize them.

Lastly, the private sector’s external funding from firms was positively significant in engineering and
health sciences, while it was negatively significant in economics. The industry-academia collaboration
in the economics field are often seen in the United States, for example, in corporate marketing
strategies that take advantage of the theories and demonstrations of experimental economics and
behavioral economics. This can be regarded as a benefit for the university that likewise increase its
published paper production. However, in Japan, it is doubtful whether such industry-academia
collaboration would lead to a paper. Presently, universities prioritize providing reports of their
achievements, advice on application and utilization of the findings, etc. to firms. In engineering and
the health sciences, collaboration with private universities was positively significant. In the health
sciences and economics, collaboration with nonprofit organizations such as private foundations and
medical corporations was, too.

The estimation results of the human resources variables showed that the coefficient of the
percentage of Ph.D. holders among faculties, medical staff, etc., which is a proxy variable representing
the quality of the researchers, was mostly positively significant in engineering and economics.
However, in the health sciences, certain variables that were significant in one area proved to be
negative in others. In this field, there is a possibility that the motivation to produce a paper is higher
before acquiring a Ph.D. than afterwards. It suggests that doctoral students complement paper
production of faculties in the health sciences field. In engineering and economics, it was
non-significant, and neither complementary nor substitutional. Increasing researchers (other than
medical staff) and faculty members increased paper production in engineering and economics, whereas
it negatively affected those produced in the health sciences. Since medical staff are not employed in
engineering and economics departments, full-time researchers other than faculty members are
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considered to contribute to their paper productivity. Yet, in the health sciences field, the role of

medical staff is not necessary to partake in studies, but rather, primarily, for clinical trials, training, etc.

Hence, the results of their activities may be considered as a tradeoff to paper productivity.

[Table. 3] estimation results

Dependent Variable: 4} {4} 3 (4 [ (6

the number of paper per full~time All thve fields Engineering Healthaare Econormics Science Agriculturs

faculty

full-tirme employesas with a Ph. D.

dagree / full-time employess 2 806 R 1.882 *E 0834 = 0488 = 3251 R —0.755
(0,384 (0738 {04848 (0.236) (1.321) {0.834)

doctoral cowse students / full-time

faculty 0107 * 0B 0087 0002 0,350 R 0448 Ak
{0056 {0100 (0082 {002 o112 {0134

medical staffs and other reseachers

S full-tirme faculty 1.758 R 111 Ak -840 W 1020 e 2318 R 0566 *E
{0,302 {0.3546) {0.3300 (0.243) (05530 {0_260)

own funds 0024 R 036 Ak 0028 R 002E = 0033 R 0006
(0005 {008 (00100 [LUTH A LUTIAR {0007

external funds o7 R 038 Ak 0uDa2 R oup222 0020 = OGS Ao
{0008 {00010 {0000 [T (00100 [LUTHRE

constant -1.331 e -1.081 2512 R —0.555 -1.639 1551 *
{0.3800 04T (0.432) (0.374) (1_288) {0.785)

yaar effect 9 9 9

obseavations 145 234 177 i) 195 0

R-squared 0.323 0384 0353 0508 0250 00634

Metel: Rebust standard error in parentheses,
MNoted- ¥k 3¢ * indicate that each coafficient is statistically significant at 1% 5% and 10% respectively.
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Dependent Variable: {13 (3 (3 () A N

the number of paper per full-tme All the fislds Engineering Healthcare Ecanormics Science Apriculture

faculty

full-tirme emplayasas with a Ph. D.

dagres / full-time employess J.002 Ras 1715 **E 0282 0418 **E J 265 = —0.85%
(0.3000 [ IRk ¥ (0518) {0.205) 1.3500 (0.805)

doctoral course students < full-tima

faculty 0135 006D 0215 U 0341 bad 0424 Aok
(0.058) 0102 (0.089) (0.025) 0121} (0,134

medical staffs and other reseachers

S full=tirme faculty 1760 ok 0A72 0692 ek 0067 kaad 23068 ok 0735
(0208} (10,3800 (0200 0218) (0.EAT) (02000

wwn funds 0026 Wk 0033 ik 0032 Pk oMy * 0,033 basd 0007
(00006 (0,008} {0010} {0,010} {0010} (0,007}

