Preface

In recent years, science and technology has accomplished rapid and dynamic
development., and the influence which technology has on economy and society is still
larger. In the inside of such a situation, in order to grasp exactly the situation of the
technology activity over which it goes intricately and variably, it is important to equip
the sciecne and technology indicators systematically analyzed based on objective /
gquantitive data.

In this laboratory, since the systematic science and technology indicators were
created for the first time in 1991, it had revised about in every three years and since
the report of a version was collected in 2000 this time, it announces officially.

While it expects that this report is utilized not only for people engaged in science and
technology activity but for people of broad each class, if the opinion of Gentlemen is got,
I will think that it is happy for much more fullness and improvement of a future
science and technology indicators.

Finally, gratitude is deeply expressed in creating this report to the persons concerned
of every direction which obtained great cooperation.

April 2000

Ryou Kimura

Dupty Director General

Science and Technology indicators project team leader
National Institute of Science and Technology Policy
Science and Technology Agency

(This is an English version of the report published in April, 2000.)
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Explnatory Notes

ATl descriptions, figures, tablkes, etc., except for diagram s whose source has been specifically
m entioned, are the w ork of the N ational lnsttute of Science and Technology Policy.

Thform ation sources for mdicators listed below figures and t@bles In this report are defined as
follow s;

Sources: O rigihal source for ndicator daa or orighal providerof dam. Tn this report, figures
and t@bles have been prepared on the basis of data from  these sources; the expressions
“orepared from ” or “oom piled from “ w ill be used when considerable processing of
data hasbeen carried out.

Duplication: Figuresduplicated from otherpublications.

Comm entary on the text ism arked by ' w ithin the text, and the comm entary itself is given Jater in
an appropriate spot.

References are given at the end of the chapter. R eferences are m arked by My ithin the text.

Foryearly data, survey tim es and periods m ay differby country or type of statistics. D istinctions
betw een calendar and fiscal years are not necessarily made in the sam e m anner as 1n the orighal
source but rather expressed n a w ay appropriate for show ing the characteristics of the date and for
htemational com parisons.



Introduction About a Science and Technology

Indicators

The purpose and structure of science and technology indicators creation

Since the National Institute of Science and Technology Policy(NISTEP) published the
"science and technology indicators" report of the 1st edition in 1991, it was scheduled to
publish the 4th edition in this time. The "science and technology indicators" has been
utilized for people who hold concern in internal and external science and technology as
data which grasp science and technology activity of our country quantity-wise and
systematically. On the other hand, the science and technology in the world after
entering in the 1990s is carrying out intense change which was not expected. when the
1st edition is created. Also in our country, while recognition of the importance of a
science and technology indicators increases ignited by formation of the science and
technology organic act in 1995, decision of the science and technology master plan in
1996, etc., various requests are brought near. Based on such a request, its best was
tried to carry out the latest situation of science and technology activity for whether
being dawn in this version.

By the way, only one indicator cannot express the present condition of science and
technology activity. It is because not only the science and technology activity which is
the object of an indicator goes over it intricately variably,but also the range of the
object which has a base supporting it and influence is extensive and also in time, a long
viewpoint is required.

namely, if it is going to express science and technology activity with an indicator, It
is necessary that statistics are collected from the large range and analyze by the time
series. Moreover, it is indispensable also to the comparison with other industrialized
nations in the same situation. If that is right, what statistics should be collected and by
what statistics should compare? If it says about individual statistics, it is required that
a definition is clear, that it is reliable, to be collected serially, for comparison (for
example, international comparison) to be possible, etc. However, just this is
insufficient.

It is necessary to recognize to consist of what element and it is carrying out what
structure in that the present condition of science and technology activity of one country
is grasped.

The system of science and technology indicators was developed for such the purpose.
Since signs that water flows and falls gradually from a top are resembled, it is called



Cascade Sstructure. This structure can compare worth of an individual indicators now,
and choice became possible. Since it has already introduced with the previous version
about the details of this system, it omits here.

Composition of this report

In accordance with a science and technology indicators system, we are collecting and
checking the composition individual indicators of this report. However, if it gets
poisoned by constituting a report, in consideration of the ease of reading etc., it has not
necessarily carried out as the system. The report was made the following composition.

Chapter 1 Overview of Science and Technology Activity in Japan
While main things were introduced out of the indicator shown in detail after Chapter
2, some indicators for synthetic grasp were added and science and technology activity

of Japan was surveyed.

Chapter 2 Education and Human Resources Development for science and technology
International comparison of the present condition of the mathematics and the science
education in a junior high school, ratios of students going on to higher schools such as a
high school and a university, the situation of the desire and entrance seen by the
faculty of a university, the employment situation by the industry after the graduation
from a university, the situation of entrance into a school of higher grade to a graduate

school, etc. were described.

Chapter 3 R/7D Systems and the Public Sector

R&D activities of the advanced major power centering on Japan were shown using the
data of a R&D cost or a R&D human resources. It took up also about the science and
technology relation foundation which has achieved the function as a semi- public sector
for the function and activity situation of a public sector with R&D activities of the

whole country.

Chapter 4 R&D in Universities
The situation was described for the activity as a R&D organization of an university
using the indicator about a research and development cost, a R&D human resources,
etc and added also international comparison.
Chapter 5 R&D in Industry

About the situation of R&D of an industrial sector, the international comparison
which used the data of a research and development cost or a R&D human resources,



and the detailed analysis by industry were described.

Chapter 6 R&D Achievements

The result of R&D of Japan was quantitatively shown using the indicator about a
science and technology paper, a patent, and technical trade including international
comparison.

Chapter 7 Social Contribution of Science and Technology

In order to consider the influence affect economy and society of Japan by science and
technology activity, the indicator related, respectively is introduced about technical
progress and improvement in productivity, the innovation seen from new product
development, and development and its contribution of information communication
technology and life science

Chapter 8 Public Opinion on Science and Technology

The result of the opinion poll about technology is analyzed, and national
consciousness about science and technology at large, and in each field of declaration,
information, and environment.

Chapter 9 Regional Science and Technology Activities

In order to grasp the many-sided science and technology activity in an area, the
indicator about each item of education, research and development, the technology
promotion measure of all prefectures, the result of technology activity, technology
activity and regional economy, a structural change of regional economy, was introduced.

The feature of this report
(1) The first step policy evaluation type from a present condition report type

In creating the "Science and Technology Indicators" of the 1st edition, the purpose of
Science and Technology Indicators was examined and divided roughly and it was
thought that there were three models. They are the "present condition report type"
which reports the present condition of science and technology activity, the "judged
type" which judges situations such as internationalization, and the "policy evaluation
type" by which the effect of a policy is evaluated. Although devoted to the present
condition report type at the beginning, some judged type indicators (for example,
comprehensive science and technology indicator) were developed and added after it.
With this version, one step is further advanced to the policy inclination type. It
specifically examined what indicators were required for policy decision (large



meaning), and each indicator was improved based on it. In this process, the person in

charge of indicators development did participating in the workgroup which works on a

policy etc., and bore the role of mediation of indicators development and policy

decision.

O In order to grasp many subjects for policy decision more correctly, various indicators
are required and it is actually used. However, since the room of much more
improvement was in the practical use method, it tried to described the point which
it should be careful of in case data as in detail as possible, and show the indicators
for performing a suitable argument. For example, science and mathematics
detached building of youth, shortage of a researcher supporter, appropriateness of
the required level of a basic research cost and a public burden rate, burden
structure of the R&D capital of a university etc.

0 By international comparison, it turned out that the indicators which show the
problem and weak point of science and technology of Japan were important, and
efforts were paid to fullness of the indicators of international comparison, and the
improvement in suitable nature.

O In the NISTP, the trend of the science and technology policy of an overseas major
power was investigated, the result was taken in, and the indicators used in each
country was enriched.

(2) Addition of a new indicators
The new indicators were added, taking into consideration the science and

technology indicators system introduced previously. An aggressive trial is also in

inside and we want to decide worth of indicators such them by accumulating research
further from now on.

O Chapter 9 Regional Science and technology activities was reformed extensively. The
most is based on original investigation of the NISTP. Since there were little existing
statistics about science and technology activity of area, we added many indicators
by original investigation, and developed the new indicators.

O In Chapter 7 Social Contribution Science and Technology, while the relation of the
science and technology and improvement productivity was shown,we tried
development of the indicators about the innovation seen from new product
development. This indicators are completely not only new, but it is thought possible
to compare from now on.

(3) Fullness of the existing indicators

Various knowledge was acquired by accumulation of the R&D about the indicators



after the 1st edition. Based on them, the existing indicators were improved and it was

substantial.

O It was made as clear about the limit of the statistics about science and technology,
important matter, and also shortage of further statistics as possible. Although the
recognition to the importance of science and technology statistics is increasing,
statistical fullness has not caught up. It expects that this report is useful to these
problems.

O The indicators which show development of the globalization which was the
remarkable feature of the latest science and technology was enriched. For example,
patent international application, international comparison of technical trade, etc.

O About the comprehensive indicators, each data was improved in detail, continuing
the method to last time, and improvement in reliability or validity was aimed at.

In addition, it tried to make an interpretation of indicators exact hard. Moreover, It
regarded so that it might become a plain description as possible. We think that we
want to publicize also generally widely in addition to people engaged in a science and
technology policy, and the report of Science and Technology Indicators is carried to the
homepage of the NISTP. Moreover, since there are strong needs also internationally,
while it translates immediately and it publishes, it is due to carry to the homepage of
the NISTEP. Finally, in order to make it the reference at the time of improving
Science and Technology Indicators, we want to expect the opinion which does not have
the reserve of the broad persons concerned to this report.

Fujio Niwa



Chapterl

O verview of Science and Technology A ctivitbes in

Japan

11 R&D Expendiures

) R&D Expendinres forJapan as aW hok
The nvestm ent of funds into science and
technology has come to t@ke on nncreased
Importance In the majprity of countres
thmoughout the world as a drving force In
stim ulating econom ic grow th, securing em -
ploym ent and overcom Ing social problem s.
O fthis nvesm ent, R& D expenditures are an
nvestm ent to generate new science and tech-
nology, and that data is vital In asceraining
trends in the w ordd s science and technology'.
As a rault, R&D expenditures will be the
first topic dealt wih. Tt needs w©

be stressed, how ever;, thatR & D expenditires
are only one part of nvesm ent In science
and technology, and are no m ore than an In-
dicator of one agpect of science and technol-

€ T Jspan, the U S., Gem any, France and
theU K ., In the early 1990s the rate of In-
crease M R&D expenditures stagnated
from the 1980s. Upon entering the late
1990s, however, R&D expenditures in
Japan and the U S. have creased m ark-
edly oncem ore.
The total amount of R&D expenditires
was 16 1399 tdllion yen in FY 1998, the

Fgure 1-1-1 Trends 11 gross dom estic R &D expendiures 1 sekcted countries Nom halvValie
NNom halvalie:0 CED Purxchasig PowerParty Cakubtons)

(I'dllion Yen)
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Notes:Data foreach country hclide naturalscence and hum antes/kochlscence. thi orsubsquents ones sectbnl-1 and 12 same)
Data forGem any & an ol federmlarea tll1990.Aboutotherdetails ofeach country, i referrng to the note of fgure 3-1-1 and appendix

@bk 3-1-1.

Sources:Japan - The m anagem entand C oordihaton Agency, Statistis Bureau, 'R eporton the Survey ofR esearch and D evelbpm ent”
U S .- NSF, WatbnalPattems ofR &D Resouwes” (each yearedibn)
Gem any - BM BF, ‘BundesbertchtForschung 1996”, ‘Faktenberidht1998”
France - Etatde k recherche, etdu dévebpm enttechnobgijue, ‘Poftde bide fnances”, 0ECD, ‘M ah S&T hdtaors

1999 2" (from 1993 valie)

U K.-OECD,Man S&T hdtrators 19992”, ‘Bast Scence and Technobgy S tatists 1996”
Purchashg PowerParty - OECD, ‘Mah S&T hdiators 1999 2", 'WatbnalAccounts, 1999”
(h this chapter, the above sources used the abbrevated nam e of ‘The R&D Statstics ofeach country” )

See:fgure 3-1-1 and appendx @bk 3-1-1



Chapterl O verwew ofSciEnce and Technobgy Actiites h Japan

fourth consecutive Increase continuing on
from FY 1995 to FY 1998. A gainst the back-
ground of the continuing econom ic recession,
this increase can be attrbuted m ainly to the
susained R& D expendituires by industyy and
the Increase In the governm ents science and
technology-related budgets Figure 1-1-1).

€ R&D expendires as a percentage of
gross dom estic product GDP) fell n the
three Eurmopean countries fiom the late
1990s, whik these figures increased for
Japan and the U S., indicating a diver
gence of values between countries. Ja-
pank figures have ram ained the highest
of the five countries snce 1989. In the
late 1990s, R&D mvesment was sus-
tamned despite the shiggishness of GDP,
which meant that the perentage -
creased. The figure of 3 26% forFY 1998
wasanew record Figure 1-1-2).

Fhure 1-1-2 Trends 1 mto ofgross
dom estic R &D expendiures h sekcted
countres.

Pewent
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197274 76 78 80 82 84 86 8 90 92 94 96 981999

Soure:The R&D statstics ofeach country
See:fgure 3-1-2 and appendi tabk 3-1-2

€ W hile Gem any, France and the U K .did
not record conspicuous ncreases MR & D
expenditires, quantitative expansion is
evident In temm s of several output aspects
of R&D. In the background t© these
changes are the advances -n R&D made

*

n the 1990s under the fiam ew ork of the
EU (seeChapterl, Secton 5).

Comparing R&D expenditures by nature
reakdown of R& D expenditures by ba-
sic research, applied research, and devel-
opm ent) , apart from Japan s percentage of
bagic research exceeding thatof the U S.
n 1995, this figure has consantly r=-
mained at the bottom of the four coun-
trdes. Additonally, the perentage of
R&D expenditures devoted to basic re-
gearch In the U S. is ower than that of
Gemany and France. The fact that the
percentage of R&D expendiures ac-
counted for by bagic research n Japan
and U S. is affected by the high percent-
age of R&D expenditures of the ndus-
trial sector Figure 1-1-3).

Fgure 1-1-3 Trends 11 R&D expendiures
11 sekcted countres by chamcterstic of
work

Bast Appled

Japan Researxch Research D evelbpm ent

Us.

1998

G em any

France

1991 T

1993

222 296 K 482

0% 50% 100%
R&D Expendilires by Chamcteristc of W ork

Note:Ther i no difference between appled research and
devebpm entresearch h Gem any. otherdetais see fgure
323)

Source:The R&D statistics ofeach country

See:fgure 323 and appendx @bk 323



*

Ratb to GDP

@) Governm ent ivestm entand Policy

Comparng science and technology ex-
pendiires as a percentage of GDP In
the five selected countries, Japan is a low
Tevel wihin the selected countries, but
since the late 1980s Japan is the only
country to be increasing. The decreases
n the U S., Gemany, Fance, and the
U K. Indicate their contractions 1 de-
fense-related science and technology ex-
penditire and the changes in the ol of
govermentihR&D Figurel-14).

Fgure 1-14 Trends 11 mto of
govemm entalS&T budgetto GDP 1
sekcted countries

.....

~_ .
~—_____ US.
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08 [ UK.

0.78 Japan
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Note:0 therdetails ofeach country see fgure 3-3-3 and appendx
wbk 333

Sourwre: Scence and TechnobgyAgency Data

See:fgure 335 and appendi tabk 335

Changes 1n the role of govermm ent in the
R&D system are evident in the 211 In the
percentage of the govermm ents share of
R&D expendiures I the U S., Fmance,
and the U K . That is to say, shce 1981,
the perentage of R&D expenditires
shouldered by the govemm ent In these
countres has been falling, and the &1l n
the U S. has been particularly marked.
How ever, Japan is consistently ata low er
percentage than these countrdes, w ith the
percentage shouldered by the governm ent
In 1998 being 21.7% . W hile there have
been no great changes t© the percentage

Ratb ofR &D Expendiure Sourwe

T Japan over the long tem , the percent-
age In the 1990s is som ew hat higher than
thatof the late 1980s Figurr 1-1-5).

Fgure 1-1-5 Trends 11 .atb ofR&D
expendiures sources by govemm ent
sekcted countres

IS} w
o =)
]
/
{
/
g /
k] ’
g
El

-
o

1981 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 1999

Note:The R&D statstics ofeach country
Source: fgure 3-3-1 and appendix tabk 3-3-1

€ Jpanbs “Science and Technology Basic

Pln” @pproved by the Cabiet I July
1996) the need t© have a to@al govem-
m ent science and technology expenditure
from FY1996 to FY 2000 of approxi-
mately 17 tdllion yen is clearly stated.
Totaling up the govemm ents actual sci-
ence and tedhnology expendifire over
this five-year period, a figure of 171763
tdllion is reached, Indicating that the tar
get is Ikely to be reached Figure1-1-6).
Under the Science and Technology Basic
Plan, the percentage of the total occupied
by competitive fimding is gradually In-
creasing .

Th m ost countries, not only central gov-
emment, but alo lcal govemment
are in portant providers of public R&D

finds. Th FY1997 in Japan, the total
am ount of science and technology budg-
ets curmed by prefectures and
sem I-autonom ous cites w as 862 3 billion
yen, equivalent o 28.7% of the cental



Chapterl O verwew ofSciEnce and Technobgy Actiites h Japan
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@) Universiy R&D

*

govemm ents science and technology Fyure 1-1-7 Trends hh R&D expendiures

budgets 3.0026 trillion yen in the same h unversites/toleges h sekcted

year) . The lage part of science and tech- countres

nology budgets by prefectures and fellon ven)

sem i-autonom ous citbes is accounted for

by expenditires relating to public experi- . *o US

mental and research nstdtutions @6% of g

the total) and expenditures relating to sci- & , g Japan

ence higher education nsttutions (35% Z

of the toal). See Chapter 3, Section 3. :

For regional science and technology ac- N T

tivites see Chapter9 ) N e
1970 71 73 75 77 79 81 83 85 87 89 91 93 95 97 1999

FQUIE 1-1-6 Trends 1 the S&T budgetj:l Soure:The R &D statistics ofeach country

. R See:fgure 4-1-1 and appendi tabk 4-1-1
the S&T bast phn 1 Japan

€ 1 noteworthy feature of the R& D expen-

Revised

e Budget, etc. ditures incurred by Japan s university sec-

g 7 37403 tor com pared to those of other countries

- s00cs e — is that the portion of expendinres shoul-
dered by the universities them selves is

s high at90% (Y 1998).0n the otherhand,

of the am ountofR& D expenditiresused,
. finding received fiom outside the uni-
et ToEE . T mopst” versities amounted to 3391 billion yen
= (FY 1998). The perentage of R&D ex-
9 . , penditures received from extemal sources

Note:Com petidve capialshowed the am ountofm oney (vertcal , , . , .
axis) by the poygonallne, and disphyed h the parenthesis that is pIOV:d-ed by mdustty s decreaszlng

the mte orwhih taccounts o the whok. ki the proposal jn. Ia:en.tyeals (Figule 1-1 _8)
genemlhviaton ofa scence research costsubsdy M histy

1996 1997 1998 1999 2000

ofEducatbn), technobgy prom oton adjistm entexpense
(Scence and Technobgy Agency), a welare scence wesearch F :gu]:e 1-1-8 Trends n breakdown ofR &D
costsubsfiy M hstry ofHealh andT{v e]fa}e),l fins paii outzte h Japan
earth-envionm entresearch synthesi prom otbn expense

Envionm entAgency), the new basi research prom oton

system (each m histry agency) by the specihlpublc 100%
cowpomton, and om sttechnialdevebpm entwhih was

m ade hto com petive capialhere.

INIRIIRININ

From Private Cormpomton

Source: Scence and Technobgy Agency Data
See: fgure 3-3-7 and appendi tabk 3-3-7
60%

From Govemm ent
fexchide nstiutbnalfinds Prnatbonaluniersies/coleges)

Each of the sslected countries places em -
phasis on the amount of R&D expendi-
tures used by the university sector. R&D

20%

expendiures ncuned by Japanese uni- ox
- . 1980 82 84 86 88 90 92 94 96 1998
versites and o0 forth n FY 1998 wer o »
—_— . Soure:M anagem entand C ooxdhaton Agency, Statstcs Bureau,
32229 trillion yen, e(IllJVaJEﬂt to 20% of 'R eporton the Suwey ofR esearch and D eve bpm ent”
R&D expendiires ncuned throughout See:fgue 422 and appendi &bk 422

Japan Figure 1-1-7).
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@) hdustry
€ The dustrial sector is the Jargest sector

R&D Expendiures

n tem s of both ncurrng and fimding
R&D expenditires In the m ajor ndustr-
alized countries. Th Japan In particular,
the weight occupied by the industrial
sectorishigh, as isthe case In the U S.
The R&D expenditires of Japans -
dustrial sector were 10 8001 trillion yen
I FY 1998, accounting for some 66 9%

of the nations R&D expendinires (see
Chapter3, Section 1).

R&D expenditires n ndustyy of the five
m ajor ndustrialized countries, ncliding
Japan, after ncreasing in the 1980s, stag-
nated m the early 1990s. In the subse-
quent period, Japans R& D expenditires
Tncreased once more from the late 1990s.
R&D expenditures n the U S. have also
Increased dram atically n the late 1990s

Fiogure1-1-9).

Fgure 1-1-9 Trends 11 hdustralR &D

expendiure n sekcted countres
(dlion Yen)

35 1

Us.
30 g
25
20
15 //

Japan
10 -

5 | Gemany  ppnce

0
1970 71 73 75 77 79 81 83 85 87 89 91 93 95 97 1999

Source:The R&D statistcs ofeach country.
See:fgure 5-1-1 and appendi tabk 5-1-1

Comparing R&D expenditures n indus-
try of the selected countries for the m ajor
ndustries, In “electrical com m unication
nstum ent and m achinery” industry Ja-
pansR&D expendiuresare 60% of those
of the U S. on a purchasing pow er paxity
basis, but there is a great difference be-
tween Japan and the U S. In the “preci-

sion nstument” industry. T addition,
Japans R& D expenditures n the “aero-
goace” ndustry are exttem ely low w ithin
the m ajor ndustralized countrdes. In the
"m otor vehicles” industry Japan'’s R&D

expendiures are higher than those of
Gem any, France and the U K ., but are
only 56% of those of the U S. In the
“pharm aceuticals” industry the difference
betw een Japan and the U S. is great, but
Japan s expenditires sl exceed those of
othercountries Figure 1-1-10).

Fgure 1-1-10 M apridustralR &D

expendiure nh sekcted countres

fm aprihdustres:purchasihg power
party)

. . . . . . .
Japan ! !

Elctrica us.'
T T T T .

. . . . .

Comm uniatbn)
Gem any

Thsttum ent/}
M achiery Fmnce
UK.

Preckbn|
M achhery

MotorVehiks|

Aerspace

Pham aceutcak

0 1 2 3 4 5 6 7
R&D Expendiure  (xdllon Yen)

Notes:1) O ther hdustres are nclided 1 ‘The ekctrcal
comm untaton hstmm ents and m achhery” ofJapan and the
U S.and ‘the motorvehtkes"ntheU S..
2) Stce the valie by hdustry was unknown, ‘aerospace” of
Japan added up the research and devebpm entcostaboutthe
aiphne 1 ‘machihe hdustres ortansporaton otherthan
the m otorvehikes”

Source:0ECD, ‘Basi Science and Technobgy S tatistics 1998”

See:fgure 5-1-3, appendx tabk 5-1-3



Chapterl O verwew ofSciEnce and Technobgy Actiites 1 Japan

NumberofR&D ScEkntsts & Engheers

12 Scince and Technology
Hum an Resources and their
Developm ent

Japan had some 733,000 R&D scientists
and engneers 1n 1999, which in temm s of
population is a high level com pared w ith
other countries on the word stage. O ver
the past 30 years, this number has -
creased I an almost staight lne due
manly t© an crease In the num ber of
R& D scientsts and engineers In ndustyy.
The overallof num bers of R& D scientists
and engineers in each of the other ndus-
tralized countres is also basically in-
creasing. There are differences by coun-
try In the statistical data conceming R & D

scientists and engineers, and a varety of
different conditons must be t&ken nto
acoount w hen m aking com parisons Fig-
ure 12-1).

Fgure 12-1 Trends © num berofR &D
scentists and engheers h sekcted
countres

(10,000 persons)

100

% -

80 /’/ Japan 73 3
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>
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Gemany 231

N
5}
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Source:The R&D statistics ofeach country
See:fgure 3-1-3 and appendx @bk 3-1-3

€@ Taking a ook at a breskdown of Japan s
R&D scientsts and engineers (733,000)
by specily and by sector, a large per-
centage of R& D scientsts and engineers
are In “electrical and comm unications”
and “machinery, shipbuilding, and aero-

12

nautics” and other engheering sectors.
The m ajority of thesee R& D scientists and
engineers belong to the ndustrial sector.
"M edicine and dentistry” follow s these
sectors, w ith the majority of R& D scien-
tsts and enghneers in these areas affili-
ated w ith universities and so forth. The
majprity of R& D scientists and engmeers
engaged 1n the “hum an, culual and so-
cial sciences” are also affiliated w ith uni-
vergites Figure1-2-2).

Fgure 122 NumberofR &D scentsts

and engieers by specialy and sectorn
Japan (1999)
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- )
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Textile

L Other Engineering

Agriculture & Forestry,
Veterinary & Zootechnics

Agriculture Fisheries
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Others

Source:M anagem entand C oordhatbn Agency, S tatistcs Bureau,
'R eporton the Surey ofR esearch and D evebpm ent”
See:fgure 325 and appendi tabk 325



€ The human rsources responsble for

Number of Research Support Workers per R&D Scientist/Engineer

12 7

107
099

10 r

08 r

06 1

04 037

02

00

R&D activites are not Iim ited t© R&D
scientists and engineers, how ever. Tech-
nicians and research clerical coordnators
also play an in porant mwle. Looking at
these research support saff per researcher,
Japan s figures are low on an htema-
tional bagis. This percentage is also f&l-
Ing astheyearsgo by Figure 12-3).

Fgure 12-3 Num berofR esearch Support

workers perR &D scentists and engheers
1 sekected countries

(Persons)

100
UK.
1993

France
1996

Japan
1999

Gemany
1995

Soure:The R&D statstics ofeach country
See: fgure 32-6 and appendi tabk 32-6

€ T Japan, n an effort to prom ote the de-

velopm ent and expansion of young R & D

SCcientists and engmeers, the “Plan for
10,000m an Support for PostD octorates”
has been promoted since FY 1995. This
pln atempts to provide some 10,000
post doctorate students wih the op-
poruniy to engage in research activites
T national research nsttutions and uni-
versities by FY 2000. The pln has pro-
m oted an expansion in support fora vari-
ety of post doctorates by govermm ent
m nistdes and agencies. In fact, FY 1999
Saw support m easures adopted for som e
10,231 postdoctomates including those n
the supplem entary budget, increasing dia-

13

matcally to a figure 26 tines grater
than thatof FY 1995 Figure124).

Fhur 124 Trends 1 num berof
researchers supported by pbn or10
thousand postdoctomrmlrsearchers

(Persons)

12,000 Ministry of Intemational

10,59 / Trade and Industry

. Miistry of Agriculure,
\Forestry & Fisheries

Ministry of

Health & welfare

10,000

8,165

8,000 S&T Agency

—|
.Y

6,000

Num berofSupported R esearchers
£
=
3

M histry of Educatbn

2,000

2000 FY

1995

199 1997 1998 1999

Note:Each fiscalyearshow s the budgetm easure num ber, and a
partora suppkem entary budget s hclided.

Source: Scence and Technobgy Agency data

See:fgure 3-2-8 and appendi tabk 3-2-8

Canying out an ntemational com parison
on the developm ent of hum an resources
regoonsble for advanced science and
technology activiies incluiding R&D ac-
cording to the number of people who
have ocbtained doctorates, Gem any has
the largest num ber of people wih 279
doctorates per 1 m illion head of popula-
tion, followed by the U K. (174), and the
U S. (170). Japan’s figure of 111 is only
approxin ately 40% of that of Gem any,
and justover60% ofthatofthe U S.and
theU K. Fgure 1-2-5).

C om paring the breakdown of people w ith
doctorates by majpr, the U S. has a high
percentage In art and the hum anites, UK
has a high perentage in science, and
G em any has a high percentage 1n m edi-
cine. Tn Japan, the percentage of doctor-
ates In engheering and m edicne I par-
tecularare higher than in other countries.



Chapterl O verwew ofSciEnce and Technobgy Actiites h Japan

€ Looking at the developm entof hum an re-
sources regponsible for science and tech-
nology activites from the num berof aca-
demics entering university facultdes,
overall the figure of 333,000 in 1970 has
hcreased t© 590,000 In 1998, a factor of
around 1 8. W ihin these figures, entrdes
nto the social sciences ncreased by a
factor of around 1.7, while entries nto
engneering ncreaged by 1 6, which were
Increases of a sin ilar m agnitude. On the
other hand, entries into science ncreased
by approxmately 2.0, humanites by
around 25, and health by around 4 3,
which were rhtvely larger increases.
O verall, how ever, laxge changes w ere not
evident In the percentage com position by
main facultbes (see Chapter2).

Fhure 125 htemationalcom parison of
the num berofdoctorates conferned

Num berofdoctomtes conferred

200 fperm iibn 1 populton)

0 thers

250
Medihe

200

Agrtulue
150 - Engneern

—

Scknce
100

50 Law and

T s Economics
- Humanmes-
0

Us.
FY1995

UK.
FY1996

Russh
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Japan
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Gemany
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Note:Tabk show htematbnalcom parison ofnum berof
doctorate confened n each year.

Soure:M nstry of Educaton, "htematbnalCom parison of
Educaton hdiators”

See:fgure 253 and appendi tabk 252
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The num ber of pecple hopng t© be adm i
ted ®© university, which acts as key dat@a
when discussing hum an resources develop-
ment In universites, reflects the Inpact of
the social situation. Com paring the t@al
num ber of people hoping t© be adm ited to
university (otal num ber of applications sub-
m itted to universities by people want-
ng to enter university) according to sci-
encefechnology and econom ics, in the 1970s
and from the late 1980s to the early 1990s
the num ber of science and technology appli-
cants fell or ncreased slightly. Th contiast,
the num ber of econom ics applicants has In-
creased, and there are fears that there w il be
amovem entaw ay fiom science and technol-
ogy. The late 1990s saw a m arked reduction
In econom ics gpplicants, but the percentage
of science and technology applicants has flat-
tened out Figure 12-6).



Fgur 12-6 Trends 11 num berofapplicants foradm sion and com petidreness
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See:fgure 2-3-1 and appendi tabk 2-3-1
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Chapterl O verwew ofSciEnce and Technobgy Activites h Japan

1 3 The Public and Science and
Technology

€ 2 ccording to results of a survey m aking

an intemational com parison of the level
of education achieved In m athem atics and
science n elementary and junior high
school, Japan boasts extrem ely high aver-
age scores, w hile on the other hand there
is also a strong tendency t© dislke m athe-
m atics and science.

Th the soores form athem atics 1 2™ grade
of junior high school, Singapore ranked
highestw ith 643 pomnts, follow ed by Ko-
r=a, Japan (605 points) and Hong Kong,
w hich allhad sin ilar levels.

On the other hand, making an ntema-
tional com parison of the lkeAislike of
m athem atics, a particularly high percent-
age of Japanese students dislke m athe-
m atics. That is to say, looking at the 1=

soonses about the degree of lkeAislike
of mathem atics (regponse from four
choices), the Intemational average per-
centage of regponses indicating a lke a
ot for mathem atdcs is 19% , while 49%
of students lke mathematics @iving a
com bined total of 68% ), Indicating that
m athem atics is lked I the majprty of
countres. I Japan, how ever, only 10%
of sudents lke a Jotm athem atics, while
43% of students ke m athem atics giving
at@alof 53% ), which is the second Iow -
est result above Czech Republic Figurs
13-1).

Furthemm ore, Japanese students do not
find mathematics enpyable, and they
have a low perception thatm athem atics is
Inporant for their daily lives. Ther is
aleo a ow consciousness of people w ant-
ng to do w ork thatusesm athem atics.

Fgure 13-1 htematbnalcom parison ofrehtonshp between studentattiude towaxd

m athem atics and sores
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Soure:M hitry of Educatbn, Natbnalhstihute orEducatbnalR esearch, “htematbnalC om parson ofM athem atics and ScEnce Educatbn

JunbrH gh Schook”, M arch 1997
See:fgure 2-1-1 and appendi tabk 2-1-1
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€ W ith regard t© science, too, almost the

sam e trend as m athem atics is evident. Tn
Japan, while the average soore is ex-
trem ely high, as is the case w ith m athe-
m atics, a large num ber of students have a
strong dislke forthe subject.

The score for science n 2™ grade jmir
high school is highest in Singapore (607
points), follow ed by C zech Republic, Ja-
pan, Korea, Bulgaria, Netherlands w ith

no statistical difference w ithin this group) .

Locking at the other selected countres,

the UK. the U S. and Gemany all re-
corded avermge soores, wih Frances
soore below average.

A sking students about their lkeAislike
for science, on average some 73% of re-
goonses Indicated a lke a lot or ke for
the subject, ndicating that students I
most countries lke science. The same
figure for Japan w as 56% , how ever, plac-
Ing Japan at the lowest level Figure
1-3-2).

Fhure 13-2 htematonalcom parison of rehtionshp between students attiude towards

scEence and scores
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Soure:M hiktry of Educaton, Natbnalhstiute orEducatonalR esearch, ‘htematbnalCom parson ofM athem atics and Scince Educaton

JunbrH gh Schook”, M arch 1997
See:fgure 2-1-2 and appendi abk 2-1-2
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Chapterl O verwew ofSciEnce and Technobgy Activites h Japan

€ I response o the question w hether peo-
plk arr nterested In new s and topics of
conversation about science and technol-
ogy, a 1998 survey Indicated that some
581% of peopk are nterested (otal of
"nterested" and "m oderately nterested"),
rEpresenting m ore than half of the popu-
laton.
Locoking at the results by s=x, the per-
centage of m ales who Indicate an Interest

is higher, while for females the per-
centage who nndicate not nterest is
higher. Additonally, the percentage of
people who Indicated an nterest is higher
for males aged 30 and older; whilke the
percentage of people who ndicated not
nterest is higher for fem ales aged be-
tween 18 and 29, In their30s and over 60
Figure 1-33).

Fgure 133 hteresth nfom aton aboutscence and technobgy

Don tknow
Sampk ske)| mtersted *1) M odemtel hterested Neiher Poorly Nothterested (*2&
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2) I the hvestaton canred outhh M arch 1987, Ewas ‘hothterested alall.

3) I the nvesthaton caned outhh M arxch 1987, ‘heiher” and don'tknow ” were ‘neitherdontknow ” com bhed
Source:Prine M hiiter’s O fice, Publc Rehtons O fice, ‘Publc O phn Pollon the Future ofScence and Technobgy”

See:fgure 8-1-1 and appendi tabk 8-1-1
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Fhur 134 Publc assessm ents ofprogress of scence and technobgy
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See:fgure 8-1-3 and appendi tabk 8-1-3

W ih regard to the developm ent of sci-
ence and technology, In response to the
question w hether advantages or disadvan-
tages w ere greater overall, a 1998 survey
ndicated that 577% of regpondents
thought there w ere m any advantages (-
a2l of "m any advantages" and "som e ad-
vantages"), accounting form ore than half
of resopondents. On the otherhand, some
10.7% of the population thought there
w ere m any disadvantages, w ith 26 8% of
regpondents answ ering that advantages
and disadvantages were about the same
Figure1-34).

Comparing these results w ith those of a
survey carried out In 1995, the percentage
of respondents who thought that the ad-
vantages and disadvantages were about
equal has fallen, indicating a trend of po-
larzation of thinking.
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Chapterl O verwew ofSciEnce and Technobgy Actwites h Japan

1 4 Science and Technology and
Econom y and Society

Science and tedhnology activites have a
variety of impacts on the economy and soci-
ety, and conversely, the progress of science
and tedhnology is affected by social and eco-
nom ic conditons. Such a m utual relationship
is both com plex and w de-1anging, but here
we will deal w ith the recent advances n in-
fom ation technology and the life sciences,
and indicators of the im pact that technologi-
cal advances have on econom ic grow th.

€ The tine required for m ajpr telecomm u-
nications m edia to achieve m arket pene-
tration of 10% In Japan was 76 years for
the telephone, but this has becom e shorter
w ith cellular phones and carphones only
taking 15 years, and personal com puters
teking 13 years, while the Intemet only
took 5 years. There is a cleartendency for
the tim e rquired for m arket penetration
of new technology to become shorter
Figure14-1).

Fgur 14-1 Tin e rrquird to rrach 10%
penetatbon rmte 1 Japan by meda

Telephone |76
Ratio paging [T 24
Facsimile :19
Cellular phone [ ]15
Sord [
Internet DS
‘ ‘ w 1 Year
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Source:M nstry of Posts and Tekcom m uniatons ed., ‘W hie
Paperon Telkcom m uniatons”FY 1999 Edibn)
See:fgure 7-3-6 and appendx @bk 736

€ Comparing the market penetation of

Percent
90

penetratbn mtes
[
S S5 o

Househod
N}
S

telecom m unications equiom ent in Japan
w ith thatof the U S ., the housshold pene-
tation mte of personal computers is
500% , comparrd t© 326% 1 Japan.
There is also a great divergence betw een
Japan and the U S. In tem s of the Inter-
net housshold penetration mte and the
percentage of schools connected to the
Intemet. On the otherhand, how ever, Ja-
pan boasts higher individualm arket pene-
tration mates for cellular phones and car
phones Figure14-2).

Fhure 142 Penetraton of
hio-com m unicatbns equipm entand
sewies h Japan and the U S.

W Japan Ous.

Celukrtar Satelie Cabk TV PC htemet htemetn
phone bmadcasthg schook

Soure:M histry of Posts and Tekcom m uniatons ed., W hie
Paperon Telkcom m uniatbns” Y1999 Edibn)
See:fgure 7-3-7 and appendx @bk 7-3-7

The recent advances In the life sciences
are indicated by patent dat@. Taking a
Iook at trends In the num ber of patent ap-
plications conceming genetic engineering
In Japan, the 131 applications n 1980 in-
creased drmatically i the follow g
years to 1,724 gpplications n 1993.

Looking at the source of these applica-
tions, the num ber of applications by for-
eigners has congisently exceeded the
mmber made by Japanese nationals.
Som e 60% of these applications orighate



14

I the U S., which is much higher than
Gemany (9% ) In second place and the
othercountries Figure14-3).

Fgure 14 -3 Num berofpatentapplcatons
11 Bibgenetics by country
@s ofM ar.,1999)
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Note:The patentforwhih tappled by the htematonal
applratbn system based on a patentcoopemtion treaty has
dehy oftin e 1h an offtrhlannouncem enti Japan, and thas
decreased seem gl 1995.

Source: PatentO fiice Hom epage

See:fgure 74-5 and appendi tabk 745

Th oderto galn a clearpicture of the in -
pact that science and technology has on
econom ic growth, attempts arr being
made t© measure inprovem ents mn pro-
ductivity (the production output per in-
vesm ent factor In production activities).
The typical ndicatorof such productivity,
total factor productivity, is the totaladded
value per unit of the toal production in-
vestm ent factors (Bbor and capial) . This
dicator indicates the efficiency of pro-
duction of a nation, so the 1ate of grow th
n such productivity is regarded as 1e-
flecting technological progress.

Taking a look at trends 1n the total factor
productivity index (value achieved by di-
viding the ol factor productivity of
each yearby the value forFY 1990) 1 the

21

five selected oountdes(l), while there are
slight fluctuations, the cbservation can be
m ade that the Index is generally m oving
upw ards. This Indicates that during this
period all of the five selected countries
have experienced susaned technological
progress.

Fogur 144 Trends 1 olfiacor
productizity hdex i sekcted countres

11

Japan

Tdex of TotalFactor P rodideei 101

o7 L e e
197879 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 1997

Source:0 ECD htematbnalSectomlD atabase FY1998)
See:fgure 7-13 and appendi tabk 7-1-3

Looking at the changes over tine by
country, Japan recorded consisent up-
ward m ovem entuntil 1999, but 1992 fig-
ures w ere Iow er than 1990 figures, and n

subsequentyearsno realgansw ere m ade.
The Index In the U K . peaked In 1988,
and In the follow Ing years it dropped off.
In conttast, n the U S., France and Ger-
many, while slight fluctuations were 1e-
corded, they contihued to record in-
provem ents In 1990 and beyond. France,

In partdcular, mproved by 7% In 1997

com pared to 1990 figures.

Taking a look at the average annual
gowth e h el facr productvity,

Y \G em an b ol factorproductivity ndex” isthe "W estG em an
total factor productivity index ”
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regarded as reflecting technological pro-
gress, over the whole period (1978 to
1997), Fmnce rwoorded the highest
grow th rate at 1 47% , follow ed by Japan
wih 129% , then Gemany (115% ), the
UK. (100%) and the US. (062%).
Looking at the average grow th m&ates by
dividing the observation period nto the
1980s and the 1990s, 1 the 1980s Japan
had the highest grow th rate @ .00% ), fol-
owed by France (189% ) and the UK.
1 46% ). In the 1990s, how ever, average
grow th 1ates slow ed In all countries, and
the stagnation w as particularly m arked n
Japan and the U K ..

€ T today ks siuation w here the creation of
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new Industry is an inporant issue faced
by Japan, i is exttemely inportant to
gain a clearpictre of the sate of venture
com panies. Taking a Jook at the results of

a questionnaire survey about Japan s ven-
ture companies caried out by the Na-
tional msttite of Science and Technol-
ogy Policy, m any venture com panies that
took part n the survey were esabliched
n 1970 or later, but there w ere also a lar-
ge num berw hich w ere established before
that, giving a w de-ranging distribution.
As a rcent trend, however, therr has
been a m arked Increase in the num ber of
new oompanies where management is
sriving tow ards a listing on the stock ex-
change, and the creation of R & D -oriented
companies (companies where R&D ac-
ocounts for at least 10% of sales) is also
progressing  gradually. W hile Japans
venture com panies are offen refered to as
being n a shmp, In this way ther ar
som e agpects for which expectations can
beheld Figurrl4-5) Reference [9]).

Fgure 14 -5 D strbuton ofthe yearofestablishm entofthe venture com pankes

—@— |PO-oriented
—&— Except IPO- oriented

— P Oo¥mnom B1 (PO -orented)
= = = PoO¥nomBlExceptIPO)

[\Ele-rre-f-fe-fee | 2
TR Sy, =
AT

! i

rl

Note: 'IPO -orented” m eans com panes whose m anagem enteplied thatthey were ‘striving towaxds himlPublc O fering (PO )”
Source: Scence and Technobgy Agency, Natonal hstiute of S ckence and Technobgy Polry, 'R esearch hito Japan's

Venture Com panks and Founders” NISTEP ReportNo 61)
M arch 1999)
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15 Perform ance ofScince and
Technology

Recently fears have been goreading
about a drop In Japan s ntemational com -
petiiveness. A though there have been sev-
eral efforts to evaluate the com petitiveness
of the countries of the world, few attem pts
have been m ade to m ake a com prehensive
assesam ent of science and technology. Tn
the section below , we w ill therefore ntro-
duce the indicators appearing in this r=port
that concem the perform ance of science
and technology, In order to contrbute to
the mview of the oompettveness of
Japan s science and technology'.

€ 1 representative attem pt to assess
the oompetidveness of oountres
throughout the world is the ‘W orld
Com petitiveness R eport’ published an-
nually by MD (Insgdute for M anage-
ment Development), a Sw iss business
school and suwvey owmganization. A c-
cording to this 1eport, Japank htema-
tonal com petitiveness w as ranked 3%
the world In the 1994 editon, after
which it has fallen o a mnk of 16™ 1
the wordd in the 1999 edition. This sur-
vey is an attem ptto m ake a com parison
of conditions for companies and or-
ganizations to engage In actvites. A 1-
though i may not necessarily be de-
scrbed as an Indicator of the com -
petitiveness of a country on the whole,
is assessment is that Japanks com -
petitiveness fell n the Jate 1990s Fig-
urel-5-1).

23

Rankhg

Fgure 15-1 Trends 11 com petidveness
accordig to ‘The world com petitiveness
yearbook” 1 sekcted country

1994 1995 1996 1997 1998 1999

1
[, i i i i |

UsS.

r Gem an
10 ¢ Y

UK

16 Japan

20

France

25 L

Sourwe: MD, ‘The W or C om petiizeness Yearbook” each
yearEdibn)
See:appendix abk 1-1

The report sates thatw ith regard to sci-
ence and technology alone, Japan's
com petitiveness has continued © be
mated highly, and 1 1999 the country is
rnked 2™ 1 the world after the U S..
Howevey, such a high assesan ent can
be attrbuted lagely t© the high levelof
nvesm ent In science and technology'.
Such an assessment is an assesanent
of potential com petitiveness, and In or-
der to assess Japan s com petitiveness a
Separate assesanent is required con-
ceming perfom ance, the other aspect
of com petitiveness Figure 1-5-2).
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Rankhg

Fgure 152 Trends 11 num berand share
ofPublshed scEntfic papers

1994 1995 1996 1997 1998 1999

T T T T T 1

b 0 0 0 273,

- . . " " Japan

[ .\‘German
5L ’/’—’/’—‘\‘ y

r France
10 r

r UK.
l /\/
20 -

Source: M D, ‘The W ord C om petitiveness Yearook” each
yearedibn)
See:appendik @bk 1-1

€ There are several indicators of perform -

ance n R& D, and one of these is the
num ber of scientific papers published in
the fields of science and engmeering.
Takng a Jook by country at the num ber
of scientific papers recorded In the SCI
(Science C iatbon Index), a database for
science and technology literature w hich
is often used 1 such analyses, Japan’s
share is 2™ in the world after the U S..
The share accounted forby the U S. is
overw helm Ingly high, butdue to the In-
crease In scientific papers from other
countries and regions, its chare is fal-
Iing In recentyears Figure 1-5-3).

Share of Published Scentift Papers

Fgure 153 Trends 11 num berand share
ofPublshed science papers
40%

35% e~ _Us.

30% 1
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Note:The paperofa hum anies/kochlfed was rem oved.
Duplcatbn appmopratbn of ntematbnalcolbbomton
paper i carred out n each author’s affitaton country.

Source:Based on hstiute forScentific hfom aton, and
‘N atbnalScience hdiators on D Bkette and 1981-1998

Delixe versbn)”, the Natbnalhstiute of Scence and
Technobgy Polry totakd.
See:fgure 6-1-3 and appendi tabk 6-1-3

Ik is important that the assessm ent of
scientific papers In science and tedhnol-
ogy tBkes nto account qualiative as-
pects mther than solely counting on
quantitative aspects. The frequency
w ith which scientific papers are cied,
w hich is regarded as acting as an indi-
cator of their degree of impact, is a
usefill Indicator t© ®view quantiative
aspects.

Takng a look at the degree of In pactof
the scientific papers from each country
acoording to the citation frequency the
num ber of times a country' s scientific
papers are cited per scientific papers di-
vided by the world average), an Index
of the ciation frequency of these re-
corded w ith the SCI, the value for Ja-
pank scientfic papers is positoned
Iow Iy am ong m ajor industrialized coun-
trdes, and this rankng has been falling
since the early 1990s. The drop in cia-
tion frequency can also be attrbuted to
the Increase I the num ber of scientific
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RCRehtie Ciaton Il

papers. In otherw ords, it does not ndi-
cate a drop in pow er of influence, but
the U K ., Gem any and France, coun-
tres w hich have increased share of the
num ber of scientific papers, have also
recorded ncreases In the cimtion fre-
quency. Tn additon, the U S., which has
suffered reduced chare in the num ber of
scientific papers, has not reoorded a
drop In the citation frequency.Based on
these trends evident n other countries,
there are fears of a drop 1n the rlative
power of Japanks nfluence Figure
154).

Fgur 154 Trends 1 RC IofscEentfic
papers 1 sekcted countres

15 F e i

10 F T T T T

. - - - Fmnce
- — " Ialy

05

0.0

198186 87 88 89 90 91 92 93 94 95 96 97 -98

85 5 yearw hdow)

Note:The Rehtie C Imtbn hdex RCI) & found by cakubthg
the num berof ciatons perpaperreach country, and
dvdihg this num berby the ntematonalavemage.

Source:Based on hstiute forScentific hfom aton, 'Watbnal
Scence hdirators on D Bkette, 1981-1998 Delixe
versbn)”, the Natbnalhstiute of ScEnce and Technobgy
Polcy cakubted.

See:fgure 6-1-5 and appendx @bk 6-15

W ih regard to the performance of
R& D , patentdata also acts an in portant
ndicator. A though patent system s dif-
fer friom country t© country, m aking an
Intermational com parison difficult, &k-
g a look at the num ber of patents cb-
tained In the U S. by the nationality of
clam ants, Japan s share has accounted
for 20% of the total num ber since the

25

late 1980s, evidence that Japan isbring-
Ing nto full play a greatperform ance
term s of quantity. In the 1990s, how -
evey, Increases In the num ber of patents
granted to other countries and regions
hasm eant thatw hile the num berof pat-
ents granted t© Japanese clain ants con-
thues © ncrease, the share is tending
to fallaw ay som ew hat Figure 1-5-5).

Fgur 155 Trends i numberofU S.
patents granted by sekcted countres

Percent

)
o
I

o
o

Share ofU S .Patents G =
w »
) o

N
o

h
o

1980 82 84 86 88 90 92 94

Note:The Natbnalhstiute and Technobgy Polcy cakuhted
on the basks of CH IR esearch Tc., 'NatbnalTechnobgial
hdiators 1998”

See:fgure 6-2-7 and appendx @bk 6-2-7

W ith regard to patents, too, review by
citation frequency is also useful. In or-
der to Indicate the nature of nventions
as cbpctively as possible, patent ex-
am ners from the U S. Patent O ffice
m ake citations of leading patents and a
varety of lierature. O f these citations,
it is possible t© tabulate the num ber of
tin es patents are cied In subsequent
patents, and calculate the cimtion fre-
quency In the same way as scientific
papers.

Takng a look at the ciation frequency
by nationality of the mventor, Japan's
figures exceeded 1 In the 1980s, a sim i-
larlevelas the U S., but this figure fell
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tobelow 1 from 1991.

Th 1995 and 1996 a slight Increase was
evident, but patent ciation data does
not sabilize untl a cerain num ber of
years have passed, 0 it is unclear
w hether it is a certan tendency or not.
On the other hand, the values for the
U S.were higher n the 1990s than in
the 1980s, and values are sable Figure
15-6).

Fhure 156 Trends 1 rhtive citaton
InpactofU S .patents
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Note:The Rehtive C Iatbn hdex RCI) & found by cakuhkthg
the num berofciatons perpatent oreach country, and
diiihg this num berby the ntematonalavemge.

Source:same as fgure 153

See:fgure 6-2-8 and appendi tabk 6-2-8

€ The “Science Linkage,” an indicator

that show s the stength of the =lation-
ship betw een patents and science scien-
tific papers, is the num ber of tim es sci-
entific papers are cited perpatent n ex-
am Tnation reportsof the U S. PatentO £
fice. Looking at trends In “Science
Linkage” values for US patents by na-
tionality of patent clain ants, the overall
values are Increasing, and the wla-
thonship betw een patents and scientific
papers isbecom g stronger. Lookng at
the figures by country, values are the

highest forthe U S ., and the Increase is
quite significant. On the otherhand, the
value forJapan is the low est of the five
countres shown in the graph, and the
gap w ith other countries has w idened in
the Iate 1990s Figure 1-5-7).

Fgure 1-5-7 Trends i the sckence
Inkage ofU S .patentn sekected
countres

Us.

Science Linka

Source:same as fgure 153
See: fgure 6-2-10 and appendix tabk 6-2-10

W ih mgard to the four sectors wih
high science linkages, looking at trends
n figures for Japan and the U S., it
is clear that over the past 10 years, fig-
ures have Increased for the U S. I the
fields of “biology and m icrobiology,”
“organic chem istry,” and “m edicine and
vetermary mediche” On the other
hand, while figures for these fields are
ncreasing for Japan, those figures are
much analler than those recorded by
the U S. The field of “bagic electrical
circuitry” recorded a slower ncrease
than values In the other three fields, but
this field has an In portent place w ithin
all fields, and is ncreasing gradually
Figure 1-5-8).
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Fgure 158 Trends 11 scence Inkage
bymaprfed hh Japan and U S.
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See:fgure 6-2-12 and appendi tabk 6-2-12
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16 htegrated dicators — The
htegration of Science and
Technology hdicators

Ih order t© quantiatively assess the sci-
ence and technology activitdes which have
com plex and diverse agpects, a large num -
ber of the Indicators that appear in this re-
portare required. H ow ever; w hile this large
num ber of Indicators are suied t© ganing
an understending of individual situations, it
is difficult © gamn a clear picture of the
whole. Therefore, as w ill be discussed be-
Iow , by summ arizing the inform ation pos-
sessed by the Jarge num ber of science and
technology nndicators using a satstical
m ethod called principal com ponent anatly-
gis, it is possble to gain a com prehensive
undersanding of the science and technol-
ogy activites of Japan and otherm ajr in-
dustrialized countries.

Principal com ponent analysis is one type
of multvariable analysis, analysis which
analyses m ultple variables multple types
of quantitative data) . The sum m arized ndi-
cators (htegrated Indicators) which result
from principal com ponent analysis are dis-
played as a am allnum ber of num bers, m ak-
g teasy to understand the whole. n ad-
diton, if necessary it is possible t© retum
to ndividual Indicators, and In that regard
they are capable of fulfilling a supplem en-
tary le to hdividual indicators.

See column "htegration of Ihdicators
by M ultivariable A nalysis”)

htegrated Science and Technology
hdicators

€ The ‘G eneml hdicator of Science and
Technology G SIT)” was developed to
give a com prehensive indication of the
science and technology activites of
each country by bringing together nfor-

GenerlhdratorofScence & Technobgy G BT)

m ation w ith a variety of ndicators. This
Indicator was synthesized by perfom -
g principal com ponent analysis on 12
majpr science and technology indica-
tors, and Indicates the sum total of sci-
ence and tedmology activitdes of each
country w ith a single num ber. Tt is use-
ful In making comparsons between
countries, com parisons w ith other vari-
ables and looking at changes overtim e.