external funds (tha public sector) 0o 0033 ek 03 A 047 ek 0021 4 0DES ek
{0,008} {0,010} {0.007) (0,01 8) {0010} {0,010}

external funds (the private sectar) 0106 ek 0112 deek 0233 Aok | 00048 0.007 —0.081
(0.025) (0.028) (D.044) (0.028) (0.104) (0.078)

external funds (abroad) 0.070 -0.032 -0.963 =* -2.338 0.038 0.090
(0.310) (0.585) (0.554) L2187 (0.504) (1.327)

constant =1644 ok 0834 1338 0422 -1.647 1782 4=
(0.382) (0729 (D.518) (0.309) {1.324) (0,782

yaar effest ) ] ] - ] -

obsarvations 745 234 177 3] 185 70

R-squared 0.337 041 0472 0664 0250 066

Metel: Rebust standard error in parentheses,
MNoted- ¥k 3¢ * indicate that each coafficient is statistically significant at 1% 5% and 10% respectively.
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Dependent Variable : {13 (3 [k (4 {5 )

:ha Ttumhar of paper per full-time All the fislds Engineering Healthcare Ecanarmics Science Apricultura

aculty

full-tirme emplayess with a Ph. D.

dagree / full-time employess 2958 Ak 1453 ** -0.184 0232 28M ** =1.107
(0.3900 (0.681) (05130 0218) {1383} 0TI

dactoral course students o full-tima

faculty 0133 Rad 0oTy 02 Rad =003 0373 Ak 0467 ek
(0.058) {0,100 (0.090) (0,022 0121} (0.1346)

medical staffs and other reseachers

S full-tirme faculty 1.747 Ak 04 * 05T A 08B e 2286 Ak 0585 =
(D.204) (0.3846) {0281} (0223 (0.604) {0270}

own funds 0027 Ak 04D e 0026 Ak 00T 034 Ak 005
(0,005} (0,009} (0.008) (0,008} IGTRY (0,008}

central government 0027 Easd 0029 £l 0063 Easd 0042 Easd —0.035 0.DED Easd
{0000 0.013) [LTE Y] 0015 {0029} [T

lecal governments —0451 —0857 = 0437 0833 = 0872 = 2186
(0.283) (0.429) (D.518) (0.300) (0.548) (0,803}

national and local public universities | —0U033 =002 0047 0647 * 0005 =021
(0047 (0.036) [ REIH {0.336) {0157 {0.262)

other public organizations 0001 0047 Easd om2 0152 Easd 0016 = 0076 Easd
(0.008) (0,01 5 IGTRY (0,023 (0,008} (0,024}

external funds (the private sectar) 0008 ek 0103 Fok 0212 Wk —0U0B2 ek 0,051 -3
(0024} {0,030 (00 {0.024) {01200 {0,080

external funds (abroad) 0108 oE -1.334 4k -31876  * (RN —0UD58
(0.308) (0.503) (D544} (2004 (0.520) {1.444)

constant 1678  4ee —0.803 1173 ** =140 -1.331 2072 e
(0.384) {i0.680) (0.523) {i0.30:00 {1.359) (0,744

yaar effest ) ] ] - ] -

obsarvations 145 234 177 i3] 195 0

R-squared 0343 0428 0485 0761 0262 0685

Metel: Rebust standard error in parentheses,
MNoted- ¥k 3¢ * indicate that each coafficient is statistically significant at 1% 5% and 10% respectively.
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Dependent Variable: {13 (3 (3 () A N

the number of paper per full-tme All the fislds Engineering Healthcare Ecanormics Science Apriculture

faculty

full-tirme emplayasas with a Ph. D.

dagres / full-time employess J.026 Ras 1.702 **E 0113 0552 ek 2 286 * —0.883
(0.3000 0 (0LE16) 0.201) (1.275) 0847

doctoral course students < full-tima

faculty 0137 ok 0058 0231 ok -0 s o174 0402 ok
(0.058) (0,104 (0.090) (0,022 0118} 0137

medical staffs and other reseachers

S full=tirme faculty 1735 ok 0838 e 0666 ek RO I o 1805 ok 0628 =
(0.293) (0.385) (D.289) (0223 (D.568) (0.318)

wwn funds 0026 Wk 0033 ik 0,033 basd 0024 Ak 0025  *k 0006
{0005} (0,008} {0010} (0,005 {0010} (0,007}