The figures for the G eneral Indicator of
Science and Technology forthe five se-
lcted ocountries alnost perfectly re-
flects the size of countres representad
by population and GD P, w ith the value
forthe U S .being highest, and basically
creasing. The U S. is follow ed by Ja-
pan at approxin ately half the am ount,
then Gemany, then France and the
U K ., which had sim ilbrvalues. Japan s
figure, after increasing steadily fiom

the late 1980s, leveled off In the early
1990s, but sared t© hcrease once
again from the late 1990s Figur
1-6-1).

Fgur 1-6-1 Trends 1 the geneml

hdiatrofscence and technobgy for
the five selected countres

Us.

Japan

0
1981 82 83 84 85 8 87 88 89 90 91 92 93 94 95 96

See:appendk @bk 12
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€ Comparng the G IST w ith GD P of vani-

ous countries, the resultant graph is dis-
tributed Inearly on the whole, and there
seem s © be a conelation betw een the
tw o volum es. Tn addition, Jooking at the
trends foreach country, these are gener-
ally increasing upw axd t© the right, in-
dicating that both science and tech-
nology activites and GDP are InCreas-
g Figurel-6-2).

Fhure 1-6-2 Trends h htegmted
ScEnce and Technobgy hdiators and
GDP

' 1996 !

General Indicators of Science & Technology (GIST)

0 1 1 1 1 1 1 |

0 1 2 3 4 5 6 7
GDP(Trrillion Dollars[Purchasing Power Parity Calculation[11990 Real Value[]

Source: fgure 12 and appendx @bk 12

I orer to make a com parison of sci-
ence and technology activibes taking
nto account differences in the size of
countries, king a look at the value of
G IST per unit of GDP, Japan is posi-
tioned in the m iddle of the five selected
ocountres, and is moving sidew ays. In
the 1990s values for the U K . have m-
creased dram atically, w ith the U S. and

29

France both show Ing Increases Figure
1-6-3).

Fhure 163 Trends 1 the valie of
genermlhdiatorofScience and
Technobgy peruntofGDP n the fire
sekcted countres

UK.
" Gemany 7
N Japa
06 L
05 B R
""""""" France
! Us.

Genemlhdrabs of Scence & Technobay 6 BT) perGDP
b

1981 82 83 84 8 8 87 8 89 90 91 92 93 94 95 96

See:fgure 12 and appendi bk 1-3
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htegration of hdicators by Multivariate Analysis

M ultivariate analysis is the collective
nam e for a varety of m ethods to analyze a
large num ber of variables many types of
quantitative dat@) . O £ this varety of m eth-
ods, this report uses principal com ponent
analysis for the ntegration of science and
technology indicators. Principal com ponent
analysis is used In the follow ng case:
w hen a particular subjct is represented by
a num ber of variables, principal com ponent
analysis summ arizes their com prehensive
characteristics nto a an all num ber of new
variabls.

I additon, although this is not dis-
cussed In the mamn text, stuctural analysis
of science and technology activites is also
carred out usig factor analysis, thereby
confim Ing the approprateness of variables
selected . Factor analysis is a m ethod w hich
atempts o explhin Information wih a
large number of varabls using a anall
num ber of potential factors (factors which
them selves cannotlbe directly observed, but
which are rgarded as being in common
betw een different types of data that have
been observed) . The details of this m ethod
of analysis are described n detail n R efer-
ence [1]).

Data Used

The countrdes subjcted t© analysis are
the five countries of Japan, the U S.,
France, Gem any and the U K .W ith r=gard
to the period surveyed, daa is @ken fiom
the 16 years fiom 1981 to 1996, fiom
which statistics w ith a high degree of =li-
ability can be obtained.

The variables used, ie. the individual
Indicators, are representative indicators that
Indicate the state of science and technology
activies 1 a partcular country. The fol-
Iow Ing 12 Indicatorsw ere used.

1] Number of Bachelors of Science
foum ber of persons who have cbtained a

bachelor degree In the science faculty of a
university)

2] Num ber of B achelors of Engneering

faum ber of persons who have cbtained a
bachelor degree In the engmneering faculy
of a university)

Bl Numberof R&D scientists and engi-
neers (see Chapter3, Section 1)

4] R&D expendiures (see Chapter 3,
Section 1)

B] Value of technology inports See
Chapter6, Section 3)

[6] N um ber of scientific papers fum ber
of scientific papers recorded w ith the SCT.
See Chapteré6, Section 1)

[7] Frequency of scientific paper cia-
tons (ciation frequency of scientific pa-
pers recorded In SCI. See Chapter 6, Sec-
ton1l)

[8] Num ber of dom estic patent applica-
tons fumber of patent applications In
ones own country. See Chapter 6, Section
2)

O] Num ber of overseas patent applica-
tons (um ber of patent applications to oth-
ercountries. Chapteré6, Section 2)

[10] Value of technology exports (Chap-
ter6, Section 3)

[11] Added value of ndustrial products

(@dded value of secondary industry)

[12] Value of production of high-tech
products @dded value of high-tech indus-
ty)

(SeeTable 14 fordetails of data)

The conditons and survey m ethods for
these data vary fiom country to country,
and while there may be slight problem s
w ith the rliability of data, changes over
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tin e have a strong Impact on analysis re-
aults, o0 these differences are expected t©
cause few problem s w ith the reliability of
analysis results.

GenemlhdicatorofScince and
Technolbgy Resuls of Principal Com ponent
Analysi)

The firstm ain com ponent cbtaned from
principal com ponent analysis had a fixed
value of 8 48, a ratio of 70.7% , and an ex-
plaining ability of around 70% . This first
principal com ponent has been adopted as
an indicator that show s the overall sate of
science and technology activites in each
country, and ithas been nam ed the G eneral
Indicator of Science and Technology
GIST).

Variables are affected by the size of the
country In question, so the G eneral ndica-
tor of Science and Tedhnology generated
fiom these variables are also affected by
the size of the country. This GIST iswell
suied I regpect of the fact that as an ndi-
cator that show s the science and technol-
ogy activities of a country as one num ber,
i is possible to exam ne the trends in that
Indicator w ithout belng affected by other
varables. In additon, if ttylng to make a
com parison w ithout the in pact of country
size, it is possible to m ake a com parison by
standardizing the general indicatorby GD P
orpopulation, as shown n Figure 1-6-3.

Taking a look atthe changesovertine in
the GIST Figure 1-6-1), all countdes are
Increasing over the long term . A num berof
tem porary r=ductions are evident, how ever.
The r=duction In the figures of the GIST
are a phenom ena that should be noted, s
we will take a look at the factors at work.
The drop In Japan s figures n 1993 can be
largely attrbuted to the r=duction In "R & D
expendiures,” “added value of mdustrial
products,” and “added value of high-tech
products.” Japan also experienced drops in
the “num ber of scientific papers,” "num ber

of dom estic patent applications,” “rium ber
of overseas patent applications,” and “the
value of tedmology Inports.! This indi-
cates that n this year, Japan experienced an
overall reduction in science and technology
capaciy.

Gem any also experienced a drop In is
figure forthe GIST 1n 1993, and the U K.
experienced a drop 0 #IsGIST 1n 1991. In
the background t© G em any s drop w as the
dop In "R&D expendiures,” “num ber of
R&D scientsts and engineers,” “rium berof
scientific papers,” “value of technology ex-
pouts,” “added value of mndustrial prod-
ucts,” and “added value of high-tech prod-
ucts” 1 1993.Thediop NGIST ntheU K.
can be attrbuted t© the &1l n "R&D ex-
penditures,” “number of R&D scientsts
and engineers,” “value of technology in -
pouts,” “walue of production of ndustial
products,” and “value of pmoduction of
high-tech products

Ih thisway, it is possible t© clarify char-
acteristic fluctuations that spread across
m ultiple variables. N ot only that, but fluc-
tuations in ndividual ndicators and overall
changes are quantitatively related t© one
another thmwugh prncipal ocomponent
analysis, which m akes the com plem entary
relationship betw een general indicators and
hdividual indicatorsm ore usefial.

31
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Chapter 2

Education and H um an R esources D evelopm ent

for Science and Technology

The developm ent of hum an resources
for science and technology is one of the
most Inportant foundations to prom ote
science and technology. Conceming the
developm ent of science and technology
hum an resources in schooleducation, this
chapter presents an ntemational com -
parison of the state of m athem atics and
science education n junior high school,
mates of advancem ent to high schools and
universities, the sate of applications and
adm ission t© university according t© de-
parment, and emplyment ttends after
university graduation by ndustry.

Figure 2-1-0 show s an overall in age of
the num ber of students in school educa-
ton . A coording to this graph, the num ber
of elementary school students is 7663
m illion, and the number of junior high
school students is 4 381 m illion. These
tw o categories m ake up com pulsory edu-

cation In Japan. The figure for high
school students is 4 251 m illion, Indicat-
Ing that the mate of advancem ent to high
schools is close to 100% . The percentage
of high schools students enrolled In In-
dustrial courses is 8 8% . The mate of ad-
vancem ent fiom high school to university
orjumnircollege is42 5% .The num berof
students enrolled In university depart
ments is 2901 m illion, while the same
figure for Jnior colleges is 407,000, w ith
percentages of students enrolled In sci-
ence and technology disciplines being
192% and 44% respectvely. Some
175,000 students are enrolled In m asters
ocourses, whilke 67,000 are enmolled In
doctomate courses, w ith 36 6% and 25 4%
of students enrolled In science and tech-
nology oourses under the respective
course fram ew orks.

Fgure 2-1-0 Overmllin age ofthe num berofstudents 1 schooleducation (1998)

Graduate School | &
Doctorate Course |
Graduate School

Master's Course

Undergraduate
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(Science and Engineering Course:
17 Thousands Students)
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(Science and Engineering Course:
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2-yvear-College :

407 Thousands Students
(Science and Engineering Course
18 Thousands Students)

Technical College:
55 Thousands Students

(Science and Engineering Course

2,901 Thousands Students 55 Thousands Students)

(Science and Engineering Course
588 Thousands Students)

4,251 Thousands Students

High School (Engineering Course: 375 Thousands Students)

Junior High School 4,380 Thousands Students

Elementary School 7.663 Thousands Students

Notes: 1) Ilistate notbnaly the iem Zes fetcrediportbn) ofnum ber, such as a student, a pupil, etc.who & on the regsterh
each educatbnalfaciltes, and the sckEnce and engheering system ofthose.
2) The ‘Scince and Engheerng System ” ofa uniersity and a graduate schools the sum totmlofa physialscEnce sys-
tem and an engheerng system deparm ent.
3) The ‘Science and Engheering System ” ofa jinbrcolege & an hdustralsubgctofstudy.
4)As Porthe heghtofstik graph, area expresses the num berw ih whith each educatonalfacilies ar on the regsterhn
the pursuiofinow kdge perbd ofeducatonalfacilies, such as a studentand a pupil

Source:M hiktry of Educaton, ‘Reporton Bast Surey ofSchook”
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21 htemationalCom parison
ofM athem atics and Science
Education m JuniorH igh
School

The ain of the Thid htemational
M athem atics and Science Study (T'IM SS)
is to m ake an htemational com parison of
the level of educational achievem ent In
m athem atics and science at elem entary
and juniorhigh school level. The ntema-
tional A ssociation for the Evaluation of
Educational Achievement has imple-
m ented this study at the end of each aca-
dem ic year since 1994. Some 46 coun-
tresfregions participated in this suwvey
how ever, the Intemational com parative
analysis applied to 41 countries/fegions) .

The M Inistry of Education’s N ational
hsttute for Educational Research con-
ducted the survey In Japan, and the re-
sults w ere m ade public in January 1996.
The previous two studies r=fer to the

First Intemational M athem atics Study
(1964), the First Itemational Science
Study (1970), the Second Intemational
M athem atics Study (1981) and the Sec-
ond ntemational Science Study (1983).

The Intemational average score In the
m athem atics In second year high-school
was 513 points, w ith Japan scoring 605
points. Looking at these results n oxder
of country fegion from highest to low est
scoring, Singapore scored the highest
(643 points) (satstically higher than all
other countries), followed by a group of
countries that included K orea, Japan and
Hong Kong. The differences n results in
this group of three countries w ere not sa-
tstdcally significant. This group was fol-
Iowed by Belgum (Flem ish) and Czech
Republic. Looking at the ram anderof the
countres, France was positioned higher
than the ntemational average, G em any
was average, while the England and the
U S. were positioned below the intema-
tonal average.

Foure 2-1-1 htematonalcom parson of rehtonship betw een studentattiude towards
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See:appendk @bk 2-1-1



In Jgpans results, some 30% of sw-
dents were placed In the top 10% of the
distribution of scores from  all participat-
Ing countries.

Furtherm ore, lJooking at the results ac-
cording to content areas, Japan s percent-
age of conect regponses was high 1 all
gix areas: “fractions and num ber sense”
(2™ out of 41 countries 1 percentage of
conect responses), “geom etry” 1%, “al-
gebm” o™, “expression /analysis of data,
and probalboiliy™” ), ete.

Focusing on the differentials n scores
between males and fem ales, In texrm s of
ntemational averages @™ grade jmior
high school students), the score form ales
at 519 w as slightly higher than that of fe-
malesat512, but in the m ajority of coun-
tres/regions no significant difference w as
evident between males and females.
How evey, Japan, together w ith Tran and
Korea, had results which were satsd-
cally higher for males than females In
both 1% and 2™ gmde of jmir high
school.

A s the above cbservations show , while
Japan boasts a high level of achievem ent
In m athem atics at junior high school, the
situation is toally differentw hen the per-
ception of m athem atics is looked at. That
is © say, Jooking at responses to the
question: "To what extent do you lke
m athem atics?" In tem s of ntemational
averages, some 19% of students re-
goonded they “lke a ot the subject,
49% of sudents “lke” it @iving a com -
bined total of 68% ), ndicating that m ost
countries have a favomble opnion of
mathem atics. In Japan, howevey, only
10% of sudents lke a ot the subjct,
while 43% lke it, giving a toal of 53% ,
manking Japan second-lowest above
C zech Republic.

Figure 2-1-1 show s In graphic fom the
average scores I m athem atics refened t©
above and the "lkedislike ndex." L.ook-
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Ing at the graph, it is clear that w hile Ja-
pan has extrem ely high average scores,
there are an extrem ely large number of
students w ho dislke the subjct.

Furthemm ore, the suwey results indi-
cate that Japanese students don't find
m athem atics enjoyable and have a low
perception of theing usefill n theirdaily
Iives, and a low desire to engage In w ork
that involves using m athem atics.

A Im ost dentical tendencies can be ob-
sevved w ith regard to science.

The ntemational average of scores n
science 11 2™ grade junior high school
was 516 pomts, while Japans average
was 571 points. Looking at the countries
from highest to lowest average soore,
Singapore had the highest score w ith 607
points, ollowed by a group of countries
that included Czech Republic, Japan,
Korea, Sovenia, and Netherlands w ih
no statstical difference w ithin this group) .
Looking at the r=m aining selected coun-
tres, scores forthe England, the U S.and
Gemany were average, while Francek
soore was positioned below the intema-
tonal average.

In Japan, some 18% of students were
placed in the top 10% of the distrbution
of scores of all participating nations.

Focusing on the differences n scores
according to sex, the ntemational aver-
age for malks @™ gmde jmir high
school) of 525 w as higher than the aver-
age for fam ales of 509, and in contrast to
m athem atics, a significant difference I
results was observed between females
and males In 28 countriesfegions. Tn Ja-
pan, m ales' results are satistcally higher
than fem ales".

A s cbserved above, In the sameway as
m athem atics, the level of achievem ent In
science of Japan s jnior high school stu-
dents is high, but the sam e tendency as
m athem atics was evident In the aw are-
ness of science.
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That is t© say, asking students about
their 1keAislke of science, In the Inter-
national average, som e 73% of responses
were accounted for by “lke a lot” and
“1ike,” indicating that the subject is gen-
erally thought of favorably n m ost coun-
tdes. Th Japan, how ever, the sam e figure
was 56% , leaving Japan at the Iowest
level n term s of these figures. T addition,
Japan also has the characteristic of having
the largest difference betw een m ales and
fem ales n tem s of their degree of lke

for the subject Mmalks ar chifting t©-
wards a ke forgeom etry, while fem ales
like this subjectthe least) .

Figure 2-1-2 chows the average score
of science m entioned above and the “lke
index” according to country/egion. Ac-
cording to this graph, In the ssme way as
m athem atics, while the average is ex-
trem ely high, there is also an extremely
large number of students who hate the
subject.

Fogure 2-1-2 htematonalcom parison of rehtonshp betw een students attiuide towards
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Th addition, science results In Japan are
at a top level n tem s of content areas
such as “physics” 2™ outof 41 countries
In the order of percentage of conect re-
goonses) and “science” @™ out of 41
countries). LoockIng at the rsults ac-
cording t© the type of problem, whilke
Japanese students scored quite highly in
the average percentage of comect re-
goonses t© m ultple-choice questions and
shortanswer quesdons @™ and 2™ re-
Soectively), Japan s positon fell to 10™
for long-answer questions, which was
stdll above the ntemational average Fig-
ure 2-1-3).

Fhure 2-1-3 The rankhg ofthe average
valdiy accordng o the queston type
@™ yearjmbrhih school)

1- Singapore
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ol \ Korea
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L us.

%16
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21 Germany
26 France

answering the
question type

multiple- choice type description type

Note:Rankhg of41l countres

Source:M nitry of Educaton Natbnalhstiute forEduca-
tbnalR esearch, “htematonalC om parson of
M athem atics and Scince Educaton n JunbrH gh
SchooXk”, April1997

See:appendk bk 2-1-3

Figure 2-14 chow s the perception of
science among Japanese students. Ac-
cording to this graph, some 53% of stu-
dents n Japan “find science enjyabl”
(com pared to an ntemational average of
73% ), a figure which left Jagpan sec-
ond-low est above Korea. Some 15% of
students “find science easy” (com pared to
an ntemational average of 43% ), 48% of

37

students think, “science is in portant for
their daily lives” (compared to 79% ), and
20% of students expressed “a desire to
perform work Involving science in the
future” (com pared to 47% ). These figures
eft Japan at the lowest level of the 22
countres between which a comparson
could bem ade.

Fgure 2-14 The Rankihg ofthe attiude
towaxds sckence

R atb ofthe studentwho ke scince)
™ yearjmbrhigh-schoo))
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Fid science
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Note:Rankihg of22 countres

Soure:M hiktry of Educaton, Natbnalhstiute orEdu-
catbnalR esearch, “htematonalC om parison of
M athem atics and SciEnce Educaton h JunbrH gh
Schook”, April1997

See:appendk @bk 2-14

A s mentioned above, although the re-
sults of Japank junior high school sti-
dents In m athem atics and science are at
an ntemationally top level, n term s of
nterest n the subpcts degree of
lkeAislke), they are conversely at the
low est level.

W ith r=gard to the background and fac-
tors behind these figures, while there are
a variety of different circum sances at
w ok, for exam ple, according to the an-
svers to the queston "rquirements to
make students able to do m athem atics"
posed to teachers n the same survey,

60% said "o rmEmember formulas and
procedures" (compared t©o an ntema-

tional average of 39% ), while 79% said
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"o be able t© think creatively" (ntema-
tonal average 62% ), figures which were
higher than the intemational average. Tn
contrast, 45% of teachers said "o under-
sand the way In which m athem atics is
used In the realwordd", which w as below
the mtemational average of 53% Figure
2-15).

In additon, "fiequency wih which
daily life situations are used In problem
solving as part of science classes" was
22% (ntemational average 42% ), leaving
Japan at the Jow est level of all the coun-
tdes.

h oder to foster science and technol-
ogy human resources, m additon to
mantenng the cunently high level of
results, nitatives to Inprove the nterest
I m athem atics and science are vial.

In Decamber 1999, the resuls ulle-
tih) of the additional survey (™ stage

survey) In Japan as part of The Third Tn-
temational M athematics and Science
Study presented above w ere m ade public.
A cocording o these results, although the
kvel of achievement in science and
mathematics of 2™ year jmior high
school students is ata sim ilar level to that
achieved in the sam e survey In plem ented
four years ago, w ith r=gard to the degree
of lkeAislke for m athem atics and sci-
ence, the percentage of students who
have a favorble attitide towards the
subcts has fallen even further. For ex-
ample, as presented In Section 21 1, the
percentage of students who “lke a lot”
and “lke” m athem atics according to this
suwvey was 53% , second-lowest after
C zech R epublic, w hich has dropped even
further to 47% , a dwop of 6 percentage
points.

Fgure 2-1-5 Studentskilk requied success 1 m athem atics (i year jainbrhih school)
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22 High Schools

221 Trends m Num berof
Adm issions and Enrolm ents

(L) Trends i Percentage of Advancem ent
to High Schooland NumberofAdm issions
Some 1503 million people graduated
from jnior high school In Jagpan In
M arch 1999, and 93% of these, 1399
m illion wenton to study at fillldm e high
school. If night high school and college
of technology are included this figure in-
creases t© 1455 million, equivalent to
97% of juniorhigh schoolgmaduates. This

Indicates that In Japan, after com pulsory
education has been com pleted, alm ost all
students are going on to further study in
high schools and so forth.

Figure 2-2-1 show s trends In the per-
centage of students golng on to study at
full-tm e high schools. A ccording to this
graph, w hile only around 50% of students
wenton t high schoolbefore 1960, after
1980 this figure cam e t© exceed 90% , af-
ter which a high level has been main-
tained . H ow ever, the absolute num bers of
people going on t© study at high schools
n FY1999 has fallen to 77% of 1990
levels, reflecting the fall n the population
of young pecple.

Foure 2-2-1 Students advancig t© senbrhigh school

9 100
Advancem entRate

10 Thousands

250

150 f

100 R~

50 f

Num berofG mduates

Num berofStudents Advancihg o
SenbrH gh School

¥ u

S

40

1955 60 65 70 75 80

85

90 91 92 93 94 95 96 97 98 1999 FY

Note:Students gmduate therschook hh M arxch end ofyearbebre).
Source:M nitry ofeducaton, ‘Reporton Bast Survey ofSchook”

See:appendk bk 22-1
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@) Trends 11 Num bers of hdustral
Students

The number of students enrolled at
high schools @Il subjcts) in FY 1955,
which was 2572 m illion people, in-
creased t© 4223 million and 1970 and
5617 million In 1990 due to the increase
In the percentage of people going on t©
further study. In contrast, the num ber
of Industrial students mcreased fiom
237,000 In 1955 to 566,000 in 1970, but
fell back to reach 486,000 In 1990 (Fig-
ure 22-2).A s a result, the ratio of ndus-
tral students as a percentage of students
enmolled I all subjects which ose t© ex-

moved Into decline, and In the 1980s
wentunderthe 10% barrer.

This Increase In the num berof students
enrolled in general subects can be attrdb-
uted to the desire among students and
their parents for them t© go on to further
study atuniversity, and the Increase in the
capaciy of universities to take m ore stui-
dents.

From the early 1990s, r=flecting the
decreasing In younger age groups of the
population, the absolute num ber of high
school students @11 subjects) has been
decreasing, and the percentage of stu-
dents enolled n industrial subjects has

ceed 10% fiom the 1960s t the 1970s  been m oving around justunder 9% .
Fgure 222 Ratb ofsenbbrhih schoolstudents i hdustralsubects
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Source:M nitry of Educaton, ‘R eporton Bast Surwey of S chook”
See:appendk bk 222



@) Trends i Num bers of Students
Enrolled 1 hifom ation SciEnce Subgcts
Figure 2-2-3 Jooks at the sate of devel-
opm ent of nform ation science hum an re-
sources at the high school stage of educa-
ton. From FY 1980 to FY 1999 the num -
ber of students enrolled n industrial sub-
Jects and com m excial subjects f£ll by ap-
proxin ately 30% overall, and the num ber
of students enolled In  iInform ation sci-
ence aubpcts (nform ation-processing
subects In comm excial high schools and
Infom ation technology subjects n ndus-
tral high schools) ncreased during the
sam e period rose from 21,000 t© 109,000,

a dmmatic ncrease of approxim ately
53% .Asa reault, the num ber of students
enrolled in infomm ation science subjects
as a percentage of students enrolled n in-
dustrial subjects and com m excial subects
hcreased dram atically from  the early
1990s. That is to say, the num ber of such
students entolled in ndustrial subjects in-
creased from 1% In FY 1980 to 7% 1
FY 1999, and the number enmlled in
comm erxcial subpcts ncreased from 3%

to 23% , suggesting that the developm ent
of inform ation science hum an resources
hasbeen prom oted.

Fgure 22-3 Trends 1 num bers of students 1 hvform atbn sckence subfcts am ong
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See:appendk abk 223
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222 Routes ofHigh School
G raduates

(L) Trends i Percentage of Students
Goig on o FurtherStudy

Som e 1 363 m illion students graduated
from high schools @1l subjcts) n M arch
1999, of which 602,000 went on t© fur-
ther study atuniversities universities and
junior colleges), accounting for 44% of
the otal. The @l number of students
who went on to firther study, ncluding
those who wenton to study at higher vo-
cational schools, is 966,000, acoounting
for71% ofallgraduates.

Looking at trends in the percentage of
students going on to study atuniversities,
w hile the num berw as only betw een 20%
and 30% in the 1960s, In the 1970s this
figure 0= to above 30% , and In the
1990s has risen to betw een 40% and 50%
Figure224).

D viding these figures up nto ordinary
subpects and ndustral subjpects, enrol-
ments M omhary subkcts have con-
tihued t© move In wughly the sam e pat-
tem, and I partcular n 1998 and on-
wards, the percentage of students going
on to study atuniversity exceeded 50% .

h hdustrial subjects, the percentage of
students going on to study atuniversity is
wrlatively Iow, In the 1970s rwaching a
peak In excess of 10% . I subsequent
years this figure sayed below 10% , but
I recent years ithas been ncreasing, ex-
ceeding 10% once more I FY 1998 and
raching 12 5% M FY1999.
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See:appendk bk 224,225,226

@) Empbym ent 1 Majprhdustries

M eanw hile, the number of graduates
from high school @1l subjects) m M axch
1999 who found empbyment was
276,000, or 20% of the toal. Looking at
the Industries that employed these stu-
dents, the manufacturing mdustry ac-
counted for35% and the service ndustyy
accounted for23% .

Looking at trends in the percentage of
students em ployed by the m anufacturing
hdustry In the late 1960s this figure re-
m ained betw een 30% and 40% , butatthe
sart of the 1970s the impact of the two
oil shocks m eant this figure dropped t©
between 20% and 30% Figur 2-2-5).In
subsequent years, this figure o= t©
around 40% atone time, but In the early
1990s, after the so-called bubble econ-
omy which occurnred In the late 1980s,
this figure dropped t© between 30% and
35% , Indicating a “move away from the
m anufacturing ndustrty” This figure has
Increased again recently, how ever.

Looking at sudents enrolled In Indus-
tral subcts, the percentage of graduates



finding em ploym entw ith the m anufactur-
Ing industry was at a higher level across
the whole period than students enrolled Tn
all subcts, but is show Ing tendencies to
move In the same ditection. h the late
1960s this figure was in excess of 60% ,
but upon entering the 1970s this figure

dropped greatly t between 40% and 50% .

T subsequent years, the figure reached a
tempomary peak of aound 60% In the
earty 1980s, butdropped to betw een 40%
and 50% in the late 1980s and 1n follow -
g years. W hile this figure is show ing
signs of ncreasing agamn In recent years,
In March 1999 the figure was 49% , a
Jow er level than 1 the late 1960s, In con-
trast to all subjkects.

Figure 2-2-6 show s trends In the per-
centage of graduates employed by the
service ndustry. A coording to this graph,
while belng affected by the fluctuations
In the econom y, the percentage of gradu-
ates finding employment in the sewice
Industry has continued to Increase alm ost
congistently. This same tendency is al-
m ost the sam e for graduates from ndus-
tral subjects, which had figures of less
than 5% for the late 1960s and has re-
cently com e to exceed 10% .
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Fhure 225 Trends i the percentage of
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Fgure 22-6 Trends 11 the percentage of
graduates em pbyed by serwie hdustry
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2 3 University Departm ents

231 Trends In ApplicantNum bers

A pplicants for adm ission to university
generally subom it applications to m ultple
university deparm ents. Each person can
m ake m ore than one application, and the
total num ber of these applications is the
total num ber of applications for adm is-
sion .

In FY 1965 the totalnum ber of applica-
tions foruniversity adm ission @11 depart-
ments) was 1203 m illion, and this num -
ber Increased consisently thmough the
1970s against a background of heighten-
Ing desire for further study, reaching
3127 m illion students n FY 1978.

I FY 1979 the system of adm ission to
national universities changed fiom the
"% and 2™ sem ester adm dssion system ”
which had exised up untl then, t© a
“comm on prim ary exam nation system [
and In response to the change from m uld-
ple opportunites to a sihgle opportunity
to git the exam nation for adm ission t©
national universites, the total num ber of

applicants for adm ission dropped to be-
tween 25 and 3 million. n the subse-
quent years, In response to the change
from a single to m ulbple opportunites to
sit for national university entrance ex-
am nations w ith the mtroduction of the
“common prmary (center) exam ination
system ” from FY 1987, the num berof ap-
plications increased 1apidly, up t© 5.063
m ilion N FY 1992.

D espite this, In r=cent tim es these fig-
ures are decreasing due to the decline n
the population aged 18 oryounger, w hich
w illbe m entioned In the next section.The
num ber of applications reached 3 59 m il-
Tion ln FY 1999.

Figure 2-3-1 Jooks at trends 1n the total
num ber of applications foradm ission, for
science and engineering subects and eco-
nom ics subkcts. A coording to this @ble,
science and engineering applicants de-
creased n num ber In the 1970s, w hile no
great drop In numbers was evident for
econom ics subjcts. From FY 1987 to the
early 1990s there was a great rise In the
num ber of econom ics applicants, but this
num berhas n contrast fellm ore recently.

Fgure 2-3-1 Trends 1 num berofapplicants foradm ssion and com petitveness
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Com pared t© econom ics subjects, science
and engneering have seen little fluctua-
tion. I FY 1999 the number of science
and engineering applicants and econom -
ics applicants w ere around the sam e level
atapproxin ately 700,000 each.

Figure 2-3-2 Jooks at trends in the per-
centage of total applicants acoountad for
by departm ent. A coording t© this graph,
In the 1970s and the lJate 1980s, there w as
a so-called "m ove aw ay from science and
engineering" phenom enon in which the
percentage of the toal num ber of appli-
cants acoounted for by science and engi-
neering subjects fell, and the percentage
acoountaed for by econom ics subjcts in-
creased . Tn the early 1980s and m ore re-
cently, the reverse phenom enon is n evi-
dence.

A s m entioned earlier, the total num ber
of applicants foruniversity adm ission has
been affected by changes n the adm is-
sions system, but partcularly when
viewed by deparment, the econom ic
situation at the tim e seem s t© have had a
great in pact.

Fhure 232 Trends 1 the ratb of
applicantforadm Esibn
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Figure 233 show s the percentage of
the total num ber of applicants for adm is-
sion acoounted for by science and tech-
nology subkcts and by econom ics sub-
FEcts, rlated to the econom ic situation of
the time. Graph @) show s figures fiom
the 1970s to the early 1980s, and accord-
Ing to this graph, a great shift from sci-
ence and engineering subgcts to eco-
nom ics subjects is evident, caused by the
two oil shocks which occured In the
1970s. Conversely, In the 1980s, as the
econom ic sitiation becam e more favor-
able, we saw a recovery In the science
and engineering subjpcts. How ever, the
boom ing so-called bubble period in the
late 1980s saw a dram atic shift tow ards
econom ics subects once more, and In
FY 1991 when the “oubble burst,” and In
subsequent years, we saw a recovery of
science and engineering subgcts, indi-
cating the reverse movement from that
w hich occurred in the early 1980s.

A s seen earlier, the “move away from
science and engineering subjects” I the
1970s was caused by a r=duction in the
num ber of applicants for science and en-
gineering subects that reflected the dete-
romtion In bushess conditions in the
m anufacturing ndustry in econom ic re-
cession. In contrast, the m ove aw ay fiom
science and engineering In the boom
tim es of the econom ic bukbble 1n the late
1980sw as caused by different factors, ie.
a dram atic Increase I the num ber of ap-
plicants for econom ics subjects under the
i pact of changes to the adm issions sys-
tem for national universities. n recent
tim es, w e have seen a sudden drop In the
num ber of applicants for econom ics sub-
Fcts, w ith the result that the percentage
of applicants for science and engineering
ncreased, o the pont where the per-
centege of applicants is approxim ately
the sam e for both subjct areas. In this
w ay, care needs to be tgken t© gam a de-
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tailed picture of and to exam ine the fac-
tors behind and content of the phenom e-
non describbed as a “move away from
science and engineering

Fhure 233 Percentage ofapplcants
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232 Trends in the 18-yearold
Popultion and Enrollees

Acocording to estin ates made by the
M inistry of Education $ N ational hsttute
of Population and Social Security Re-
search, Japan s population of 125 57 m il-
Tion pecple M 1995 will rise t© m@ach a
pesk of 12778 million in 2007, after
which it will enter a lTong-term decline.
This is because since the m d-1970s the
birth mate has been much low er than that
rquirrd to manht@ain the population at a
given size (otal fertdlity mte of amund
2 .08). The 18-yearold population has al-
ready reached its peak of 2 068 m illion n
1991, and isnow falling. This population

is regarded as contiuing to &1l in the
future - forexam ple f2lling to 1 208 m il-
Tion by 2010, some 58% of the figure at
ispezk Figure2-34).

Against this background, the number of
people adm ited to university depart-
m ents has, under a heightening desire for
further education and increased capacity
of nsthutions, increased from 412,000 In
FY 1980 t 590,000 n FY 1999, an In-
crease of a factorof 1 4. A s a result, the
percentage of people golng on to higher
education (the perentage of the
18-year-old population who are adm ited
o universities) ose fiom 26% to 39%
over the sam e period, an increase of 13
percentage points.

Fgure 234 Trends 1 18-years-od popukbton and students advancihg to
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Figure 235 takes a Iongertemm view
of these trends In people adm itted to uni-
vergity, as well as looking at them ac-
cording to deparm ent. A ccording to this
graph, In FY 1999 the departm entw ith the
largest num ber of university entrants w as
social sciences, with 237,000 people,
makng up 40% of the toal, ollowed by
engheering w ith 110,000 (19% ), and the
artsw ith 99,000 (17% ).Some 21,000 stu-
dents enrolled for the firsttim e In the sci-
ences, acocounting for3 6% of the total.

Next, Jooking at trends in the num ber
of people adm ited to university, overall

the figure of 333,000 In FY 1970 1082 t©
590,000 m FY 1999, an Increase of a fac-
tor of approxin ately 1.8. Breaking these
figures down Into departm ents, social sci-
ences ncreased by a factor of 1.7, engi-
neering by 16, figures w hich are sin ilar
Increases, but sciences ncreased by a fac-
tor of approxin ately 2 0, the arts by ap-
proximately 25, and health by approxi-
mately 43. W hile these Increases are
wlatively large, no majr changes were
evident in the percentages of the total oc-
cupied by the m ain deparm ents.

Fhure 235 Enwln ent h undergraduate courses by deparm ents
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Ratb ofFem ak EnmIn ent

W hen Jooking at trends 1 the num ber
of people adm itted to university, a feature
is the Increase in the number of fem ale
swudents. In FY1970 there wer only
62,000 famales adm ited to university.
This figure Increased by a factor of ap-
proxin ately 3.6 t© 221,000 by 1999.Asa
result, the percentage of all students ad-
m ited to university who w ere fem ale has
risen from 19% to 38% overthe sam e pe-
riod Figure2-3-6).

Fgure 236 Femak enmwln enti
undemgraduate courses by deparm ents
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Looking at this situation by departm ent,
the num ber of fem ale students adm ited
to science and engineering deparm ents
hasrisen fiom 1,599 n FY 1970 t© 13 206
In FY1999, a dmmmatic ncrease of ap-
proxin ately 8 3.A s a reault, the percent-
age of female students adm itted t© sci-
ence and engineering deparm ents 1mose
from 21% t© 11 5% overthe sam e period,
but is sl at a low er level than other de-
parm ents. h addition, up untl the early
1990s the percentage of fam ale students
was Increasing, but recently it seems t©
have hit the ceiling som ew hat.

49

233 CarerPaths ofScience and
Engeering G raduates

Some 530,000 pecople graduated from
universities @Il departments) In M axch
1999, but locking at the breakdown,
some 50,000 (10% ) went on t© post
graduate school and o forth, some
320,000 (0% ) found em ploym ent, som e
106,000 Q0% ) were unem plyed fpecple
w ho w ere neitherw orkIng norengaged in
further study - helping at hom e, for ex-
am ple), and the rem ainder w hose details
W ere unclearwas 52,000 10% ).

Looking at the science and engineering
deparm ents, some 19,000 people gradu-
ated from science departm ents, of which
7,000 36%) went on to further study,
9,000 @7% ) found employm ent, the re-
mamnder of 3,000 15% ) whom were un-
em ployed. Th additbdon, som e 102,000 stu-
dents graduated fiom engineering de-
partm ents, of which 27,000 Q6% ) went
on to further study, 63,000 (61% ) found
employment, and 13,000 (13%) wer
unem ployed. A1l of these figures had
higher percentages of people golng on t©
further study compared to the average
across all departm ents, and the percent-
age of unem ployed graduates w as low er.
One figure behind this is the differences
In genderm akeup of students 1n these de-
partm ents.

The follow ing section gives an over-
view of the sate of career paths for
graduates from science and engineering
deparim ents.
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(1) Trends 1 Academ i Advancem entand
Findihg Empbyment
Figure 2-3-7 looks at the career paths
foercentages of toal) of science depart-
m ents and engineering depanrm ents.

Over the whole period, In science de-
parments the percentage of graduates
going on to further study was welatively
high, and In engineering departm ents the
percentage of graduates finding em ploy-
m entw as relatively high, and the changes
show roughly the sam e shapes.

Looking at the percentage of graduates
who found employm ent, this figure fell
during the 1970s w ith the impact of the
oil shocks. This fluctuation corresponds
o the Icreased percentage of unem -
pyed graduates In the sam e pericd. In
subsequent years, the percentage m oved
sidew ays (€light Increase I science and a
glight decrease In engineering), but upon
entering the 1990s, the perentage of
graduates w ho found em ploym ent took a
great step backw ards. D uring this period,
we saw a dmmatic Increase In the per
centage of unemployed, a figure which
had been decreasing since the 1980s.

The percentages of graduates who find
employment and who ar unemployed
fluctuate n response t© the Inpactof the
econom Ic situation, as m entioned earlier.
On the other hand, how ever, the percent-
age of graduates going on to further study
has alm ost consistently Increased since
the 1970s. This figure has kveled off
m ore recently, how ever.
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@) Percentage of Graduates Finding
Em pbym entby hdustry

Some 72,000 students graduated from
science and engiheering deparm ents and
found em ploym ent. Looking at the m ain
hdustries emplying these graduates,
358% of graduates went o the m anufac-
turing ndustry, 29 9% wentto the service
ndustry, 15 4% went to the construction
Industry, and 8 0% wentto the wholesale
and reil industry. T additbon, some
16% of graduates w ere em ployed by the
finance and nsurance industyy'.

Figure 2-3-8 chow s trtends in the per-
centage of graduates employed by the
regpective Industries. The percentage of
graduates em plyed by the m anufactur-
Ing Industry, which was 675% 11 1970,
dopped to 432% atone time In 1979,
after which it ranged between 50% and
60% dn the 1980s. Upon entering the
1990s, however, it dropped right back
again, © rwach In 354% In 1997. The
figure did Increase slightly to 35.8% I



1999, how ever.

M eanw hile, the percentage of gradu-
ates em ployed by the service mdustry has
consistently Increased over this perod,
w ith a particularly m arked Increase being
cbserved 11 1993 and lateryears.

The percentage of graduates em ployed
by the finance and nsurence ndustry,
whichwas2 8% 1n 1990, has dropped off
t16% n1999.

Fhure 238 Trends 1 the ratb of
grduates em pbyed by the respective
ndustres
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2 4 Graduate School

241 Trends m Num bers of
G raduate Students

(L) Masters Courses

Th 1999, som e 65,000 pecple were ad-
m ited t© m asters courses throughout the
country. Locking at the breakdow n of this
figure according t© majpry, engineerng
was the highest of these wih 28,000
@43% ), followed by social sciences w ith
9,000 (14% ), and science wih 6,000
10% ).

Figure 24-1 chows the ttends I the
number of people adm ited to masers
courses In graduate school. The num ber
of stdents admited to oourses was
17,000 in 1980, which rose t© 24,000 in
1985 and then again to 31,000 in 1990,
which were both significant increases.
This tendency to ncrease stengthened
even further from the 1990s, but is slow -

Ing som ew hat In m ore recent tim es.

Looking atthe ncrease from the 1990s,
the overall num ber of students adm itted
to masters courses ncreased by a factor
of 21 from 1990-1999. Breaking down
these figures according to majpy, social
sciences fncreased by a factor of 31,
show Ing the greatest grow th, w ith engi-
neerng and science both increasing by
1.9, som ew hat low er than the overall rate
of grow th.

How ever, looking at the 1ate of contxi-
bution to the grow th of this period, engi-
neering, w ith a high num ber of students
adm ited, is the highest, and science w ith
9% , together accounting for 48% of the
grow th overall. I this way, of the dma-
m atic ncrease In the num ber of students
adm itted to m asters courses in the 1990s,
approxin ately half can be attrbuted to
the ncrease In science and engineering
courses.

Fure 24 -1 Trends 11 num berofstudents adm ited to m aster’s courses
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@) Doctorate Courses

Next, Bking a look at the number of
students adm itted to doctorate courses at
universities, n 1999 the towlwas 16,000.
Breaking down this figure this figure by
mapr In order of size, health accountad
for 5,000 (2% ), engheering for 3,000
0% ), and science for2,000 1% ), etc.

Figure 242 chows the ttends In the
num ber of people adm ited to doctorate
courses. n 1980 the figure was 5,000,
w hich mse t© 6,000 In 1985, and 8,000 In
1990, a great increase In the same way as
that experienced by m asters courses. This
ncrease strengthened even further upon
entering the 1990s, and although the
growth has slowed slightly In mecent
years, it is moving In wughly the same

w ay as the num ber of pecple adm ited t©
m asters courses.

The number of stdents adm ited In
1999 was som e 2 1 greater than the num -
ber n 1990, which again is show ing
sin flar grow th to that experienced by the
number of people adm ited to masers
ocourses. Breaking down the figures ac-
cording to majpr, growth I engineering
was the greatest at a factor of 24, ac-
counting for23% of the grow th rate (sci-
ence grew by a factorof 1 .9 and contrdb-
uted 10% to the gowth). In this way,
Iooking at the doctomate courses in the
1990s, just under 40% can be attrbuted
to an ncrease i the num ber of students
adm ited t© science and engieering
courses.

Fgure 242 Trends 11 the num berofstudents adm ited t© doctomte course
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242 Developm ents In Academ ic
Advancem entto G raduate School

A s dem onstrated above, it is clear that
the num ber of people adm ited to gadu-
ate courses In science and engineering at
university in recent years is grow Ing 1ap-
dly. Trends In the percentage of students
going on o such study are shown In Fig-
ure2-4-3.

Fgure 24 -3 Trends 11 the percentage of
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Firstly, Jooking at the figures for sci-
ence ocourses, from the 1970s ®© the
m id-1980s, the perentage of students
golng on t© masers courses was relha-
tively consant at around 15% to 20% .
The percentage of students then going on
from masers oourses t© doctorate
courses dropped from a level exceeding
50% to approxinately 30% . In the sub-
sequent years, up untl around 1994 the
percentage of m asters students going on
to doctorate courses ranged from betw een
30% and 35% , and the percentage of
graduates going on t© masers courses
ncreased from approxmmately 20% t©
around 35% . In thisway, wih 1985 as a

tuming point, the figures depict a lage
L-chape. n very rmwcent times, the per-
centage of students advancing t© doctor-
ate courses has dropped somewhat. On
factor n the background to this fall is the
Increased need by com panies form asters
graduates as adaptable fighting potential
I the developm entofnew products.

For engineering students, the mates of
advancem ent t© higher levels of educa-
tion are rlatively low er than for science
students, but they chow basically the
sam e m ovem ent. The tuming point I the
L -chape is earlier than that for science
students, occurring at the s@art of the
1980s.

243 EmplbymentofGraduates of
Graduate Schoolin Majpr
hdustries

(L) Masters Courses

In M arch 1998 some 29,000 students
graduated from m asters courses atgradu-
ate school. Breaking down these figures,
4,000 went on to further sudy @12% ),
24,000 found employment B0% ), and
2,000 (8% ) were unem ployed.

Further, loockIng at the percentage of
graduates emplyed In different indus-
trdes, the m anufacturing industry accounts
forthe m ajrity at 64 5% , follow ed by IT
and other service ndustries w ith 15 4%
and construction w th 5 9% .

Figure 244 chow s trends In the per-
centage of graduates em ployed by ndus-
try. A ccording to this graph, the percent-
age of students employed by the m anu-
facturing ndustty increased fiom  be-
tween 65% and 70% tbetween 70% and
80% up untl 1994, but in 1995 and sub-
sequent years it dropped to betw een 60%
and 65% .A s ifm aking up forthe ground
st by the manufacturing industry, the
percentage of graduates em ployed by the
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sewice ndustyy has ncreased In recent
years. In 1999, the percentage of gradu-
ates empbyed by the m anufacturing in-
dustry started to Increase.

Th addition, the percentage of graduates
employed by the finance and nsurance
hdusty was1l.7% 111989, butthis fellto
09% 1 1999.

Fgure 244 Trends 1 percentage of
graduates em pbyed n diferent nhdustry
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@) Doctomate Courses

In March 1998 some 4,068 people
graduated from doctorate courses In sci-
ence and engineering. B reaking that fig-
ure down, 6 graduates went on to further
sudy (01% ), 2440 found employment
60% ), and 1622 wer unemplyed
40% ).

The breakdown of em ploym ent by in-
dustry is toally different to that form as-
ters courses, w ith the highestyating sec-
tor being education and other service -
dustries wih 496% , folowed by the
m anufacturing ndustres w ith 29 0% and
public servicew ith 91% .

Figure 245 looks at the trends In the
percentage of empym ent to the m anu-
facturing and service ndustry. A coordng
to this graph, the m anufacturing industry
employed 26 4% of graduates In 1987,
and this figure has tended t© Increase
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over the subsequentyears.

Looking at the percentage of graduates
of doctorate courses who were unem -
pyed, In the late 1970s the figure for
sCcience gmaduates was  approxin ately
60% , and approxinately 30% for engi-
neering gmduates, a tEmporarly high
Jevel for both courses, but in the subse-
quent years these figures have generally
been In decline Figure 24-6).W ih the
deterioration in the econom ic situation in
the late 1990s, how ever, this figure has
been rising again.

Fgure 24 -5 Trends 1 percentage of
graduates em pbym entto the
m anufacturng and sewie ndustry.
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Fgure 24 -6 Trends 11 the percentage of
unem pbyed doctomte course graduates
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2 5 Num berofPersons
Obtaining Degrees

251 Trends I the Num berof
Doctorates Conferred

The num ber of doctomtes conferned is
regarded as an in portant ndicator In as-
sessing the quality of science and tech-
nology hum an resources.

Figure 2-5-1 shows the ttends In the
num ber of degrees conferred according t©
m ajor. The num ber of degrees conferned
refered to here is the num ber of degrees
conferned (so-called new doctorates) con-
ferred In a particular year in accordance
w ith degree mules. n the early 1970s the
num ber of degrees conferred, which had
stopped atbetw een 4,000 and 5,000, con-
gistently increased from the Jate 1970s, to

the pointw here itexceeded 8,000 degrees
n 1986. In the follow ng years the n-
creasing tendency strengthened, reaching
13,921 degrees 11 1996

Looking at the breakdown of the de-
grees confened I FY 1996 according to
the majr majprs, there were 6,800 de-
grees n health m edicine, dentistry, phar-
m acology and health studies), acocounting
for 48 8% of the total. Some 1,315 de-
grees (94% ) were conferred In science,
while 3411 degrees @4 5% ) werr con-
ferned In engineering.

Looking at the percentage of the total
accounted for science and engineering,
since FY 1970 these percentages seem o
be decreasing som ew hat. H ow ever, engi-
neering tumed around to an Increase from
around FY 1988 and science sarted in-
creasing fiom FY 1991.

Fgur 2-5-1 Trends 1 the num berofdoctomtes conferred
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Centerto Uniersty Educaton, H Ioshin a Un¥ersty. Fures foryearafter1986 are based on data fiom M hkstry Educatbn.

See:appendkx @bk 2-5-1
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Figure 2-5-2 chow s a breakdown of the
number of course doctorates and the
num ber of dissertation doctorates for the
num ber of degrees confernred in science
and In engheering, as well ttends In
those figures. The number of degrees
conferred In science was moving side-
ways In the 1980s, but from FY 1991 and
onw ards it sarted increasing. Looking at
the breakdown of course doctorates and
dissertattion doctorates, over aln ost the
w hole period, the num ber of course doc-
torates exceeded the num ber of dissera-
tion doctorates. In recent tines In par-
tecular, the ncrease n the num ber of de-
grees can be attrbuted alm ost com pletely
to the lncrease n the num ber of course
doctorates. Such doctorates account for
approxin ately 75.7% of the total.

In ocontrast, the number of degrees
conferred In engineering has mcreased

alm ost consistently over the w hole period.

From the late 1980s In particular, this In-
creasing tendency has become much
stonger. LookIng at the breakdown, in
contmast to science, the num ber of disser-
tation doctorates exceeded the num ber of
cour=e doctorates overvirtually the whole
period. M ore recently, how ever, the mn-
crease Tn the num ber of course doctorates
has been partcularly marked, as is the
case w ith science, Increasing to the extent
that they Increased the num ber of disser-
tation doctorates i FY 1992. Tn 1996
some 62 8% of the ©@al number of de-
grees conferred were course doctorates.
In the background to these trends are the
recent Increases In the num berof students
going on to study atgraduate school seen
nSecton242.
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252 htemationalCom parison of
the Num berofDegrees Conferred

Figure 2-5-3 chows an attempt at an
Intemational comparson of the number
of doctorates conferred per 1 m illion head
of population In FY 1996. Care needs to
be taken over the fact that there are dif-
ferences In the nature of degrees fiom
country to country, but according to these
figures, G em any is the country w ith the
largestnum ber of pecple w ith doctorates,
w ith 279 per 1 m illion head of population.
Gemany is followed by the U K. wih
174 people, the U S.wih 170 and Japan
wih 111, mwughly one-quarter of Ger-
many s num ber, and justover 60% of the
kevelsntheU S.and theU K ..

LookIng at the percentage of the toal
accounted for by majpr according t©
country, US tends to have a laxge num ber
I arts, the U K . has a large percentage In
science, and Gemany has a large per-
centage In m edicine. Japan has the char-
acteristic that the percentages of degrees
n engineering and mediche are high
com pared to other countries
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Fgure 252 Trends 11 the num berofdoctorates cofened (course and dissertation)
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Fgure 253 htematbnalcom parison of the num berofdoctorates confered
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Chapter3 R &D System sand the Public Sector

From Chapter 3 to Chapter 5, we w ill survey the R& D activites of Japan and otherm ajor in-
dustrialized countries, using m ainly data related © R& D expenditures and hum an resources. A 1-
though thisdata is Iin ted to R& D Inputs, enabling us to gain an undersanding of only one agpect
of R& D activities, the rwlatively detailed satistics that can be captured m ake the inform ation pro-
vided an In portant ndication of the mtemal organization of R& D system s and activites.

This chapter w ill exam ne the R& D of a whole country as a single system , using indicators to
gam a clearpictire of the overall appearance of the system .W e w ill also be paying close attention
to the public sector, w ith an analysisof isR& D activides, 1 additon to the funds it provides t©
other sectors, and the finctions responsble foroverall adjustm ents. W e w i1l also discuss the tech-
nology-related foundations thatplay a sin ilarrole to the govemm ent’s support fimction.

are roughly on a parw ith each other.

3.1 htemationalCom parison of Japans R& D expenditures reached 16 1399

R&D System s tdllion yen in 1998%,a2 5% increase overthe
previous year (157415 trllion yen). After
oconsistent growth I Japans R&D  expendi-
tures up untl the beginng of the 1990s, a de-
cline was recorded In 1993 and 1994. From
1995, however, the trend shiffted to gmowth
once again, wih consecutive Increases re-
corded over4 years until 1998.D espite a slug-

311 Long-tem Trends m R&D

To begin wih, we will discuss the total
R&D expenditures foreach country in orderto
gamn an overview of the scale of R& D and gen-

eral trends In selected countries, ncluding Ja- gish econom y, these Increases occuned due t©
pen. A though every effort was made through 3 govermnm ents large contrbution tow ards

the OECD and =0 on to ensure unifom iy m hnoloay-relatad g i1 addition ©
the anvey methcladS Bor R‘S,‘D @@eno'lljmxes, the continuation of the industrial sectors R & D
there are som e differences I the details and expendi A more detailed Tais of this
the survey methods fiom country to country. badkground w il be discussed Tater.

A s a rault, a rgomus com parison is difficult A Tthough it is not possble © yeard

u1.'1der ,fﬂ,e present cioum sances. M 0@va, trends from the graphs alone, due t© the mflu-
smce If IS necessary to ocl>nvert curencies to ence of cy conversion, it is clear that
com pare t,he R&D @cpmdm ﬁ)rlead:t coun= from the outset of the 1990s, there was a stag-
try, it is mpossble t© avoid the :[nfluenoeo.f nation or a d 1 R&D expends n
factors unrelated © R&D . The I'Q& D. expendi- all countries except Japan . The exception is the
UJlesbreachloountty sl'llown n tis chapter U S., where there w as a ram arkable Increase n
axeoonv'erted Jntoyer?.usmg the OECD 5GDP R&D expends during the late 1990s.
purchasing pow erpariy .