frms 0126  wkx 0137 ek 0287 haad 0077 Wk =047 —0u026
(0.032) (0,044} {0051} (0,024} {D.240) (0.002)

private universities 0.752 * 0472 Eaad 1.758 Ik =600 5206 Eaad 0,686
(0.438) (0.078) (0.725) (0,688} (2 245) {1.630)

nonprofit organizations 0058 066 0137 * 0268 **E o —0.125
[T (0075 00T [ RREY {0230} 01010

external funds (the public sector] 0010 0029 Easd 0029 Easd 0042 £l 005 [ELE S Easd
(0,008} [GTIRY (0.006) (00T (0.008) {0,010}

external funds (abroad) 0134 0.050 -0615 -12.810 ok [FEES 0290
(02948} (0.584) (D.494) (3.924) (0.543) (1.3728)

constant -1671 —0LB85 1077 i 0584 Wk -0.535 1853 o
(03810 {0.728) {0506} {0.284) 1214) 00110

yaar affect ] ] ] 2 ] 2

olbsarvations 145 234 177 %] 185 70

R-squared 0.342 0417 049 0701 0341 0666

Metel: Rebust standard error in parentheses,
Noted- ¥k 3k * indicate that each cosfficient ie statistically significant at 1% 5% and 10% respactively.

Source: Author
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6. Summary

This study focused on funding sources of an institution’s own, internal funding and external
funding, and conducted an empirical analysis on a department level on the effect of each
provider of external funding on research productivity, especially focusing on three academic
fields: engineering, health sciences and economics. The analysis shows that, first, the increase in
the organization’s own, internal funding and external funding per faculty member has a positive
impact on paper productivity in engineering and health sciences, but only the increase in its own,
internal funding positively impacted the paper productivity in economics.

Second, further analysis on the impact of each provider of external funding shows that, in all
academic fields, an increase in research funds from the public sector, which accounts for about
80% of external funding, was positively significant. Most research funds received from the
public sector consist of competitive funds from the national government (primarily the
grant-in-aid for scientific research), and these research funds can be empirically verified to have
contributed to paper productivity.

Third, for engineering and the health sciences, the increase in research funding from the
private sector was verified to have increased paper productivity. Nevertheless, the positive effect
of an increase in research funding from the private sector was non-significant in economics.
Furthermore, the private sector subdivision analysis showed that an increase in research funding
received from firms negatively impacted research productivity in economics. This finding
contrasted with the positive effect research funding accepted from firms had on the productivity
in both engineering and the health sciences. One possible explanation for this disparity is that
the objective of joint research with corporations might be different depending on the academic
field. For example, in economics, their final output might merely provide a policy
recommendation, consulting service, etc. to the partnering firm through research and analysis,
rather than the university’s (or department’s) production of papers.

This paper’s analysis quantitatively suggests that the effect on research output is different for
each academic field, even if the research funding source is the same. Currently, there are some
considerations being made to construct a system that evaluates a university’s performance via
key performance indicators (KPI) to reflect on funding allocations. However, when conducting
a relative evaluation of universities, it is important to pay particular attention to the kinds of
departments in each academic field wherein universities operate, and the scale of each
department.

Lastly, some future challenges should be mentioned. The first challenge is the limitation of
the explanatory variables. We only used a limited quantitative index of the number of papers
that were posted in overseas journals due to constraints on data acquisition. Needless to say, the
outputs of a university’s research activities are diverse, including those that cannot be visualized.
In future studies, it is necessary to develop performance indicators that take qualitative factors
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into consideration at the department level, too.

The second challenge is the difficulty in interpreting the productivity of the humanities and
social sciences. In economics, a field analyzed in this paper, it is relatively common for an
academic paper to be the sole research output among all the liberal arts departments. However,
in the humanities in general, or in law, politics, etc., it would be difficult to conduct an analysis
in the same context as found in this study. Furthermore, in recent years, interdisciplinary and
integrated research has become especially popular. Hence, the papers produced from researchers
within the same academic field, or produced from joint or international studies are expected to
be positioned differently. With the difficulty in interpreting the results, comes a challenge in
analyzing each academic field, too. The third challenge is that although this paper focused on
research funding sources, it is also important to analyze the relationship between the usage of
acquired research funds and the research productivity.
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