Figure 3-1-1 chow s the @l R& D expendi-
tures for each country . Because the ©@lR&D
expendiures are largely determ ined by the size

% W hen totaling the R&D expendires w ithin the lin its of the

of the econom y of each country, the U S.over-  fiscal year, there are differences betw een countries. Consequently, in
. this chapter we usually use "anmual' for the sake of temational
w heln s the other countries, follow ed by Japan, eons. W ih 6 to individual data, "Fcal year® is uesd

Gem any, and then France and the U K ., which when i ism ore convenientto do o.
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Fgure 3-1-1 Trends 1 gross dom estic R&D expendiures i sekcted countres
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A) -The am ountofm oney 11 1998,1999 ofthe U S . & esewe valie.The am ountofm oney 1 1998 of France & provisbnalvalie.
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valie)
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See:appendx @bk 3-1-1



Follow Ing is a comparison of R&D expen-
ditures w ith consideration to the size of the
econom y of each country. Figure 3-1-2 show s
““a comparson of changes n R&D expen-
ditures relative to GD P’ This indicator show s
the degree of focus received by R&D In each
country, and since it does not require cunrency
conversion, it is often used for mtemational
com parisons. The values them selves are also
discussed aspolicy obectives.

From a long-term perspective, the R&D ex-
penditires of each country increased as a per-
centage of GD P grow th from the 1970s to the
1980s. During most of the 1980s, the R&D
expenditires of all 5 countries exceeded 2% of
GDP. However, fiom the late 1980s to the
early 1990s, the grow th rate slowed down or
even fell. During the late 1990s, the mates be-
tween the countries diverged, with continual
declines for the three European countries, but
w ith Japan and the U S . experiencing Increases
once agai.

Japan reached the highest level of the 5
countries In 1989 due to Increases after the
1970s, and has mantahed that satus ever
since. D egpite a decline during the 4-year pe-
riod from 1991 to 1994, the mate began t©
clinb again from 1995. The mate for FY 1998
was 3 26% ,which isa 014% ncrease overthe
previous year. The Increase 1 1998 w as partly
Ifluenced by a rduction In the GDP com -
pared t© the previous year, and degpite m oder
ate Increases I the GDP fiom 1995 t© 1997,
the greater nfluence was the increase n the
R&D expendiires itself, relative to GD P.

The ate for the U S. fell significantly fiom
1992 to 1994, but clinbed again after that t©
259% I 1998 - a rlatvely high level com -
pared to the past. A fier ranking top of the five
ocountres In 1987, Gemany’ s mte fell ©
228% in 1997. However, it is necessary to
bear In m ind that around 1991, the scope of
data changed for G em any w ith the ntegration
of data for East Gemany In 1991. France
chow s a m oderate but aln ost consistently ris-
g trend from the late 1970s t© the early

63

1990s, peaking I 1993 and then fallng to
226% In 1997.The U K. rached a peak of
2 42% 1n 1985, and the mate has declned since
w ith the exception of 1993. The increases in
theGDP forGem any and the U X . from 1990
onw axds are also factors behind the declining
mates forthese countries.

Fgure 3-12 Trends 1 atb ofgross dom estic
R&D expendiures to GDP 11 selkcted
countres
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Source:R&D expendiures -sam e as fgure 3-1-1
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N ext, we discuss the num ber of researchers
for each country. The difficulty w ith the cur-
rent statistical data conceming the num ber of
researchers is the lack of unifom iy In the
definiton® and method for m easuring the
num bers of researchers betw een countries.
Nonetheless, by examining the data for
changes In the num ber of researchers for the
m ain countries in Figure 3-1-3, we can see that
the num ber of researchers n the U S. exceeds
the other countries by a wide margin during
the period shown. The country w ih the next
larg-est num ber of researchers is Japan, w ih
733,000 n 1999.

The num ber of researchers in Japan has been
Increasing at an alm ost consant mte through-
out the period digplayed. A s described below ,
this Increase is largely due to an Nicrease in the
num berof researchers n the industrial sector.

The num ber of researchers n the U S. In-
creased greatly from the late 1970s. A fler the
runification of east and west, Gemany ex-
perienced a slightdecrease n 1993, which was
largely mfluenced by the num ber of regearch-
ers In the Industrial sector. D espite a decrease
In the num ber of researchers in the U K . firom
1989 to 1991, ther was an upward trend In
subsequent years. The number in France has
consistently risen. In all of the countries, the
number of researchers n the dustrial sec-
toracocounts for 60% to 80% of each systEm,
and fluctuations in these nmumbers lbrgely

® The definiton of "researcher" is described below . The temm
"researcher” In this book conesponds to the term "R& D scientists and
engineers" used n the OECD sFrascatiM anual. This definition covers
“goecialists engaged In new nfom ation, products, m anufacturing
m ethods, processes, and system planning and creation, together w ith
the m anagem entduties attached to these

For Japan, the iems wefened to as "full-tine researchers" In the
M anagem ent and Coordination Agency s statistics [5], are referred to
as "researchers" In this bock. T the M anagem ent and C ocordination
Agency s satistics, "full-tin e researchers" are defined as "university
excluding junior college) graduates (or those possessing specialized
know ledge at the sam e Jevel or higher) w ith over 2 years of research
experience, and canying out a specific research them e" w ithin each
facility and those m ainly canrying outresearch.

I the M anagem entand C oordination A gency s statistics, "research"
is classified as basic research, applied research and developm ent
research, w ith the "fll-tin e researchers" canrying out these activites
being wughly equivalent to the OECD 5 "R&D scientists and
engineers."
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dom nate the changes in the number of re-
searchers.

Fhure 3-13 Trends 1 num berofR &D
ScEntets and engiheering h sekcted
countres
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U K.-OECD, “Mah S&T hdrators 19992 (‘Fomward bok™ up
© 1992)
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M oreover, the method used for m easuring
the number of researchers n Japan differs
from the Full Tine Equivalent FTE) m ethod
used In most countdes, which creates many
problem s for m eking com parisons w ith other
countrdes. Under the Full Tine Equivalent
m ethod of counting researchers, the details of
researchers activities are taken mto consid-
eration, excluding time which is assigned to
activities outside of research® . As a result,
there appears t© be an overestim ation of the
num ber of researchers 1 the curent statistics
for Japan rlative to other countres. T addi-
tion, sihce the personnel expenditures of re-
searchers is included In R& D expenditures, it
would appear that the statistics for Japan are
overreported. Full T in e Equivalent estim ates,
which are based on a varety of resuls, are
shown In several places n thisbook . H ow ever,
the data shown here is based on statistics used
up untilnow . This isbecause it is data thathas
becom e w idely circulated, and to gain a clear
picture of long-tem trends, under the curent
circum - stances this data ism ore suitable.

N ext, we w il attem pt an temational com -
parison that takes the scale of each country
nto acoount according to the num ber of re-
searchers rlative to the population or the
working population. Figures 3-14 and 3-1-5
show the number of researchers per 10,000
people and per 10,000 w orkers respectively. Tn
both cases, Japan’ s values are high com pared
o the other selected countries. The w idening
gap becom es particularty noticeable starting n
the 1990s, w hen the num bers forthe U S. and
Gem any continually declined, while Japan’s
10%e.

® For example, if a 60% of a msearchers activities In a oneyear
period are spenton R& D, he is counted as 0 6 of a researcher (orm ore
accurately, 0 6 peryear) .
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Fhure 3-14 Trends 1 num berofR &D
ScEntsts and Engheering perpopubton
1 sekcted countries
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Popuktbn/Japan — M anagem ent and Cooxdhatbn Agency, Sta-
tistics Bureau, “Reporton the Suwey ofResearch and De-
vebpm ent’ “Popubton Estinates Yearbook Home Page
as ofO ctoberl,1998”.
U S.— NSF, “NatbnalPattems of R&D Resources 1998
Gemany, France & U K.—O0ECD,“Mah S&T hdrators”

See:appendx @bk 3-14
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Foure 3-1-5 Trends 1 num berofR &D
ScEentists and Engiheerper Bborpopubtion
11 sekcted countries
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H ow ever, as stated earlier, because the num -
ber of regearchers n Japan isnotbased on Full
Tin e Equivalent, these values have been over-
estinated In comparson t© other countres.
Consequently, we have estimated the Full
Tin e Equivalent values for the num ber of re-
searchers in Japan, w hich are shown n Figure
316 alng wih the other countries. These
values are notactual Full Tin e Equivalentval-
ues, but are estin ates based on data from vari-
ous surveys. A1, because the most recent
data has been used forall countries, the survey
years differ from country to country . H ow ever,
since the fluctuations over tim e In these values
are not large, it ispossible to com pare them .

A lthough there is a significant r=duction mn
the num ber of researchers per population and
per w orkIng population from the origmal estd-
mate for Japan, it sdll exceeds the levels for
Gem any, France, the U K . and so on. Forex-
ample, n the U S., only researchers who have
cbtained doctorates n the U S. are counted as
university researchers, which, conversely t©
Japan, could be considered to be an un-
derreporting of the real situation. A s a result,
although it is possble that the num ber of re-
searchers per head of population or working
population exceeds that of Japan, a suiable
m ethod of estim ation hasnotbeen found In the
present ciroum stences. Sce the university
Sector is particularly in portant in the estim ated
Full Tine Equivalent (estmated) values for
the num ber of researchers n Japan, thisw illbe
discussed In more detail In Chapter4 Figures
4-13and4-15).
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Fgure 3-1-6 NumberofR &D ScEentsts and
Engheerng by sectori sekcted countres
foer10,000 popubtbn and perl,000 Bbor
popukbton)

PerPopulation

UK. PerLaborPopulation

France

G em any

Us.

Japan(]
Statstcs Valie

Japan[FTE
Estin ate Valie
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Num berofR &D ScEntists & Engheers per Populton/Labour
Popubtbn fpersons/10,000 popukton)

100
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Note:1) Japan B 11 1999, U K.and France ar 1 1996, G em any
andU S.ar 111995.

2) FTE estin atbn valie ofJapan & based on the ©Ibw hg
estin atbn based on the varbus wsuls ofan hvestgaton
aboutactivty ofa researcher. h the un¥ersiy secton,

the ulltin e conversibn equivakntvalie ofthe num berofteachers
was estin ated at 89,000 persons based on the data of the
varbus omgans concemed etc. The gmduate schooldoc-
tmrlcourse registered person, the m em ber of the m ediral
staff, etc. mulpled statstcs valie by one ha¥wih efer
ence to the method of many Hrefn countres. T the -
dustralsectbn, statistics valie was m ulpled by 0.7 based
on the ®msuls of an hvesthaton of the Natbnal hhstiute of
Scence and Technobgy Polcy.

Source: k& the sam e as thatof fgure 3-1-1.However, FTE com -
pensatbn coeffcent 5 rem oved.

See:appendi tabk 3-1-6 and bk 4-15
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The C lassifications ofO rganizations In the R&D Statistics In Selected
Countries

The organizations in the R&D satstics of
each country are generally classified nto four
sectors: governm ental sector, university sector
(or academ ic sector, w hich consists of univer-
sities and affiliated nsttutes), ndustrial sector
and private non-profit sector. How ever, this
classification som ehow differs betw een coun-
tdes due to differences In organizational
structures and nsttutions. Therefore, we will
explain the classifications 1 the R&D satis-
tics In each of sslected countries. The charts
below show an overview of the classifications
of omganizations in each country. They are
draw n on the bagis of the follow Ing principles:

1) R&D funding sectors are shown I the
upperpartof diagram swhile R& D perform ing
sector In the low erpart.

2) The R& D finding sectors which are only
responsible for perform ng R&D Inside are
om ited. For exam ple, private universites in
Japan perform R&D by using both extram ural
funds and theirown funds, and rarely disourse

externally . Such a sector is exhibited only as a
R& D perform ing sector.

3) The lnes connecting organizations in the
upper and low er parts show the rlationships
between the organizations, wih a solid line
representing direct contiol and a broken lne
rEpresenting supervision.

(1) Japan

In Japan, R&D funding insttitions often
provide finds on the insgtutional basis t©
R&D perform ing nsttutes which are directly
controlled or supervised by them . Tn the “gov-
ermm ental sector’, national universitdes and
national R&D mnstdtutes them selves are gov-
emm ental nstitutes. R esearch nsttites w hich
have the status of public special corporation
are not govemm ental nsttutes, are supervised
by the governm ent and are provided finds by
the govemm ent as an insttutional basis -
cliding the form of capial nvesment. M u-
nicipalites have m unicipal universites or col-

Man R&D O mgankatons i Japan

i 1
nf;f_’ctté 4t centralgovemm ent govelljz(fri onts
undatons L s
ptc ' the sae) m unicjpalies)
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spechl natonal publc private natbnal munipal
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hdusty gseamh copomtbn hstutes research
hsthites research hsttes
hsttutes
govemm entresearch uniersikes
hstiutes (secton)
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leges and publicl/-esablished testing and re-
search nstitutes which are provided finds as
the nstghitional basis by the m unicipal govem-
m ents.

M Inistries and agencies m Japan also dis-
tdbute exttamural R& D fimds on the project
basis © the organizations which are not di-
rectly controlled or supervised, although the
am ount is not o large. Such finds nclude the
G rants-n-A id for Scientific Research and the
Special Co-ordination Funds for Prom oting
Science and Technology, w hich are distrbuted
o R& D perfom Ing sectors through m nistries,
agencies or public special comporations for
funding.

Ih addition, “private research mnsthites”
m Ingle non-profit research institiutes, such as
public interest corporations, and organization
established by private com panies. Therefore, it
is required to be carefill that “private research
nstghites” in Jagpan do not mean private
non-profit nsgtutes. This differs fiom many
other countries.

@) The Unied States
In the U S., the federal goverm ent owns
notonly directly-controlled research nstitutes,

so-called govermm ent-owned govemm ent-
operated mnsttutes GOGO ), butalso nsttutes
operations of which are comm itted to pri-
vate gector, so-called govermrm ent-ow ned con-
tractoroperated nstitutes GO CO ). The m ajor
exam ple of the fom er type is the N ational In-
sttutes of Health N IH ), which is well known
as large-scale insttutions. The latter are also
called as Fedewmlly Funded R&D Centers
FFRDCs), which are provided R& D finds as
the institutional basis by the federal govem-
ment and are comm issioned the adm inista-
tons to universities, private companies and
private non-profit nstates based on contracts.
Th this report, FFRD C s are classified according
to the types of organizations on the operation
sides. Forexample, a FFRDC comm issioned
to a university is classified nto university sec-
tor.

The federal govermm ent also provides R& D
perform ng owanizations thwugh other
m echaniam s. stitutions such as the N ational
Science Foundation (NSF) and N H distdbute
R&D funds as a profgct basis. D eparm ents
and agencies also comm ission R& D o univer-
sity, Industty and private research organiza-
ton.

Mah R&D O mgankatbns i the Unied States
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hdustry
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3) Gem any

The Geman R&D system has a characteris-
tic of a dual stucture of federml Bund) and
sate [Land). M ost of universities are estab-
lished by sates. A nother characteristic is that
majpr govemment-finded R&D perform ing
nsthites are private. They are fimded by both
of the federml govemment and the sate
govemm ents as the Insttutional basis. The
funds of the federal govermnm ent are firstly dis-
bursed to “interm ediaries”, such as the head-
quarters of the M ax-Planck Socity ™ PG :
M ax-Planck-G esellschaft) and the Fraunhofer
Society FhG : FrauhoferG esellschaft) .
Then, the finds are disrbuted Nnto the sub-
orinate regearch omganizations, such as the
M ax-Planck Insttutes M PI) and the Franhofer
hsttutes FhI). These private research instd-
tutes strongly have the public characteristics.
I this chapter, thersfore, these research instd-
tutes and regearch nsttutes directly controlled
by the federal goverm ent and the sate gov-
emm ents are classified nto “governm entaland
private research instifutes” . The research instd-
tutes directly controlled by the governm ents
are not large. A s for finding nstitutions on the
project basis, DFG D eutsche Forschungsge-
meinschaft) funds to universities. Mnsttutions

called as project agencies Progktirdger) dis-
trbute projctiasis finds of the federal gov-
emm ent.

@) France
I France, m ajor govemm ent-finded R& D

perform ng nsttutes are higher education es-
tEblidments and research public es@blish-
ments, which have the legal personality and
the financial autonom y. The higher education
establishm ents Include university and technical
nstutes @randes écoles) . The research public
esEblidments consist of manly govem-
mentfinded es@blishm ents conducting S& T
activities EPST : é@blissem entpublic & carac-
tBre scientifique et technologique), esablish-
m ents required to seek finds from private sec-
tor EPIC : éablissem ent public & caractere -
dustriel et commercial) and es@blidm ents
conducting adm nistative m issions by govem-
ment fimds partly including S& T activibes
EPA : éablissement public & caractre ad-
minisratif). The research public es@Eblich-
ments are classified nto “govemm ental re-
search nsttites” in the satdstcs, although
EPTC fallsunderprivate law .

ManR&D O mgankzatons 1 Gem any
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hdustry govemm ent state
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Lander)
ntem ediry
nstiutbns; progctinding
eg.MPG,FhG, hstiutbns;e g.
HGF,WGL,AF DFG
private research diectly diectly
ndustry nsthutes controled controled
govemm ent funded); research research
eg.MPLFhLHGFZ, nsthutes nstihites unwersies,
WGLLAFL govemm entresearch n- hstiute oftechnobgy
stutes

70




The C hssficatons ofO rganizaton i the R&D Statstcs h Sekcted ountres

Som e of these stifiutes not only perfom
ntramualR& D butalso are able to comm is-
sion ressarch to higher education esablish-
ments. In additon, some research unis of
the research public establishm ents of EPST,
such as CNRS (Centre National de la Recher-
che Scientifique) and INSERM (Ihsttut Na-
tional de lJa Santé et de la Recherche M &di-
cale), are esablished In the facilides of uni-
versities and university hospials to provide
research flnctions.

(5) The Unied K ingdom

TheU K .R&D system has the characteristic
that the govermm ent entrusts m any authorites
to the subordate insttitions. The govem-

m ental departm ents and agencies are regoonsi-
bl forR&D w ith sgpecific m issions and have
ditectly controlled research nsthites. Re-
search Councils are enttusted by the govem-
ment for R& D w ithout gpecific m issions and
then disdbutes finds to R& D perform ing sec-
tor. There are six Research Councils, which
have the function of fimding and are es@b-
lished by research field and some of which
have subordhate research institutes and cen-
ters. The research funds for universities are
alo disrbuted thwugh H igher Education
Funding Councils HEFCs). Each HEFC @nd
their equivalent 1 N orthem Teland) is estab-
lished In England, W ales, Scotland and N orth-
em Treland.

Mah R&D O mgankzatons i France
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312 R&D In the hdustrial, Academ ic
and Govemm entSectors

Although the R&D system of an entire
country is made up of various activides, the
m ost general classifications are based on the
public sectorand the private sector. From  there,
the sectors can be furtherdivided nto four sec-
tors: the university sector (or the academ ic sec-
tor w ih fBeilites connected to universites),
the Industrial sector and the non-profit, private
sector, which are part of the private sector.
Refer to “The C lassification of O rganizations
w ithin the R& D Statistics of the M ajor Coun-
tdes’”) . This book m akes com parisons on the
conditons In each country based on this di-
vision of sectors. The R& D conditions of each
sector and the Intemational com parisons of
those conditions are dealt wih In separmte
chapters or sections. Here, w e pay attention to
the source of disdbution of R& D finding to
each sector, and make a com parison betw een
theR&D system sof each country .

For the breskdown of R& D expenditures by
sector, there is an in portant indicator w hich
show s the characteristics of the R&D system
of an entire country. W ith this Indicator; it is
necessary t© consider not only the R&D ex-
pendires associted with the sectors using
the funds, but also the sectors regponsible for
providing the fimds. Figure 3-1-7 chows the
R&D expenditures broken down nnto the
source and usage ratios by sector. W ith regard
to the source of R& D expendiires, there are
many cases w hich inclide a foreign source In
addition to the four sectors m entioned above.

This source has been Included In ““O ther”” here.

However, for the U S. satdstcs, there is no
distinction for foreign sources.

h every country, the ndustrial sector ac-
counts for the largest porton of both the
source and use of research finds. The current
data clearly show s that ndustry is the greatest
driving fore behind tedimmology. This is
clearly shown by exam ining the R&D ex-
pendiires from the usage side (ie. the sector
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Inplem enting R& D ) given that the usage matio
for the industrial sector exceeds 60% In each
country .

Fgure 3-1-7 Ratb ofR&D expendiures by
sources and perom ers 1 sekcted
countres

B hdustres OGovemment OUnverikes 00 thers

U K.1997

Perfom er

Source

France 1997

Perfom er

Source

Gem any 1997

Perfom er
Source

U S.1999
Perfom er
Source
Japan 1998
Perform er

Soure

50%

100%
Ratb ofR &D Expendiures'Sources and Perom ers

Note:Referto boxed iem s “The C hssifcatbn of O ganzatons h
the R&D Statistics of sekcted countries™

Soure: Japan, US. and Gemany — Same as Fgur 3-1-1,
France — “Basit Scence and Technobgy Statstis 19997,
U K.— “W hie Paperon Scence and Technobgy’

See:appendi tabk 3-1-7

I comparison, ther are apparent differ-
ences betw een the countrdes w ith regard to the
Industrial sector” s position as the provider of
R&D funds.W hile there isnota big difference
betw een the provision and usage of funds by
the ndustrial sector In the U S. and Japan,
there is a big difference n France and the U K .
The reason for this is that ndustry in France
and the U K . receive a laxge amount of R& D
fimds from the govermm ent and firom abroad.
This poInt is expressed in greaterdetail n Fig-
ure 3-1-8.Japan’ s ndustrial sector is the only



one among the 5 countries which provides a
largerpercentage of funds 68 3% ) than ituses
669% ).

There are significant differences between
countries In the ratio of fimds provided and
used by govermm ents. The mtio of finds pro-
vided by the Japanese governm ent is the an all-
est am ong the five countries, while ituses the
second to Jleast funds, affterthe U S. These 1a-
tios are a source of debate with 1Egards t©
R&D expenditres by the govemm ent, espe-
cially 1 Japan, where it is frequently the point
at issue forpolicy form ation.

The ratio of fimds used by Japanese univer-
sities is the highest am ong the five countries.
This is partly because of the overestim ation
w hich occurs due to the Full Tin e Equivalent
problem m entioned above. A though the data
for appropriately in plem enting the estim ation
of FullTim e Equivalent forR & D expenditures
is nadequate, based on the estmated Full
Tine Equivalent values used In Figure 3-1-6,
the percentage of funds used by Japanese uni-
versites is 16 3% *. Since the estin ated val-
ues are probably low er than the actual values,
the percentage of funds used by Japanese uni-
versites is not mnsignificant from an ntema-
tional perspective. N onetheless, a conclusion
cannot be easily drawn, and mor complkte
m ethods for satistics and com parisons are de-
sirable.

A nother characteristic of Japanese universi-
tes is that they provide 91% of R&D funds
[l the highest am ong the five countries. Even
I the U S., which ranks second behind Japan,
this ratio does not exceed 3 2% . The m ajrity
of the finds provided by Japanese universities
com e from private universitdes.

Follow Ing is a comparison of the flow of

“ From the beginning, the personnel expenses for each type of
R&D occupation (esearchers, assisant researchers, etc.) should be
calculated by teking advantage of the individual R& D em ploym ent
mtes. How ever, since the breakdow n of personnel expenditires or the
em ploym ent 1ates of those engaged 1 R&D (other than researchers)
are not clear, w e have based the em ploym ent rates of researchers (the
values used for the estmates In Figure 3-1-6) on the personnel
expendires forall those engaged in research.
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R&D expenditures for each sector, n each of
the five countries, as an mdicator of the =la-
tionships betw een the sectors. These =lation-
ships appear In Figure 3-1-8, and chow the
flow of fimds from the sectors providing the
funds to the sectors using them , depicting the
R&D system of each country i m ore detail.

Th Japan, the meager flow between the dif-
ferent sectors is an overall feature of the sys-
tem . This is egppecially te for the flow of
funds fiom the govemm ent, m ost of which are
concentrated in govermm ent facilibies and uni-
versities. The perentage of expenditures
flow Ing to the industrial sector is small com -
pared to the other countres. In addition, the
m ajority of funds from the governm ent to the
universities go t© govemm ent facilites in the
national universities, wih few expenditires
going to the other sectors. Tn com parison t© its
function n providing finds t© other sectors,
the Japanese govermm ent plays a soonger role
n carrying outR& D fimctions. From this per-
Spective, the governm ent” s position w ithin the
R&D system has a slightly different character
than that n other countries.

The enomous flow of finmds wihin the
Japanese industrial sector can be seen friom the
grph. This is the m ost comm on feature of all
the countries: w ithin the flow of regearch fimds
betw een each of the sectors, the flow from m-
dustry t© ndustry is the largest. In the case of
Japanese ndustyy, the R& D funds received by
hdustry fiom other sectors is the anallest
am ong the five countries. On the other hand,
the flow of R& D expenditures from Industry to
other sectors is ehtively large. Further, the
R&D funds flow ng fiom the ndustrial sector
to privately operated research facilites is com -
paratvely large. How ever, when making this
com parison betw een countries, it is in portant
to be aw are of differences In classification. Th
other countries, these facilides are classified as
non-profit facilities, as opposad o being “pri-
vately operated research facilites” in Japan.



Chapter3 R&D System s and the Public Sector

N ext, we describe the characteristics of the
other countres. lm the U S ., the flow of R&D
expendiures from the govemment to the -
dustrial sector is large, and accounts fora large
percentage of governm ent expenditures and of
funds received by the ndustrial sector.

Ih Gemany, there is a sizeable flow from
the govermm ent to universities. M oreover, the
govermm ent sector and non-profit private sec-
tor In G em any are grouped together, w ith the
flow s w ithin this sector acoounting fora com -
pamatively large percentage of the total. The
m ajprity of non-profit, privately operated re-
search facilities n G erm any are m ainly funded
by govermm ent, and play the sam e wlk as the
govermnm ent research facilites n other coun-
tdes.

I France, R&D expenditures by the gov-
emm ent acoount for a elatively large percent-
age of the expenditures used by research facili-
tes In each sector. O £ particular note is the
flow from the govermm ent to the govermrm ent,
w hich exceeds the am ount flow Ing to universi-
tes. In the U K., the govemm ent provides
mwughly the sam e am ount of fimds to universi-
tes and govermm ent research facilites. M ore-
over, flows t© the ndustrial sector are rla-
tvely large.A large am ountof funding is also
received from abroad.
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Fur 3-1-8 R&D expendiurs Fbw n sekcted country
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C)Gemany (1997) [LO0 m illon Yen]

[Performar]
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Note: 1) Research and devebpm ent costs other than Japan were convered hto Japanese cunency (Yen) usihg the purchasihg power party of
OECD . kom ited aboutthe Ess than 10 billon en fow by a diagram , and the dotted Ine showed the Ess than 50 billon yen fow of10 bilton

yen ormome.

2) About the omgankzaton chssiftaton of each country, £ & ®mfmhg to the boxed iem

search-and-devebpm entstatistics ofa m aprpower”.

Soure:sam e as fgure 3-1-7
See:appendk tabk 3-1-8
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TheR& D expenditures by sector show m ore
changes over tine. Herr, we exam ne the
changes In the position of each sectorby coun-
try, according to changes in the percentages of
R&D expenditires foreach sector. Changes in
the percentages of fimds provided by each
sector will be keft to a later analysis of the
govemm ents (In Section 3 2) and universites
(In Chapter4).

TIfwe look at the breakdown of R& D expen-
ditures by sector in Japan Figure 3-1-9), the
ato for the industrial sector increased durng
the 1980s. Conversely, there was a dow nw ard
trend In the mto for university and govem-
m ent research facilities. n contrast to the ratio
for industry falling from 1992, and leveling off
after that, there was a slight upward ttend of
the mto for university and govermm ent re-
search facilites n the 1990s.

In the U S., there is an obvious long-tem re-
duction In the mto for the govemment re-
search faciliies. On the contrary, the ato for
universities show s an upw axd trend over the
Iong tem , show Ing a grow Ing nfluence I the
R&D sector. Further, degpie a large crease
I the actual amount of R& D expenditures by
the Industral sector, (e Figur 5-1-1 I
chapter 5), there was not a particularly large
change in the usage ratio.

In Gemany, France and the U K. the
changes are relatively an all com pared to Japan
and the U S. The matio for universities n all
three countries rose slightly. b Gem any and
the U K ., the ratio for industry decreased in the
1990s compared to the 1980s. On the other
hand, the matio for mdustyy == In France,
while the ratio for govermnm ent research facili-
tes show ed a dow nw axd trend.

Fhure 3-1-9 Trends 1 R&D expendiures and mtb by perfom hg sector h sekcted countries
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Note: Data are the totml natuml science and hum anites/kochal
scknce. Data for Japan hclide sofiware hdustry sihce
FY1996.

The num eritalvalie hh 1998 of France & assum pton valie.
Gem any & contaned n the federmlgovemm ent.

Sourwe:Japan,U S.— same as Fgure 3-1-1
G em any — “Faktenbertdht 1998
France, UXK.— “Man S&T hdrators 19992, “Bast Sci
ence and Technobgy S tatistis 1998”

See:appendx @bk 3-1-9

If we look at the percentage of researchers
by sector forthe selected countries, w e can see
that the Industrial sector has the highest per-
centage In every country, just as it does for
R&D expenditires. This is followed by uni-
versities and then govermm ent regearch facili-
tes Figure 3-1-10). However, ther are dif-
ferences betw een countries In the satstics for
the num ber of researchers by sector. The ac-
curacy of the ratios shown here is difficult t
guarantee, and should only be used for as a
guide.

The mto for Japanese universites is rela-
tively high, while that of the govemm ent re-
search facilitdes is the Jow est of the five coun-
tres. Because the Full Tin e Equivalent values
are not used in Japan, we have calculated the
various 1atos based on estimated Full Tine
Equivalent values. This gives a mato of 28%
for universites, which is lower than France
and the U K ., but about the sam e as G erm any

(see Table 3-1-6).

The ratio for the Am erican industrial sector

is the highest of the five countries, while the
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mto foruniversites is the low est. H ow ever, as
mentioned earlier, In the U S. case it is be-
Tieved that the num ber of university research-
ers is underestimated, In contrast to Japan.
Therefore, it can be assum ed that the actual a-
to isgreaterthan the atio shown here.

Fgure 3-1-10 Num berofR &D scEntsts
and engheers by sectorin sekcted

countres
OPrivate Research hstiutes
OUnversies
OG ovemm entR esearch hstiutes
hdustre
22 10 B ndustes ) 5 21
100%
136
55 279
350 352 322
lel
42 8.9
17.0
50%
79 9
56 .0
455
0%
Japan US. Gemany Fmance UK.
1999 1995 1995 1997 1996
733,000 983,000 231,000 155,000 146,000
persons persons persons persons persons

Note:Japan R &D scentists and engheerare notFTE .
Sourwe:Japan,U S.& Gemany — same as fgure 3-1-1
France —OECD,“Mah S&T hdrate 1999,
UK.— OCED, “Bast Scknce and Technobgy Statstts
1998”
See:appendi @bk 3-1-10
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3 2 Features and Bsues ofR&D In
Japan

321 R&D Expenditures perResearcher

In the previous section, researchers and
R& D expendiresw ere treated independently .
Nonetheless, it is Inportant to analyze the
balance between the two. W e will therefore
exam ne the R& D expenditures per researcher.
A lthough there are large differences in these
values due to the chamacteristics of the R&D
fields and facilities, we w ill com pare the val-
ues for entire countries. If we make a com -
parison between the five countries using the
latest statistics, we find that the R& D expen-
ditures per researcher n Japan are 22 91 m il-
Ton yen [0 the lowest of the five countries

Figure 32-1).

Fgure 32-1 Trends 1 R&D expendiures
perR&D sceEntstEnghneern sekcted
countres

fn on yen)
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Us.
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UK.
1996

Gemany
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France
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Japan
1998

Japan
1998
FTE estin aton valie

Note:same as fgure 3-1-1,3-1-3
Sourwe:sam e as fgure 3-1-1,3-13
See:appendk bk 32-1

The estinated Full Tine Equivalent value
2984 million yen/researcher) is @ken nto
consideration and shown In the chart. W hen
this value is com pared t© the other countries, it
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is wughly equal © Gemany and France.
However, due to the unsatisfactory nature of
the data necessary to estmate this value, is
accuracy carmot be guaranteed. N evertheless,
it is clear that the am ount exceeds the am ount
before the estim ation. A t any 1ate, there were
no significant differences discoversd for ex-
pendiires per researcher between the five
countries.

The change overtim e by sector forthe R& D
expenditures per researcher 1 Japan show S
that am ounts for universities are anall com -
pared t© the other sectors. Nevertheless, a
moderate Iong-temm Increase is evident. The
grow th In the am ounts for the Industrial sector
sagnated from the Jate 1980s, while there was
oconspicuous grow th for govermnm ent research
facilities sarting In 1990. M omeover, am ong
the govermnm ent research facilities, the am ounts
for sem i-govemm ental corporations canying
out large-scale R& D were notably laxge. The
actual breakdowns appear In Section 35 Fig-
ure 3-5-5).

Fure 322 Trends 1 R&D expendiures
perR &D sceEntistengheer n Japan

fn ilon yen)
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Note: R&D expendiure
tes/kochl scence. R&D expendiures nclide softwar n-
dustry shhce FY1996.R&D scEntist and engheernotused
FTE.R&D scekntst and engheer hclide software mdustry
sihce 1997.

Soure:M anagem entand C oorhatbn Agency, S tatistics Bureau,
“Reporton the Suwey ofR esearch and Devebpm ent’”.

See:appendi @bk 322
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322 Breakdown ofR&D Expendimires
and Basic Research Expenditires by

Type

As we saw earlier, one of the features of
R&D activides in Japan is the especially large
mto the ndustrial sector accounts for, n con-
tast o the mto for the govemm ent sector,
which is am all in com parison to the otherm a-
Jor Industrialized countrdes. Under these cir-
cum stances, the adequacy of distrbutions to
basic research expenditures, applied research
and developm ent are topics of fiequent debate.
This is because In general, basic regearch ex-
penditures are high foruniversities and low for
the industrial sector.

Figure 3-2-3 show s a com parison of data for
basic research expenditires betw een the four
countres, excluding the U K ., for which this
data is unavailable. The ratio of basic research
expenditures for Japan and the U S. arr low
wlative to Gem any and France. The matio for
Japan is congistently the low estam ong the four
countries, except In 1995, when it exceeded
that of the U S. The anall ratio for basic re-
search expenditures for Japan and the U S. is
Ifluenced by the large ratio of research ex-
pendittires accounted forby the industrdial sec-
tors of both countries.
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Fhure 323 Trends 11 R&D expendiures
1 sekcted countres by characteristc of

work
Basic Appled
Japan Research Researxch Devebpm ent
1991 |
1992 |
1993 [
1994 |
1995 I
1996
1997
1998
14 4 24 6 61.0
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1992 |
1993 |
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1997
1998
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163 229 60.9
G em any
1987 |
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212 78 8
France
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1994 |
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1996 I
222 296 N 48 2 ,
0% 50% 100%
R &D Expendiures by Chamcterstc ofW ork
Note:Data rJapan nclide sofiware hdustry shce FY1996.

R&D expendiures for Japan & onl natumlscince. How -
ever, ki iclide anothersectorusig am ount.

R&D expendiures forothercountres are the otmlofnatuml
scknce and hum anies science. However, R&D expendi-
tures 1 1981 ©rGem any B naturalscience only. Ther B
no difference between appled research and devebpment
wesearh 1 Gem any. The 1998,1999 valie ofUS. & -
serwe valie.

Soure:Japan,U S .— same as fgure 3-1-1

O thercountres —OECD , “Bast S&T Statstis1999”

See:appendik bk 323



N ext, w e com pare w hich sectors are respon-
sible forbasic research n each country. Ifwe
Jook at the changes in the ratios of basic re-
search expendiures by the sectors using them
In Figure 324, we see that the ratio for Ja-
pank ndustral sector is com pamtvely high.
How ever, there was a continuous dow nw ard
ttend In the 1990s, partcularly 1 1992 and
1998, when there w ere significant drops. This
coincided wih a period of cuts In the total
amount of R& D expenditures by the m ajority
of companies. At the same tim e, there was an
upw ard trend In the mato for govemm ent re-
search facilitdes.

Foure 324 Trends i basi research
expendiures by sectorin sekcted
countres

Private Resersach

G ovemm ent
i Tsties

Japan Uniersieis
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1996 [
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G em any
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1051 I
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Note: R&D expendiures & sum totalofnatuml sckence and hu-
m aniies scknce. The 1998, 1999 valies ofU S. & resewe
valie. And “govemm ent research hstiute” nclide “bcal
govemm ent Japan)” and “state govemment U S .)”.Data
forJapan hclide sofiware hdustry shhce FY1996.
The FedemIy-Funded Research and Devebpm ent Centers
(FFRDCs) of each sector & hichided “hdustyy”, “Univer-
siy” and “prvate m anagem ent research omgankzaton” n
Uus..
A private m anagem ent research omganzaton & hclided n
a G em an govemm entresearch olgankzaton.

Soure:sam e as fgure 323

See:appendk bk 324
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I theU S., there isa slightly declining trend
for both govermm ent research facilites and
privately operated research facilities. H ow ever,
large changes can be seen m ainly In the indus-
trial sectorand universites. n the early 1990s,
the ratio for the ndustrial sector fell sim larty
to that of Japan, but unlke Japan, it sarted
rising again in them id-1990s.

Compared to Japan and the U S.,Gemany 5
ndustrial sector ratio is an all. France s indus-
tral mto is even am aller, while the mato for
universities is relatively large.

323 Num berofResearchers by
Specialy

As the basis of science and technology
strategy planning, the question of the distrbu-
tion of R& D funds and personnel am ong fields
T Japan is extrem ely in portant. The prepara-
ton of satstics for the breakdown of R& D by
field is difficult since the approprate data does
not pregently exist. Nonetheless, we present
the num ber of researchers by specialty n Fig-
ure 325 as reference dat@a. The specialties
used as classifications here are based on the
goecialized know ledge possessed by regearch-
ers. Consequently, this Indicator show s the re-
sults of the past prom otion of hum an resources
mther than the R& D fields at the time of the
survey .

Among the specialtes, the laxgest field is
'"E lectronics and Comm unications," follow ed
by 'M achtnery, Shipping and Aviaton."
W ithin these engneering-related and phys-
icsrelated fields, as well as the Jargest field —
"Chem istry" — the largest proportion of the re-
searchers belong t© the industrial sector. On
the other hand, In the third largest category —
"M edical and Dentstry" — most belong t©
universities and other higher education nstitui-
tons, along w ith those in the "Hum anitdes and
Social Sciences" field.
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Fgure 325 Num berofR &D sckntsts
engieers by specily and by sectorin

Japan (1999)
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Sourwe: The Management and Cooriaton Agency, Statstcs
Bureau, “Reporton the Surey of Research and Devebp-
ment’

See:appendk bk 325
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32 4 Research Assistants and Post
Doctorates

Degoie the vial mle assisant researchers
ply M R&D, there is a tendency for them t©
be thought of as being on the periphery of
R&D, pethaps because of the tem nolgy.
N onetheless, w ith the grow ing com plexity and
scale of presentday R& D, researchers and re-
search assisants are both essential, and the
tem s should be thought of only as a categori-
zation of w ork duties.W hen attem pting to gain
a clearpicture of R& D activites by m eans of
satistcs, it is happropriate o use researchers
only; research assisants chould also be In-
cluded. A s w ith the definition of a researcher,
the definiton for a research assistant vares
from country t© country. T Japan, the defini-
tion ncludes "research assistant," "echnician "
and '"other personnel mvolved in research
work "

Fhure 3-2-6 Num berofR esearch Support
workers perR &D sceEntistengneern
sekcted countres

107
099
! ““‘

Japan
1999

(Persons)
127

1.00
10 1

Number of Research Support Workers per R&D Scientist/Engineer

UK.
1993

Fmance
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Gemany
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Source:Japan,U S.and Gem any — sam e as fgure 3-1-1
Fmance,U K.— OCED, “Bast S&T Statistics 1999”
See:appendik abk 326
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A lthough there are satistics for the num ber
of personnel engaged I research, which in-
clides research assisents avaikble In each
country, there are differences in definitons
and survey m ethods. H ere, w e com pare the ra-
tio of the num ber of ressarch assistants t© the
number of researchers. h other words, the
num ber of research assistants per researxcher.
Th Japan, the num ber of research assistants per
researcherwas 037 1n 1999, which isanallin

com parison t© the selected countres n Europe.

Gee Figure 3-2-6).

If we Jook at the num ber of research assis-
tants per researcher by sector n Japan, we see
that In 1999, the numberw as 0 86 In research
fBcilities and 043 m the mdustrial sector,
com pared to an extrem ely low 019 in the uni-
versiies Figure 3-2-7). M orwover, these
num bers have continued t© fall in the ndustrial
and university sectors, which is an extrem ely
serious problem 1 light of the in portance of
research assisants m entioned above. D egpite a
slight Increase w ithin research facilites from
1995, the values are gn all when com pared to
those previcus to 1994 .

Fgure 3-2-7 Trends 1 num berofresearxch
supportw orkers perR &D scEntistsengneer
1 Japan
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Source : The Management and Coorhatbn Agency, Statstcs
Bureau, “Reporton the Survey of Research and Devebp-
ment’

See:appendx abk 32-7
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Next, we touch on the postdoctorate situa-
tion In Japan. In an effort o tran and expand
the ter of young researchers n Japan there has
Ibeen a prom otion of The Support Program for
10,000 Post Doctomtes shce 1995. By
FY 2000, this program endeavors to have ap-
proxin ately 10,000 post doctomates engaged n
creative research activities in national labora-
tories and universites, and o on, and © ex-
pand a varety of assisance system s through
each of the m nistries and agencies.

Asaresult, m FY 2000, steps w ere taken for
the budgetary support of 10,596 pecple at the
postdoctorate level Figure 3-2-8). In com -
parison to the 4,739 people In FY 1995, this is
a substantial increase of 220% overa five-year

pericd.

Foure 328 Trends 11 num berof
researchers supported by pbn orl0
thousand postdoctormlrsearchers
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Soure:The Scince and Technobgy Agency data

See:appendik abk 328
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33 Govemm entSupported R&D

Although the govemm ent is not the main
consttuent of the most significant activites
w ithin a country' s system of science and tech-
nology activites, it is at the core of finctions
rlatng to findng provisions for other sectors
and regulations betw een sectors. In this section,
we analyze the situation sunounding govem-
ment supported R& D fiom the perspective of
finding.

There are two m ethods for exam ining R& D
funding by govermm ents. One m ethod is to ex-
am ne the R&D expendiires used by each
perform ing sectorand t© total the portion pro-
vided by the governm ent. The otherm ethod is
to Jook atthe R& D rlated expenditures w ithin
the governm ents annual expenditures.

The fom erm ethod of the two (ie.m easur-

ng at the perform ng sectors) is the main
m ethod used In compiling R& D satstics, and
is not Iin ited t© govermm ent fimding. Even if
R& D expendires go through a com plex flow ,
it is possble to get a clear picture of the total
amount of R&D expenditures for an entire
country for survey pumposes. However, be-
cause it isnotalw ayspossble to accurately de-
term mne the source of funds, the latter m ethod
(ie.measuring at the fimding sectors) is also
necessary . N onetheless, it is difficult to gain a
clear picture of R&D expenditures using this
m ethod because of digparities betw een actual
R&D expenditires. b Section 331, we sart
by using the data m easured at the perform ing
sectors, chow ing the R&D expenditures ab-
sorbed by the goverrm ent. This is follow ed by
an analysis of science and technology r=lated
outlays from w ithin a govermm ents annual ex-
penditires n Section 3 3 2.

331 R&D Expendiuires Supported by
the Govemm ent

Exam Ining the changes 1n the proportions of
the W@l R&D expenditires supported by the
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govermm ents of the major nations in Figure
3-3-1, the graphs show a basic dow nw axd trend
after 1981 forall of the countries except Japan,
w hich suggests a change 1n the ok of the gov-
emm ents. The decline In the U S. is partdcu-
larly large, w here the govemm ent support atio
of 46 6% 1n 1981 fellto 26.7% In 1999.A fter
G emm an unification, there w as a slight upw axd
trend there until 1997, w hen the ratio fell.

O £ the five countries, Japan consisently has
the Jow est ratio, w ith a govemm ent support a-
to of 21.7% 1n 1998. A lthough there were no
significant changes In the ratio forJapan In the
Iong tem , the rato for govemm ent support
w as slightly higher in the 1990s In com parison
to the lat= 1980s.

Fgure 33-1 Trends 1 Ratb ofR &D
expendiures sources by govemm ent i
sekcted countres

Ratb ofR&D Expendiune Source

1981 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 1999

Note: The govemment ¥ a country, m unipal corpomraton, gov-
emm ent managem ent, publc management and the -
search omganizaton ofa specilpublic corpomton, natbnal,
and a publt uniersty @ jinbrcolege etc. & hiclided). A
wesearch and devebpm ent cost & the sum tomlofnatuml
scEnce and hum anikes, socilscEnce (each country).
Japan-Software bushess will ako be nclided fiom the
1996 fiscalyear.

U S .-Research and devebpm entcost ¥ esere valie. The
govemm ent & the federml govemm ent and a federml gov-
emm entresearch organkzaton.

Gem any-E i an ol federmlarea tll1990 and t i G em any
11991 and affewaxds.

France -The govemm ent & a publc research olgankzaton
U K .-The govemm ent E a centerand the bcalgovemm ent.

Source:Japan, U S .and Gem any — sam e as fgure 3-1-1
France — OECD, “Bask S&T Statistics 1999”
UX.—DTL*“SET Statistcs 1999

See:appendi abk 3-3-1



N ext, w e exam ine the breakdown of the use
of govermm ent disbursem ents of R& D expen-
ditures by sector Figure 3-2-2). n the break-
down for Japan, we canmot see any con-
goicuous changes during the period covered by
the chart. The university and govemm ent re-
search facilities account fora large proportion.
A s discussed In the explanation of the flow of
R&D expendituires Figure 3-1-8), the flow of
fimds to the ndustrial sector is an all rehtive
to the other countres. This is a unique feature
of the Japanese system .

The proportion of R& D expenditures by the
U S. govemm ent for the ndustrial sector has
been traditionally high, egecially in 1984 to
1988, when it surpassed 50% .How ever, while
there was a substantial decline in this mtio
from the late 1980s t© the early 1990s, the &~
tio foruniversities clim bed. The fall in the ex-
penditures for the industrial sector was influ-
enced by a reduction In the traditionally large
expendiures for national defense. The matios

for governm ent research facilities, along w ith
privately operated facilities, have not seen any
large changes, and w ere relatively sable 1 the
1990s.

In G em any, the ndustrial ratio fell from the
1980s to the begining of the 1990s, while the
mtos for universities and govemm ent, to-
gether w ith non-profit, privately operated re-
search facilides increased. Th the Jate 1990s,
the Industrial sector leveled off, w hile the uni-
versity sector experienced a slight decline as
the ratio forgovemm entand privately operated
research facilities ncreased.

I France, the ratio for govermnm ent research
facilites was large. The mto for universities
was com pamatively amall, but sarted hcreas-
g In the 1990s.

I conclusion, the reduction in the disourse-
ments of R&D expenditures to the ndustrial
sector by the govemments In the countries
other than Japan were reciprocated by an In-
crease In disbursam ents to universities.

Fhur 332 Trends I the breakdown ofgovemm entalR &D expendjm:tes 11 sekcted countres

) Japan

v anate Research Institutes

! Universities ! l

Government Research Institutes

100%

80%

60%

40

=

20

=

1981 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 1998

C)Gemany

Industries

0%

100%

80%

Universities

60%

Goverment Research Institutes & Nonprofit Private research Institutes

40%

20%

0%
1981 82 83 8 8 8 8 8 8 90 9 92 B 9% 95 % 1997

Note:same as fgure 3-3-1
See:appendk tabk 332
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3 32 Science and Technolgy Budgets
by Govemm ent

Tn this secton, w e w i1l consider the science
and technology related expenditures fiom the
annual budget of govemment. As with R&D
expendiures, there is no rigorous ntermational
definition for science and technology budgets,
and although every country clidesR& D ex-
penditires, other expendiires m ay also be In-
cluded. In Japan, R&D expenditures are not
calculated separately from  science and tech-
nology budgets, and w illnotbe covered 1n this
book.

Fgure 333 Trends i govemm ental
science and technobgy budgets n sekcted
countres

S&T Budget
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Note: Technobgy hton costofJapan & onl the himlbudgetof
a country, the thing only about hum anites/ocety does not
conai. The obgct mnge & mproved n 1996 and affer-
wams.

U S .-Ths num ercalvalie i budgetauthorty am ount. 1998
valle B provibnal valie and 1999 valie ¥ presumed
valie.

Gem any- The 1996 valie of a fedemton and state gov-
emment 8 provsbnal valie. & & an actual resuk dl the
federmlgovemm ent’ s 1996 fiscalyear, the 1997 fiscalyear
¥ budget, the 1998 fiscalyear s a govemm entbudget.

U X .- Budget & govemm ental rsearch-and-devebpm ent
budget, and & an actualresulktlthe 1994 fiscalyear.
Source: Scknce and Technobgy Agency, “W hie Paperon Sci
ence & Technobgy”, “The Science and Technobgy D Iec-

tory”

See:appendx abk 333
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Figure 3-3-3 show s the science and technol-
ogy r=lated budgets of the govermm ents of the
selected countries. The am ount for Japan w as
one-quarter thatof the U S. n 1999, but about
the sam e as that of France and Gem any . Be-
cause of differences n the econom ic scales
and system s of each country, a simple com -
parison is not possible. Nevertheless, taking
scale nto account, Japans science and tech-
nology related budgets can be considerad an all.
A s a result, thas been friequently argued that
an Increase In the science and technology re-
lated budgets of the Japanese govemm ent is
rquired. If we exam ne the yearly changes,
how ever, there hasbeen an obvious Increase
the science and technology related budgets n
Japan, especially In the Jate 1990s.

Fgure 334 Trends 11 govemm ent
scence & technobgy budgets forcviln
sekcted countries

(Tlion Yen)

Japan

S&T Budget

Gemany Federm]

1983 84 85 86 84 88 89 90 91 92 93 94 95 96 97 98 1999

Note:same as fgure 333
Source:sam e as fgure 333
See:appendik abk 334

W hen making intemational com parisons of
science and tedimology related governm ent
budgets, national defense expendiures are of-
ten excluded because of the difference m
character to other expenditures. This is espe-
cially tue when comparing Japan to other
countries, and In many cases i is more
appropriate to exclude these expenditures. Fig-
ure 3-34 chow s the science and technology re-
lated govermm ent budgets, excluding expendi-
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tures rlhted to national defense ({e. only
non-m ilitary expenditires).

I Japan, the ratio of non-m ilitary expen-

ditures account for 95 4% (1999) of the sci-
ence and technology related budgets.
Th contrast, the percentage of non-m iliary ex-
pendiires used In the U S. does not exceed
512% (1999). As a result, a comparson of
non-m ilitary expenditures shows that the
am ount for Japan was half thatof the U S. n
1999. From the perspective of yearly changes,
all of the trends are oughly the sam e as those
fortoalam ounts.

Fhure 335 Trends hh mto of
govemm entalS&T budgets o GDP 1
selcted countries
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Note:same as fgure 333
Soure :same as fgure 333,GDP — same as fgure 312
See:appendkx @bk 335

Figure 3-3-5 com pares science and technol-
ogy rlated budgets relative to GD P In orderto
take the differences In scales between coun-
tdes Into consideration. The values for the
countres apart from Japan exhibita dow nw ard
trend from the late 1980s. Tk can be argued that
the declining science and technology budgets
are a result of r=ductions In the national de-
fense expenditires and r=fom s t© the govem-
ment sector. Only the values for Japan have
been clinbing shnce the sart of the 1990s.
N onetheless, up to now , the values for Japan
have been low am ong the m ajor industrialized
nations, and despite surpassing G em any after
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1995, the values are sdll below those of the
U S, Franceand theU K.

Figure 336 chow s a com parison betw een
the general annual budget and the previous
years grow th In science and technology budg-
ets. From this we can see that the grow th of
science and technology budgets exceeds thatof
the general annual budget for the period dis-
played, except forFY 1998 .The 12 4% 11 1996
is partcularly large. However, both of the
grow th rates shown here are values based on
original budgets. In reality, In additon to the
original budgets, disbursem ents are made for
science and technology budgets according t©
revised budgets.

Fhure 336 Trends 1 grow th mtes of
govemm entalS &T budgets 1 Japan

Perent

14
12

10 r
S&T Budgets total
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Note:same as fgure 333
Source: Scence and Technobgy Agency, “The Scence and
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Technobgy D fectory”, “Science and Technobgy Expendi-
tures O verew”
See:appendik bk 336

Th Japan, the Science and Technology B asic
Pln (efered to as the Bagic Plan below ) was
decided by the Cabinet in July 1996. The
Fundam ental Plan sated that .. w ith regard t©
the shortterm doubling of Research and De-
velopm ent funding, underlying the idea of
1aising the mte relative to GD P 1 the eardy 21%
centuyy I lnew ith W estem nations, there isa
stong desire t© realize a doubling w ithin the
period of the Basic Plan. This would require a
Jarge-scale budget for science and technology
expenditures of agpproxinately 17 trllion yen
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betw een fiscal years 1996 and 2000 ."

For the actual science and technology ex-
pendiires, the to@al of the budgets for the
fivesyear period fiom FY 1996 to FY 2000
cam e t© 17 1763 tillion yen, achieving the 17
tdllion yen w ritten In the Basic Plan. Exam n-
Ing the changes during the five yearperiod, we
see that the am ount In 1998 was large. This is
due to the lJarge contrbutions m ade under the
revised budget w hich was ain ed at grappling
w ih the stagnanteconom y. See Figure 3-3-7.)

Fhure 33-7 Trends 1 the S&T budgets ©
the S&T basi phn 1 Japan

100 m il Yen(] Revised
41636 Budget, etc.
40,000 Third 37,603
First 32,838
29,660 30,026
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Note: Com petitve capial showed the am ount of m oney (vertcal
axis) by the poygonallne, and disphyed 1 the parenthess
the mte Hrwhih taccounts to the whoke. k& the proposal
genemlhviatbn ofa science research costsubsidy M his-
try of Educatbn), technobgy promoton adjistment ex-
pense (ScEnce and Technobgy Agency), a welare sckence
wesearch cost subsily M nktry of Healh and W elamw),
earth-envionm ent esearxch synthesi promoton expense
Envionm ent Agency), the new basi research prom oton
system (each m histry agency) by the specialpublc corpo-
mtbn, and refom st technial devebpment whith was
m ade hto com petive capialhere.

Source: Scence and Technobgy Agency data

See:appendk bk 3-3-7

Th the Basic Plan, one of the policies for re-
alizing a flexible and competitive R& D envi-
ronm entw as to prom ote the expansion of com -
petitive finds. n Figure 3-3-7, the am ount of
com petitive fimds is shown as part of the sci-
ence and technology budgets, togetherw ith the
num erical values of theirratios.

How ever, since the definiton and range of
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com petitive fimds canmotalw aysbe clearly de-
term ned, the am ounts ndicated here are the
total am ounts for the m ajor fimding . Even this
data show s an apparent ncrease I the atos
during the five-yearperiod.

Th comparson to other countres, the atios
forthe com petitive fimds cannotnecessarily be
considered high. A gain, In the other countries,
the definition and 1range of com petitive funds
is not always clearly determ nable, which
m akes a sim ple com parison difficult.
None-theless, n the U S. and the U K ., over
30% of the govemm ents science and technol-
ogy budget consists of competitive funds,
which oonsiderably exceeds Japans 1mate

Ground 10% )®.

Fure 33-8 Brrakdown ofgovemm ent
S&T budgets 1 Japan FY1999)

O ther

(57 45 bilYen) S&T Prom otbn

(96 3 bilYen))

Geneml
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Special
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Natbnalschook
(98.76 bil. Yebn) O therR esearch
Expendiures

(63 .02 bilyen)

Source: Scence and Technobgy Agency, “W hie Paper on Sci-
ence and Technobgy’’

See:appendix tabk 3-3-8

® T the U S., the R&D budget of the M erit Reviewed Program
accounted for 34% of the total n FY 2000. In the U X ., the toal
budgets of the R esearch Counciland the HEFC s acoounted for40% of
the govermm ent’s science and technology budget in FY 1999
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The science and technology budgets In Ja-
pan congsist of portions from the general ac-
counts and specil accounts - wughly 50%
each (Figure 3-3-8).The general accounts por-
tion consists of expenditures for the national
testing and research nsttutions, the Budget for
the Promotion of Science and Tedmology
com prising a varety of different types of sub-
sidies, and other research related expenditires.
On the other hand, the national schools special
account accounts for the main porton of the
Soecial acoounts.

The ratios of science and technology r=lated
budgets by m inistry or agency Figure 3-3-9)
do not show any large changes, except for
1996, for the 1ange of targeted expenditures.
The M mistry of Education consistently has the
largest mto. I FY 1999, it accounted for
42 7% , follow ed by the Science and Technol-
ogy Agency (4 5% ), the M Tnistry of Intema-
tional Trade and Industty (161% ) and the
M mistty of Agriculture @ 6% ), Forestry and
Fisheries 3 5% ).

Fgure 339 Trends 11 S&T budgets by
govemm entm nsty/Aagency
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Note:The obfctange & in proved afterthe 1996 fiscalyear.
About the Japan Key Technobgy Center cost, duplcaton
appropratbn & camed out at the M histry of htematonal
Trade and hdustry and each M hstry of Posts and Tek-
com muntatons. (fhh addibn aboutsum total, & m ade not
t© becom e duplcaton appmopraton). This bk & towalkd
the Scince and Technobgy Agency.

Source: Scence and Technobgy Agency, “The Scence and
Technobgy D fectory’

See:appendk bk 339

W hen making an htemational com parison
of science and technology related govermm ent
budgets, there are cases In which not only the
central goverrm ent, but also local govermm ent
mustbe included. The science and technology
budgets shown here for Japan do not nclide
budget by local goverm ents. A lthough the
data hasnotbeen created t© the sam e stendards
as that of the national expenditures, daa for
reference purposes is shown n Figure 3-3-10.

Fyure 33-10 S&T budgets ofgovemm ent
m hitres/Agences and bcalgovemm ent
FY1997)

(100 bil Yen(
0 2 4 6 8 10 12 14

Defense Agency

S&T Agency

Envionm entAgency

Mi.ofForpn Afais

M i.ofEducaton

Mi.ofHealh & W elare

M h.ofAgriulue, Foresty & Fiherkes

M. of htematbnalTmde & hdusty

M 1. ofTransport
M .ofPost& Telcomm uniatons

M h.ofConstmctbn

47 Prefectures

12 cabhetorerdespnated ciks ]

Source: Scknce and Technobgy Agency, “The Scknce and
Technobgy D fectory’”, ““Scince and Technobgy Expendi
tures Ovewew”, Natbnal hstiute of Scince and Tech-
nobgy Polry, “Study of RegbnalScence and Technobgy

Prom otbn Fourth Surwey)
See:appendi tabk 3-3-10

The total science and technology budgets of
the Jocal govermm ents of Japan w ere 862 3 bil-
Ton yen in FY1997. This is equivalent to a
considerable 29% of the budget of the central
govermrm ent 1 the same year (3.0026 trillion
yen). M oreover, compared to the science and
technology budgets of the m ain nationalm nis-
tdes and agencies, the total expenditures of the
47 prefectures (749 1 billion yen) exceed those
of the M misty of Ihtemational Trade and

Ihdustry .
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For science and tedhnology related govem-
m ent budgets, the OECD proposes a classifi-
cation m ethod by social and econom ic cbjc-
tives. An Intemational com parison was rein -
plem ented using the data according to these
classifications, but due to large differences n
the system s and classification m ethods of each
country, we can only view broad trends, as
opposed to m aking a precise com parison Fig-
ure 3-3-11).

For science and technology budgets n Japan,
the largest classification is "G eneral progress
n know ledge" @82% ), which is similar ©
France and G em any . The large ratio for "En-
egy" (02% ) isunseen in any other country,
whereas the 5 6% matio for "N ational defenge"
is the am allestam ong the five countries.

TheU S.mto for "N ational defense," on the
other hand, stands out at an enomous 54 1% ,
wih large matos for "Health" (185% ) and
"N on-m ilitary gpace development!" is 112% ).
The ratio of 14 5% for "Health" n the U K .,
11% for "Non-m iliary space developm ent! in
France, and 129% for "Industrial develop-
ment' n G em any are all irlatively large.

90
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Fgure 33-11 Govemm entalS &T budgetby socbeconom i pumpose
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Note:A num ertalvalie ofJapan & only the hialbudgetofa country, the costonly abouthum anies/ockety does notcontann. An U S .numert
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govemm ent.G em any, France, and U K. are presum ed valie.
Source:0ECD,“Bast S&T Statistics 1999”
See:appendk tabk 3-3-11
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3 4 Science and Technology
Foundations

Foundations w hich provide fimding support
for science and technology activites play a
sin ilar ok to that of the govemment n is
support of R& D, discussed in the previous
section . Tn this section, w e discuss the data for
the science and technology foundations, and
m ake an analysis of the situation In Japan, to-
getherw ith thatof Europe and the U S.

341 The History of Foundations

I 1998, there were 13,553 Tncorpomated
foundations in Japan (@ccording to the M an-
agem ent O ffice of the Prime M Tnisters Secre-
tarat). Some mcomomted foundations are
"working foundations", which canry out their
own work Independently, and som e are "sup-
port foundations", which support the work of
others. In this section, w e Introduce the activi-
tes of "support foundations" @efene=d t© sin -
ply as "foundations" below ). The data for the
foundations In Japan is fiom the Support
Foundations C enter, unless sated otherw ise.

Foundations supporting scientific research
have existed since the Taisho Period. Exam -
ples of these were the Harada Sekizen G roup
and the M i=uiH ouon G wup, which possessed
an enorm ous 30 t© 40 billion yen In capial, at
cunent values. How ever, after the war, the
fimnancial basis of m ost foundations w as w iped
outby sudden Inflation and the loss in value of
w ealth held In stocks.

If we look at the foundations that were es-
tablished afterthe w ar, w e see thatup until the
1960s there w ere only six to ssven foundations
established per year. The number of founda-
tions carrying out w ork previous to 1969 was
only 188 (Figure 3-4-1).The num ber of foun-
dations established ncreased at the start of the

1970s, w ith over20 being sstup In som e years.

The period of greatest activity was the five-
year period startng in 1987, w ith an average
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of 45 foundations being ncorporated per year,
which acoounted for a quarter of the total
num ber. A fter 1993, the number of founda-
tons being es@blished fell sharply In step w ith
the recession, with a amn all num ber being es-
tablished in recent years. O £ the 849 founda-
tions, 32% were esabliched after 1987, and
50% after1982.From this, itcan be said this is
a rlhtively new sectorin Japan.

Next, we will exam lne the U S., which has
the worlds largest foundations. At the be-
giming of the 1990s, the number of foun-
dations increased by 1000 t© 2000 per year,
w ith 41,588 foundations carrying outactivites
In 1996. W ih the increase of newly active
foundations, together wih the taditonal
large-scale foundations, there have been m any
cases of large expansions In the scale of sup-
portn the pastten years.

Fgure 34-1 Trends 11 S&T rhted
foundation establishm ent
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Natbnalhstiute ofScence and Technobgy Polcy.
See:appendik tabk 34-1
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342 The Supportand AssetScales of
Foundations

The scale of assistance is shown In Figure
342.Tn FY 1998, 615 foundations w ere car-
ryIng out 1,391 assisance program s, totalng
479 billion yen. O f this total, wughly 16%
(7.7 billion yen) was for research assisance,
which conesponded to amere 10% (1179 bil-
lIion yen) of the budget for science research
grants by the M nistty of Education in the
Sam e year.

Fhure 342 Trends 1 num berof
G rantM aknhg oundaton and sze of
assets (FY1998)
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Soure:sam e as fgure 34-1
See:appendx @bk 34-2

Figure 34-3 chows the scale of assistance
given by foundations. O f the total, 50% give
assistance of less than 25 m illion yen peryear,
while 74% give assisance below 50 m illion
yen per year, indicating that an all-scale foun-
dations acoount for the m ajority . On the other
hand, despite the num ber of large-scale foun-
dations w ih annual assistance am ounts ex-
ceeding 500 m illion yen being a meager 11
@% ), they account for30% of the totalam ount
of assisance.
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h contrast, the toal assistance of the 44,146
foundations active In FY 1997 n the U S.was
16 billion dollars — approxin ately 43 tmes
that of Japan (ased on a purchasing pow er
parity exchange rate of 166 yen perdollar) .0 £
this, research assistence was about 8 5% ,
which ishalf thatof Japan . Figure 344 show s
a breakdow n of foundations by size. From this
w e can see that foundations w ith an annual as-
sistance am ount of less than 100,000 dollars
account for74% of the total, Indicating that the
proporton of anall-scale foundations is ex-
trem ely high compared t© Japan. At the same
tin e, degpite the num ber of large-scale foun-
dations w ith an annual assistance of over 250
billion dollars being an nnsignificant 02% ,
they account for 30% of the am ount of assis-
tance, and though they m ay be few in num ber,
extram ely large-scale foundations do exist.

Fogure 343 Ske ofgmntprogram s and
grantspending ofG mntM akihg oundatbn
11 Japan (1998)
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Source:sam e as fgure 34-1
See:appendi abk 343

From the perspective of assets, there is an
even larger digparity between the scale of
foundations n Japan and the U S. The founda-
tion w ith the largest am ount of assets n Japan
is the Sasakaw a Peace Foundation, worth 73
billion yen, follow ed by the Heiwa Nakajm a
Foundation wih 518 billion yen In assets.
Next is the Tham ori Foundation @3 6 billion
yen), the Foundation of R ver and Basin Envi-
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ronm ental Supervigion 28 billion yen) and the
Toyota Foundation @7 billion yen). The
foundation 1 19™ positon has assets excoeed-
Ing 10 billion yen, and the to@lassets of all the
foundations together was 1 tdllion, 267 8 bil-
Tion yen in 1998. At the same tin e, the Foxd
Foundation in the U S. possesses 82 billion
dollars (1 36 tdllion yen) In assets, and there
are 12 foundations w ith over 3 billion dollars
In assets. The ol assets owned by all the
foundations exceeds 267 6 billion dollars (ie.
44 tillion yen based on the 1998 purchasing
pow erparity ate of 166 yen perdollar).

In conttast © the many corpomate
founda-tions In Japan, ndependent founda-
tions are the manstgeam in the U S. (71% ),
w ith the pro-porton of corporate foundations
being a mod-est 13 4% - another large dis-
crepancy betw een the tw o countries.

Fhur 344 SZe ofgrantprgram s and
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See:appendk bk 344

34 3 The Types ofAssistance and the
Targeted Fields

The number of assisance programs im -
ple-mented In 1998 1n Japan is shown together
w ith a breakdown of the type of assisance n
Figure 34-5.W ithin the various categories of
assisance program s, an overw helm ing m a-
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ority were research assisance program s [
as many as 397 I ol The second largest
cate-gory was scholarship assisance t© for-
eigners, w ith 153 program s. There were 376
program s ughly 27% of the toal) targeted at
the sci-ence and technology fields. The over-
whelm Ing m ajority of those [1 246 (65% ) [
were for research assisance, followed by 94
5% ) for overseas secondm ent assisance, 76
0% ) for conference assisance, and 63 17% )
for com -mendation awards. The breakdown
show s a rlatively large portions was desig-
nated for the assistance of visiting ﬁ)]:ejgners(6) .
SInce s=v-eral of the categories for the assis-
tance pro-gram s are r=peated, the toal of the
1atos ex-ceeds 100% )

Fure 345 Type ofgrantprogmam s 11 S&T
field (1998)
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Source:sam e as fgure 34-1
See:appendi bk 345

® Lame-scale foundations, which carry out assistance program s
targeted at the science and technology fields, appearin Figure 34-6.
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For foundations n the U S .., the m ain spon-
sors of science research were the Rodkefeller
and Camegie Foundations, fiom the tine of
their establishm ent until the m iddle of the 20™
centuyy . I is clain ed that the N ational Science
Foundation N SF) and the N ational nstitute of
Health (N IH ), w hich are at the core of the cur-
rent Am erican research assisance system , In-
troduced research assisenoe progmam s by
modeling them selves on the system of the
R ockefeller Foundation. A fier that, there was
an expansion of the scale of assistance by the
public sector through such institutions as the
N SF and N H . The resultw as that foundations
that operated on the prnciples of "Innovation,"
"creatiyity," nr@{’n and uﬂ@dbjl-iwn reduoed
the scale of thelr research assisance, and aswe
saw earlier, that ratio becam e a m eager 8 5%
on an assistance basis. Inegpective of the type
of assisance, the proportion of program s di-
rected at science and technology fields becam e
even ower [1 amer 2.7% on an assisance
basis - n 1997(7).Apa1tf|:om these, program s
1 8% on an assisance basis) m anly directed
at research activites in the m edical field may
alo be given as an exampl of a wlhted
Ffeld® .

For European foundations, there were 1,714
assistance program s worth a toal of 015 bil-
lion ECUs 1n 1996°.0 f these, the assistance
o research program s reached 77 69 m illion
ECUs (61% of the toal). A s w ith Japan, this
acoounts for the m ain assistance w ork done by
foundations. O f this amount, 28.77 m illion
ECUs (18 8% of the total) wentto science and
technology fields, and 35.74 million ECUs
@3 3% of the oal) went t m edical research.

@ A breskdow n of the num ber of program s and assistance am ounts
by field forAm erican foundations is shown In Figure 34-7.

® Lawge-scale foundations camying out assistence program s
directed at science and technology fields In the U S. are shown in
Figure 34-8.

® A breskdow n of the num ber of program s and assistance am ounts
by field forEuropean foundations is shown in Figure 34-9.
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Geveral of the fields argeted by assisance
program s have been repeated..)
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35R&D In the Govemm ent
Sector

Ih this secton we describe the govemm ent
am of the R&D sector. Th addition to actual
govermm ent research facilites, the governm ent
sector discussed here ncludes R& D facilities
excluding higher education facilities, such as
universities) w ith public finds as their main
source of finding, w hich In som e countries In-
clides nonprofit, privately operated research
facilities. H ere, they are called the govemm ent
sectororgovermm ent regearch facilites.

Tn Japan, the category know n as govermm ent
research facilites isnotused n the R&D sa-
tstics (©of the Science and Technology Survey
from the Statstics D eparm ent of the M an-
agem ent and Coordnation Agency). The "Re-
search facilities" category ncludes govem-
m ent-operated, publicly operated and privately
operated facilities. Tn this section, privately
operated facilites are not treated as govem-
m entresearch facilities.

Fhure 3-5-1 Trends 1 use ofR&D
Expendiures 1 govemm entresearch
nisthutes I sekcted countries

(ilion Yen)
35

301 - TN T

25 |

R&D Expendiure
=
o

197071 73 75 77 79 81 83 85 87 89 91 93 95 97 1999

Note:Data are the alofnaturalscence and hum anies/socihl
scknce. Data for Japan hclide software nhdustry sihce
FY1996.The 1998 and 1999 valie ofU S. i msewe valie.
Data brGemany up t 1990 ar ol fedemlarca and t &
Gemany n 1991 and affewards.

Soure:Japan, U S.and G em any — sam e as fgure 3-1-1.Fmnce
& UK.—OECD,“Mah S&T hdfators 19992 “Basit S&T
Statistics 1998”

See:appendk abk 3-5-1
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Figure 3-5-1 displays the changes in the
govemmentR& D expenditures (@m ount used)
for the five selected countries. The R&D ex-
penditures for the countres other than Japan
have been converted t© yen according to the
OECD 5GD P purchasing pow erparity .

The R&D expendiures used by the gov-
emm ent sector n Japan are wughly the same
as Gem any, France and the U K ., which are
relatively anall when the econom ic scales of
the countries are taken into consideration .

Exam ning the changes in the R&D ex-
penditures used by the govermnm ent research fa-
ciliies n Japan, we see that grow th has con-
tnued for all research facilides, excluding a
few exceptional years. How ever, Tn contrast to
m oderate ncreases for govemm ent- and pub-
Iicky operated facilibies, there was rwlatively
large grow th for sem i-govermm ental corpoate
research facilides Figure 3-5-2).

Fgure 352 Trends fh use ofR&D
expendiures h govemm entresearch
nstutes n Japan
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Source:M anagem entand C ocordhaton Agency, Statstes Bureau,
“Reporton the Suwey ofR esearch and D evebpm ent’”
See:appendik bk 352

The R&D expenditures per researcher at
Japanese govemm ent research facilities in-
creased rEmarkably for sem i-govermm ental
corporations from the late 1970s, and are by
far the Jargest n ecent times Figure 3-5-3).
This is mfluenced by larxge-scale R& D activi-
thes such as atom ic pow er, and gpace develop-
ment being camded out by the sem i-govem-
m ental corporations.
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Fgure 353 Trends 1 R&D expendiures
perR&D scentstsengheers 1 research
stiutes 1 Japan
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Soure:M anagem entand Cooraton Agency, S tatstics Bureau,
“Reporton the Survey ofR esearch and D evebpm ent’’
See:appendk bk 353

N ext, we consider the data forR& D expen-
ditures and the num ber of researchers in the
govermm ent sector of the five selected coun-
tdes shown In Figure 3-54.A unigue charac-
teristic of the Japanese govemm ent research
facilities is the exceedingly am all changes In
the num ber of researchers overtm e.

Fgure 354 Trends 11 num berofR &D
sceEntsts engheer h govemm entwesearch
sttutes h sekcted countries
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Sourwe: Japan, U S.and Gemany — same as fgure 3-1-1.Ger
many, France and UK. — OECD “Mamn S&T hdrators
1999/2,“Bast S&T Statstcs 1998

See:appendx abk 354
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Figure 355 digplys the number of re-
searchers by the type of govermm ent research
facility n Japan. A s of 1999, this num berw as
the greatest at publicly operated ressarch fa-
ciliies, follow ed by govermm ent-operated fa-
cilites. Beghning In the 1980s, the publicly
operated facilites exhibited a slight dow nw ard
trend, w ith been only a very slight lncrease in
the num ber of researchers at govermm ent oper-
ated facilibes. A lthough sem i-govermm ental
facilites have the few est num ber of regearch-
ers, there has been a comparatively large in-
crease since the 1980s.

Fhure 355 Trends 1 num berofR &D
scEntsts £ngheers 1 govemm ent
research nstiutes n Japan
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See:appendi tabk 355

From the breakdown of the number of re-
searchers by specialty at govemm ent research
facilibdes in Japan, it is apparent that agricul-
ture accounts for the largest atio. This field

does not have any partcularly large fluctua-
tons; nstead, itdigplays few changes.
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Fhure 3-5-6 Trends 1 num berofR &D
sceEntsts £ngheers 1 govemm ent
research nstiutes by specialy 1 Japan
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The prom otion of researcherm obility is in -
portant for opening up the flexibility and com -
petitiveness of the Japanese R& D environm ent.
As a means of making researchers mcbilke a
new policy of "tenure by appointm ent system "
has been J'nttoduoed T national testing labo-
mores™ . As part of the "tenure by appoint-
m ent system ," the national testing laboratories
have ntroduced two system s: the "appoint-
ment type" and the "taining for young pecple
type" In orer t© inpmve the recruim ent of
partcularly @lented researchers. The resuls
according to these system s show thatby De-
camber 31, 1999, of a toal of 163 cases, 15
w ere of the appointm ent type and 148 were of
the training for young people type (@ccordng
to data from the Science and Tedhnology
Agency).

19 Based on the June 1997 issue of, "Laws Conceming the
Employm ent, Salaries and Exem ption of W orking H ours for Tenured
Researchers.
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Chapter4

41 Universides as R&D
O rganizations

Universities and other higher education in-
sttutions have finctionsasR & D mnsghitions,
and play an inporant wle I the R&D sys-
tem s of countries throughout the world. A s
shown in Section 3 1 3, these Instlutions use
some 139% t©20% ofR&D expendinires n
the five m ajor ndustralized countries of the
world, and these percentages are continuing
to ncreage n each of these countries. Q uali-
tative changes are also evident n R& D, such
as Increasing cooperation w ih the ndustrial
sector.

A lthough the soope of higher education
nstghitions varies fiom country t© country,
universities are the m ain nsttutions in each
country, and In this chapter, except where
partcularly necessary, we w ill use the tem
"university sector' in place of "higher educa-
tion sector As of FY 1999 there were 622
universities n Japan (99 national universites
66 public universities and 457 prvate uni-
versities), but in this chapter the term  "uni-
versites" encom passes jnior colleges (585),
colleges of technology (62), university labo-
mores 214) and other stiutions @14)Y.
These Insttutions are referred to as univer-

% The num bers of universities, Jnior colleges and colleges of
technology are according to the M iistry of Education, Science,
Sports and Cultures "Report on Basic Surwey of Schools FY
1999)." In the "Report on the Survey of Research and D evelop-
ment" of the Statdstcs Bureau, M anagement and Coordination
Agency of Japan, which is used as s@tistical data for Japan s uni-
versity sector in this chapter, universites are surveyed according t©
faculty oy departm ents forgraduate schools), and the totalnum ber
was 1,585 n FY 1999. h addition, "other insttutions" refers to Na-
tional nsttute of M ultim edia Education, N ational Center for Uni-
versity Entrance, the N ational Tastihution forA cadem ic D egrees, the
Center for N ational University Finance, and research facilities un-
der the jurisdiction of the M nistry of Education, Science, Sports
and Culure.
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R & D In Universities

sities" below .

Figure 4-1-1 show s changes over tine in
the amountof R& D expenditures used 1 the
university sectors of the m ajor ndustrialized
countries. For the university sector, it is dif-
ficult o ssparate education activides and
R& D actvides, so care needs to be Bken In
that there are some pmwblem s In statstcal
data.Overall, figures forthe U S. are roughly
double those of Japan, evidence that the mu-
tual relationships and long-tem trends of the
five countres resemble those of the total
amount of R& D expenditires of the various
countries (see Figure 3-1-1).

Fgure 4-1-1 Trends 1 R&D expendiures i
uniersies/coleges h sekcted countres

(dlion Yen)
6 -

Japan

R&D Expendiure

1970 71 73 75 77 79 81 83 85 87 89 91 93 95 97 1999

Note: Econverted hito Japanese cunency (Yen) ushg the
purchasig powerparty ofOECD .

The 1998 valie of France & assum pton valie.
The 1998,1999 valie ofU S .. 5 num ercalmesere
vale.

Source:Japan - M anagem entand C oordhatbn Agency,
Statstics Bureau, ‘R eporton the Suwey ofR esearch
and Devebpm ent’.
U S.-NSF, WatbnalPattems R &D Resources 1999
Data Update”
G em any - BM BF, ‘BudesberchtForschung 1996”,
‘Faktenberidht1998”
France - OECD, ‘Bast Scence and Technoly S tatstes
1998” (1997 ,8 data EMan S&T hdtators 19992)
UX.-OCED,Man S&T hdrators 1999.2"
Purchasihg PowerParty - OECD, ‘Mah S&T hdiators
1999 2" 'NWatbnalAccounts, 1999

See:appendkx @bk 4-1-1
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The amountof R& D expenditires utilized
In Japan s universities was 3 2 trillion yen in
FY 1998, equivalent to 20% of Japan’s otal
R&D expenditures. Looking at the trends in
these figures, throughout the period shown
the graph, the figures show a linear increase,
w ith only FY 1994 increasing from the previ-
ous years figures. W ith regard to the rem amn-
Ing countries, the in pact of curnrency conver-
sion and other factors m ake it in possible ©
read off changes over time fiom this graph
alone, but the Increase from them id 1990s 1n
the U S. is quite m atked. Inh the three Euro-
pean countries the am ounts have ram ained
moughly constant, but as m entioned In Chap-
ter3 Figure 3-1-9), the percentage of R& D
expenditres of countries as a w hole used by
universities has oonthued to hcrease
throughout the 1990s.

Next, Jooking at the change over time in
the percentage of R& D expenditures n Ja-
pank universites (ntemal amounts used)
according to the type of organization Figure
4-1-2) the percentage used by national uni-
versities has decreased gradually fiom the
sart of the 1990s, w hile the percentage used
by private universities had continued to in-
crease, but from around 1991 the reductions
In national universities stopped, and despite
m nor fluctuations has continued to r@m ain at
Justover40% .M eanw hile the percentage ac-
counted forby private universities has tended
to fall som ewhat sihce FY 1992. Th addition,
the percentage of public universities haslbeen
hcreasingly slightly since the early 1990s.
The percentages forFY 1998 were 43 6% for
national universities, 5.7% forpublic univer-
sities and 50 6% for private universites. h
addition, Jooking not at the percentage butat
the actual am ounts, each category is show Ing
lnear increases, but shce FY 1994 the
am ount for national universities alone has
clearly notbeen increasing, but is fluctuating
every one to tw o years.

Foure 4-1-2 Trends 1 use ofR&D
expendiures h unversies/toleges n
Japan
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See:appendk @bk 4-12

Nextwe w ill exam ine the num berofR& D
scientists and engheers In the university
sector. Statstics conceming the num ber of
R&D scientsts and engineers In the univer-
sity sector of each countyy differ greatly due
to differences n definitions and scope of
survey coverage as w ell as survey m ethods,
0 these points need t© be @ken into account
w hen m aking temational com parisons. Ti-
tally we will compare the da@ genemlly
used asR& D statistcs Figure 4-1-3).



Fgure 4-13 Trends i num berofR &D
sceEntsts and engheers n unversies/
colkges n sekcted countres
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See:appendx @bk 4-1-3

Statstics conceming the number of
R&D scientsts and engneers in Japans
universities does not only nclide full-tme
equivalence data but incorporates a w ide
coverage, resulting in a large value that
is approxin ately double that of the U S..
How ever, Japan ks satistical data is values
arrived at from clear definitons, as shown
In Figure 4-14 below , and from these data
it is possible t© recognize that Japan s uni-
versity R&D scientists and engineers are
Increasing In num ber.

Figure 4-1-3 aleo ncorporates the FTE
estim ates for Japan s m ost recent year
(1999). This figure is 133,000, almost
the same as the U S. figure for 1995
(134 ,000) The satstcalm ethods used here
are the sam e as the m ethods used In Figure
3-1-6 in Chapter3.

In other countries, w hile data forthe U S.

is not fulll-tm e equivalence data, its scope
is much nanow er than that of Japan, and it

is a rlatvely an all figure if population is
t@ken nto account. For the three European
countries, filll-tim e equivalence data is re-
ported. For G em any, data since 1991 has
been impacted by the unification of W est
and East Gem any. The number of R&D

scientsts and engineers in the U K . took a
great um p between 1993 and 1994, which
was laxgely the in pact of a change to sur-
vey ooverage resulting from reform I
higher education mstgtutions. The num ber
of R&D scientsts and engineers In France
has continued to Increase alm ost consis-
tently.

Th oderto gan a betterunderstanding of
the number of R&D scientists and engi-
neers n Japan s universities, we w ill take a
more detailed look at the breskdown in

figures Figure 4-14).

Fgure 4-14 Breakdown ofR&D Scentsts
and engheers h unversies/oleges 1
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The alnumberof R& D scientsts and
engneers fpeople Involved In research
full-tim e) In Universities n Japan accord-
Ing to cunent statstics was 256 440 as at
Aprill, 1999, of which 169,070,0r659% ,
were teaching saffs. R&D scientsts and
engineers at universites also nclides peo-
pl enwlled i posgmduate doctoral
courses (59,057 people) and members of
m edical smaff 28 313 pecple).

Of the twaching saffs, some 139,052
people belong to university facultdes, w ith
the r=m aining belonging to junior colleges
(18,059) and university-affiliated research
Jeboratories (3,864) . In these figures aln ost
all university teaching staffs are counted as
R&D scientstsand erlgjneersQ) .

Next, we take a ook at the num ber of
R&D scientsts and engieers n Japans
university sector once again through an in-
temational com parison. H ere the com pari-
son is restricted to Japan and the U S.. The-
e are great differences In particular in the
survey m ethods used to obtann the statisd-
caldata forboth countries, and as shown in
Figure 4-1-3, a sinple comparison is not
appropriate.

I making a com parison, after elin nat-
Tng the num berof postoraduate students in-
clided In satistics for the numberof R& D
scientists and engineers of both oountdese),
adjusm ents and estin ates have been m ade
o bring the conditions of the tw o countries
closertogether. Th addition, only figures for
4 -year universities are counted, so data for
Japan w as restrcted to teaching saffs and
m em bers of m edical saff of university fac-

? Looking at the satistics for universites for com parative
purposes (The M inistry of Education, Science, Sports and Cul-
ture s R eporton Basic Survey of Schools, FY 1999 Edition), asat
May 1, 1999, there were 147,579 persons prin arily engaged In
teaching In university faculdes and university postraduate
schools, and 18 206 Tn such positions in junior colleges.

® The reason why university students were elin nated was
the great differences betw een Japan and the U S. In the condi-
tons under which data conceming postgraduate students was
cbtained, and nadequate data is available to m ake those adjust
ments.
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facultes (hcliding posgraduate school
and excluding junior colleges) and univer-
sity-affiliated research laboratories.

Taking a look at the satstics for both
countries, as m entioned earlier, aln ost all
university teaching saffs arr added as
R&D scientsts and engineers In Japans
statistics, and full-tm e equivalence is not
used. In dam for the U S. however,
full-tim e equivalence is not used, but (1)
figures are limied © R&D scientsts and
engineers who have PhD sgranted by U S.
universities, and @) only those personnel
engaged mainly m R&D actvibes are In-
cluded 1 figures.

Taking the above differences mto ac-
count, the follow Ing estin ates w ere m ade.
For Japan s university teaching saffs, an
estin ate wasm ade which isnota full-time
equivalence value I the strict sense of the
tem , butw hich is equivalent to a full-tine
equivalence value In accordance w ith daa
from a varety of rlated insthutions. W ith
egard t© mem bers of m edical saff, their
num bers were halved, assum Ing that they
goend half of theirtime mR&D .

M eanwhile, m the U S., the satstcal
figure is 91,000 people engaged mainly in
R& D, but one must take Into account the
exisence of other people who are manly
engaged In teaching activides (102,000).
Consequently, of those persons engaged
manly in other fields than R& D , the num -
ber of persons engaged n R&D as secon-
dary duties w as halved before adding this
figure to the statistics.

Figure 4-1-5 chow s these results together
w ith the original statistical values. Th Japan
the estimated number of R&D scientists
and engineers is 92,000, while there ar
130,000 m the U S., wih Japan and the
U S. uming the @bles from the orignal
statistics. Furtherm ore, due to the fact that
U S. statstics contain R& D scientists and
engineers who have been gmnted their
PhD & and R&D scientsts and engmeers



who have not been granted PhD &, the In-
clusion of these pecple would result in fur-
ther ncreases to U S . num bers.

Fgure 4-1-5 Num berofR &D scEentists and
engheers h unversies/toleges h Japan
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and D evebpm ent’.However, Based on the data ofthe
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Coordhaton Agency ‘Technobgy esearch
hvestiaton”, the Natbnalhstiute ofScince and
Technobgy Polty estin ated.

U S .- NSF, “Chamcterstics ofDoctoralS centists
and Engheers h the Unied States: 1997”

See:appendk bk 4-15
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4 2 Features ofand Issues
Fachg R&D In Japan's
Universites

The R&D expenditures utilized by Ja-
pank university sector, as touched upon In
Chapter 3, are quite significant as a per-
centage of the R&D expenditures of the
country as a whole, even when intema-
tional com parisons are m ade. One feature
is, however;, that there is little accepted
from outside parties. Figure 42-1 chows
the portion of R& D expenditures used In-
temally by universites that they are 1=-
goonsble for, and the amounts received
from extemal parties.

Fhure 4-2-1 Trends 1 htemalexpendiure
on R&D h uniersites/oleges by source
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The to@l amount of R& D expenditires
used ntemally by Japanese universites
was 32229 tdllion yen in FY 1998, and
w hile the portion that universities w ere re-
goonsble for by them selves was 28848
tdllion yen, R&D expenditires received
from extermal partiesw as 339 2 billion yen,
acoounting forno more than 10 5% of the
toal figure. This figure has been ncreasing
since FY 1995. The portion of expenses

that Japanese universities are responsible
for ncludes the expenses of national uni-
versities.

W ih regard to the amount of R&D ex-
penditures used ntemally which are -
ceived from outside parties, Figure 422
divides this am ount up Into the public and
private sector, and show s the percentages
for the regpective sectors. Up untdl FY
1992, the percentage of R& D expenditures
rceived fiom the govermment has been
falling, while the percentage received In
the form of private-sector finding is In-
creasing. b FY 1993 and in subsequent
years, how evey, this trends was meversed.
Asaresult, theR&D expendiures received
fiom the private sector; w hich were 39 2%
n 1992, fellto 28.0% 1 1998.

Fhure 42-2 Trends 1 breakdown ofR &D
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The R& D expendiires received by uni-
versities from com panies is one indicator
which show s the sate of cooperation be-
tween Industry and academ ia. Looking at
changes over time In R&D expenditires
received by universities from the industrial



sector Figure 42-3), mapr ncreases In-
curned up untdl FY 1992, after which they
leveled off, and hardly any increase has
been evident over the past six years. Fur-
therm ore, the amount In FY 1998 (59 4 bil-
Tion yen) was only 1 6% of the am ount of
R&D expenditures used intemally by uni-
versities In the same year 3 2229 trillion
yen) . Looking at figures according to gov-
emm ent/oublic and private, the am ount of
R&D expendiures received from the in-
dustrial sector is largest for govemm ent in-
stitutions, but since FY 1993 grow th has
been greater In private universities.

Four 423 Trends 11 R&D expendiures
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M eanw hile, progress is being m ade
I the provision of system s to prom ote co-
operation betw een ndustry and academ i,
and Jooking forexam ple the track record of
utilization of the Joint Research wih the
Private Sector (established n 1983, and
am ended by a N otification by the M nnistry
of Education, Science, Sports and Culure
In M arch 1997) system , In FY 1995 there
were 1704 cases, w hich ncreased dram ad-
cally to 2568 cases In FY 1998 (according
to M inistry of Education data) . This data is

valuable In that In contrast to Figure 4-2-3,
italso incorporates joint academ ic/ndustry
research which does not entail the direct
receiptof R& D expenditures, but it is daa
that is restricted only t© national universi-
tes, and as such the am ounts are unclear. Tt
is In portant that n the future indicators be
developed to galn an appropriate picture of
the actual state of cooperation betw een -
dustry and academ ja. From the perspective
of mtemational com parison, how ever, as is
also shown In Figure 4-2-3, cooperation
betw een Industry and academ ia in Japan is
rlhtvely am all.

Next, ttking a look at a breakdown of
R&D expendires of universites accord-
g o expense iem s, personnel expenses
are high, and the am ount of these expenses
is Increasing lnearly Figure 4-24). Per-
sonnel expenses for FY 1998 were 2 .0685
trillion yen, accounting for some 64 2% of
the t@al. M eanw hile, am cunts other than
peronnel expenses amounted to 11544
trdllion yen. Throughout the period shown
I the diagram , there were no dram atic
changes to the sucture of expense item s.
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(rilion ¥ en)

O therexpendiure on
gngblk fixed assets

M achinery, nstmm ents,
equipm ent, etc.

Land, buidings,

et

R&D Expend

o
198687 88 89 90 91 92 93 94 95 96 97 1998 FY

Soure:M anagem entand C oordhaton Agency, S tatstes
Bureau, 'Reporton the Suwey ofR esearch and
Devebpm ent”

See:appendx abk 424



Chapter4 R&D Th Unversites

Taking a look at the change overtime in
the percentage of university R&D expen-
ditures according to academ ic field Figure
4-2-5), it is clear that the changes betw een
fields over the period shown in the diagram
are anall. However, the academ ic fields
shown here are not the classifications ac-
cording to the nature of R& D , but the clas-
sification according to the type of organi-
zation such as faculty. Consequently, it is
inpossble t© read off changes In the con-
tentof R&D from this diagram , but trends
I the stucture of university organizations.
It isnotew orthy data In that it is possible t©
say that over the past 30 yeas, there have
been no great changes 1n the organizational
structure of Japan s universities.

Fgure 425 Trends 11 R&D expendiures
by felds of scence n unversiestoleges
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Next, taking a look at the changes over
time In R&D expenditures for ntemal use
per researcher n universities according t©
academ ic field, the am ount for the science
field is the largest, follow ed by engineering
Figure 426 @)).W hile the am ounts for

both fields are Increasing over the long
term , it is evident that there has been a
slow Ing of grow th In the 1990s rlative to
the 1980s. M eanw hile, the am ount for the
field of health, the field with the anallest
amount, has ncreased slightly sihce the
early 1990s, but it sdll rem ains at a level
m uch low erthan the other fields. There has
been a slight reduction In expenditures n
the agricultural field from the early 1990s.
The field of hum an and social sciences saw

a marked Increase from 1990 to around
1992, afterw hich it leveled off.

W hen comparing R& D expenditures per
researchey, R&D expenditires excluding
personnel expenses for the people nvolved
M R&D are sometmes used. Figure 426
B) shows the amount of R&D expendi-
tures per researcher, excliding personnel
expenses. It is clear thaton the whole, there
have been few changes In the am ount over
the past ten years or s0. In t=mm s of aca-
dem ic fields, science has the largest
am ount, follow ed by engineering.

Next we exam ne Japans universites
from the perspective of R&D personnel.
Fistly weused R& D expenditures to show
that there are few changes In the stucture
betw een academ ic fields In Japanese uni-
versites, In Figure 425, and this same
trends is aleo evident in data conceming
the number of R&D scientists and engi-
neers. LookIng at changes over time 1n the
numberofR & D scientists and engheers by
goecilization Figure 4-2-7), against an
Increase I the to@lnum berof R& D scien-
tsts and engineers, the stucture by field is
hardly changing atall. It is thought that In
tem s of gpecialization of R& D scientsts
and engineers, they offen respond w ith the
type of faculty of the university fiom
which they gmaduated, so it was thought
more persuasive to chow the sate of de-
velopm entof R& D scientists and enghneers
mther than show Ing the research areas at
the tim e of the survey.
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W ith regard to R& D scientists and engi-
neers In the university sector, when m aking
Intemational com parisons, there are cases
where the number of people wih PhD &
and the numberof R&D scientists and en-
gheers according t© Jlevel of academ ic
qualifications is necessary. Forexam ple, as
mentioned earlier;, m U S. satstcs only
those R&D scientsts and engineers w ih
PhD k are Included In the number of R& D
scientists and engineers, and to com pare
this figure w ith the numberof R& D scien-
tsts and engmneers n Japan, data concem-
Ing the num ber of people w ith PhD & is re-
quired. In Japan s R& D satistics the num -
ber of people w ith PhD & is unclear; so us-
Ing statstcs conceming university teach-
Ing saffs, we will exam Tne the num ber of
teaching saffs according t the level of
their academ ic achievem ent. These satis-
tcs apply © all university teaching staffs,
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and while they differ from R&D scientists
and engineers In nam e, as already indicated
In the description of Figure 4-14, almost
all teaching saffs are mcluded In satistics
as R&D scientsts and engineers, <o it is
possible to consider that effectively all of
Japan s university R& D scientsts and en-
ghheers are nclided @Epart from post
graduate students and m em bers of m edical
saff) .

Figure 4-2-8 show s the classification of
the number of university teaching saffs
according o theirhighest level of academ ic
achievem ent. In teaching staffs overall, the
largest percentage @0 1% ) have com pleted
doctorate courses at universities under the
new system , followed by 28 3% who have
com pleted courses at universities under the
new system (I the diagram these personnel
are show n togetherw ith the 0 8% ofpeoplke
who have complkted university courses
under the old system ). In addition, the per-
centage of people who have completed
doctorate courses at universities under the
new system isrelbtively high at26 1% .

Looking at the level of achievem ent ac-
cording t© field of specialization, the area
w ith the highest percentage of people who
have com pleted postdoctorate PhD s under
the new sysem is highest In science
(55 3% ) follow ed by hum an and social sci-
ences @44 3% ) and engineering 43 2% ).

Next, Figure 429 chows the change
over tine I the number of research sup-
port saff per regearcher n universities. The
num ber of research support seff perR& D
scientist and engineer in Japan is ow I
htemational term s, and it was m entioned
In Chapter 3 that the num ber is particularly
ow In universites. M oreover, from the
diagram shown here, the num berof support
saff is fAlling, wih the drops most pro-
nounced In those areas and facultbes which
In the past have had wlatively high num -
bers of research supportsaff perR& D sci-
entist/engineer.
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Chapter5

5.1 Com parison of hdustral
Sectors ofSelected Countries

A s already indicated in Chapter 3, In the
majpr ndustralized countrdes, mdustal
sectors are the largest sector In temm s of
both source and perfom erof R& D expen-
ditures. O £ these countres, Japans R&D
expendiures acocount for a partcularty
large position in the industrial sector.

Looking at the trends In the am ount of
R&D expendiuresused 1 ndustry the five
selected countres, ncluding Japan Fig.
5-1-1), after increasing in the 1980s, the
figures stagnated in the early 1990s. In sub-
sequentyears, R& D expenditures increased
In Japan and the U S. from the late 1990s.
This Increasing tendency is not evident in
the three European countries.

Japans R& D expenditures in the indus-
tral sector were 108 trillion n FY 1998.
Looking at the trends that have occun=d
up until now , the steady increase from the
late 1970sbecam em ore gradual in FY 1985,
but continued to increase untl FY 1991. It
changed t© a decrease In FY 1992, and 1e-
ductions continued for three consecutive
years untl FY 1994, but In FY 1995 and
subsequently, ncreases have been recorded
forfour consecutive years.

Comparing the number of R&D scien-
tsts and engineers in the industyial sector
of the selected countries, even if the size of
the population is taken It acoount, the
U S. has a large num ber, w ith 859,000 in
1996 .M eanw hile, thenumberof R& D sci-
entsts and engineers in Japan s ndustral
sectorw as 429,000 1n 1999.W hile Japan s
figures are affected by the fact that satisd-

R & D in Industry

cal data does not convert the num ber of
R& D scientsts and engineers nto full-time
R&D scientists and engineers, these are

rlatively large figures.

Fhure 5-1-1 Trends 1 hdustrB1R &D
expendiures i sekcted countres
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See:appendk bk 5-1-1
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Fhure 5-1-2 Trends i num berofR &D
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W hen comparing the number of R&D
scientists and engneers In the selected
countrdes In Chapter 3 Fig. 3-1-6), an es-
tim ate was m ade attem pting to convert the
num ber of Japans R& D scientists and en-
giheers nto full-time R&D scientists and
engineers. n doing <o, the numberofR & D
scientsts and engineers in Japan s indus-
tral sector w ere multiplied by a com pen-
sating factorof 0.7.

W hen mulbiplyng by this com pensating
coefficient, the number of R&D scientists
and engineers Tn Japan s Industrial sector in
1999 was approxinately 300,000. Ushg
this value to m ake a com parison kg Ito
acoount differences in population, Japan's
numberof R& D scientists and engineers is
higher than that of the three European
countries.

Next we will compare R&D expendi-
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tures In industry In the five selected coun-
trdes acocording to majpr ndustries Fi.
5-1-3). Industrial classifications In R&D

Statstics vary from country to country, so
Industrial classifications have been grouped
together to som e extent to enable com pari-
son. In addition, t© m ake a direct com pari-
son of R& D expenditures, figures for coun-
tdes other than Japan were converted to
yen using the OECD s purchasing pow er

parity.
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The electrical communication instu-
m ents m achinery industry is a m ajor indus-
try of both Japan and the U S ., and the sec-
tor that accounts for the largest portion of
R&D expenditures in both countrdes. The
U S.ER&D expendiures mn this ndusty
are 1.7 tm es greater than those of Japan.

On the other hand, I the precision mn-
strum ents Industry, the U S.k figure is far
larger than that of other countries. Japan s
R&D expendiures in this ndustry are
glightly higher than those of G em any and
France.

Japans R&D expenditures in the m otor
vehicles industry are higher than those of
Gemany, France, and the U K ., but the
US.uses 18 times the R&D expenditires
of Japan.

Japans R&D expendiires n the aero-
Foace ndustty are extremely snall com -
pared to other m ajor ndustrialized coun-
tres, while the U S. Invests a great deal of
money In this area. W hile there are some
countries where R&D In aerogpace is car-
red outby the public sector, care needs to
be taken of the fact that there are some
R& D expendifures thatdo notappearhere.

W ih regards t© the phamm aceutical In-
dustry, while there is a great difference
betw een Japan and the U S ., Japan sdll ex-
ceeds the figures of the other countries.

T addition to the above, although not
displayed in the graph, the U S. and the
U K .mvesta hrge amountof R& D expen-
ditures n the service ndustry sector. O fthe
sewvice ndustry sectors of both countries,
Ihdustries that account for a large percent-
age of R&D expenditires are finance, n-
surance, com puter services, and R&D . Tn
addition, statistcs conceming R&D 1n the
service ndustry sector vary greatly from
country to country according to way the
applicable ndustries are selected, and con-
cepts and definitions of R&D 1n these In-
dustries is not clear, which makes an ap-
propriate Intemational com parison difficult
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under the curnrent circum sances. Th Japan s
R&D sadstes, ndustries deemed t© be
service Industries are transport, com m uni-
cations, public sevvice and softw are Indus-
tdes, but finance/msurance, re@iling and
w holesaling industries are not included.
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52 Characteristics ofR&D In
Japan's hdustry

TakIng a look at a breakdown of R&D
expenditures of Japans mndustrial sector
by key industries Fig.5-2-1), the electrical
m achinery m anufacturing industry has con-
sistently acoountad for the largest percent-
age, ollowed by the chem ical products
manufacturing industty and the tans-
poration equipm ent ndustry. These three
highestrating ndustries alone acoount for
some 64 6% (Y 1998) of comporate R&D
expenditures. They also account for43 2%

FY 1998) of Japans total R&D expendi-
tures. This proves that the electronics, m o-
tor vehicle, and chem ical products m anu-
facturing mdustty (ncliding dmgs and
medicines) together account for a lawge
portion of Japan SR & D .

Fhure 52-1 Trends 1 hdustrB1R &D
expendiures i Japan
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LookIng at ttends 1 the percentage of
R&D expendiures of all ndustyy ac-
counted for by these three industres, the
electrical m achinery m anufacturing indus-
try contiued a geneml Increase fiom
FY 1980 to FY 1991, but fiom FY 1992 it
has m oved sidew ays w hile undergoing re-

peated fluctuations. R& D expenditures in
the chem ical products m anufacturing -
dusty werr In long-tem decline untl
FY 1990, but fiom FY 1992 they have
m oved sidew ays. The transportation equip-
m ent Industrty continued t© increase up un-
Hl FY 1978, but has been In Iong-tem de-
cline shce FY 1979.

R& D expenditures used intemally by the
ndustrial sector, w hen view ed according to
expenditure iems, show that labor costs
are the highest, w ith labor costs In FY 1998
am ounting to 4 6654 trillion yen, account-
g for43 2% of the walamountof R& D
expenditures used ntemally in that year
Fig.52-2).Looking at the trends up untl
this point In tim e, against a backgmound of
fluctuations n WEIR & D expenditures due
to changes in econom ic conditions, the
am ount of labor costs has not undergone
any great changes. The percentage of labor
costs accounted foraccording t© changes n
R&D expenditures overall was less than
40% due to an Increase I other expendi-
tures In FY1989-FY 1991, but in other
years it has generally ranged from 40% t©
45% .

Fhure 522 Trends 1 breakdown of
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Th other expenditure iem s, the percent-
age acoounted for by m iscellanecus expen-
ditures is increasing. A lthough details are
unclear, this category may be regarded as
ncliding the expenditure ncured In ob-
taihng and processing a variety of different
types of nform ation and data.Raw m ateri-
als expenditures have r=m aned at around
20% thmwugh the whole period. Land and
buildings accounted for4 3% of the totalin
FY 1991, butby FY 1998 this had fallen to
14% . In addibon, the perentage ac-
counted for by m achinery, instum ents and
equipm ent has been 1 excess of 10% up
untdl FY 1991, but from around FY 1995 it
wasbetween 8% and 9% .

Fgure 523 Trends 1 hdustralR &D
expendiures by chamcterstics 11 Japan
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Lookng atJapansR& D expenditires in
ndustry by nature (pasic R&D expendi-
tures, applied R&D expendiures, and de-
velopm ent expenditures), in FY 1998 devel-
opm ent expenditures were high at 78 4% ,
followed by applied R&D expenditires
wih 23 6% , and basic R&D expenditires
at6.0% (Fig.52-3).LookIng at trends in
these figures, basic R& D expendituires has

20 Appled Researh
Bast
0 . . I I I I I I I I Research

few long-tem fluctuations, while develop-
m ent expenses fluctuate greatly, having a
great Inpact on fluctuations n R&D ex-
pendiuires as a whole. Fluctuations in
R&D expenditures of the ndustrial sector
are lnked to fluctuations In the economy,
but it is clear that the m ain area of fluctua-
ton is developm entexpense.

Comporate R& D isnotalw ays carded out
w ihin ones own com pany; there are cases
w here it is com m issioned to a party outside
the com pany. Th such situations, it is possi-
ble to galh a picture to some extent by
Iooking at the R&D expenditires paid t©
outside partes.

Ih FY 1998 Japanese companies paid
11960 trillion yen n R& D expenditures to
outside parties. This isequivalent to 11 1%
of the ol R& D expenditures used Inter-
nally by companies during the sam e year
(Fig.5-2-4).Looking at trends In these fig-
ures, these figures fell n FY 1993 and
FY 1994, afterw hich they have been on the
ncrease. T addition, the figures as a per-
centage of R& D expenditures used hnter-
nally have also been continuing to Increase
each yearsince FY 1991.

Foure 524 Trends 1 R&D funds pad by
ndustry 1 Japan
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B) Breakdown ofthe extemally ncuned
R&D expendiures
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LookIng at a brmakdown of the exter-
nally ncured R&D expenditures accord-
ng to where payments were made Fig.
524 (B)), payments to the dom estic pri-
vate sector accounted for the m ajority. T
FY 1998 the prvate sector accounted for
83 6% of such expenditures. A though the
breakdow n of paym ents t© the govermm ent
is unclear, the "govemment' refened t©
here nclides national and public universi-
tes, and it is thought that this figure w ould
be made up largely of payments © these
universities.

W ith r=gard to the numberof R&D sci-
entists and engineers n the ndustrial sector,
Jooking at the breakdow n by specialization,
engineering accounts for the largest per-
centage, followed by science Fig. 5-2-5).
W ith regard to the numberof R&D scien-
tsts and engineers in FY 1998, engineering
and science together accounted for 87 2%
of the total.
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53 Developm entofR&D
Strategies n Japan'’s hdustry

531R&D htensiy

R&D Intensity is an ndicator that show s
the level of effort corporations are devoting
O R&D .The ratio of R& D expenditures to
sales (ntensity of R&D expenditures) and
the ratio of R& D scientsts and enghneers
to the toalnum ber of em ployees (Intensity
n the numberof R& D scientsts and engi-
neers) will be used here as indicators of
R&D Mtensiy.

(1) Trends 11 R&D htensty

The mtio of R& D expenditires to sales
for industry as a whole n FY 1998 was
314% , and that of manufacturing alone
389% Y. TheR&D Intensity of the m anu-
facturing ndustry in textm s of R& D expen-
ditures is 1 24 that of ndustry as a whole
(omparing the R&D mtensity of both).
The ratio of R& D scientsts and engineers
o the otalnum berof em ployees for ndus-
try overall was 5 55% , and that of m anu-
facturing 721% . The R&D intensity of
m anufacturing In term s of personnel is 1 30
tin es that of ndustry as a whole, and this
is glightly higher than when viewed fiom
the perspective of R& D expenditires.

Taking a look at the change overtime in
these Intensities for the m anufacturing n-
dusty Fig. 53-1), the R&D mtensity of
R& D expenditires rem ained fairly consant
throughout the 1970s, but grew subsan-
tally during the 1980s, and that levelwas
mantned o the 1990s. ntensity
dropped off tem porarily mn the m id 1990s,
but In FY1998 a rrcord maximum of
389% wasrecorded.

M eanw hile, the Intensity In the num ber
of R&D scientists and engineers is in-

% H ow ever, these are the value only aboutthe com pany that is
doing research and developm ent.

creasing alm ost linearly over the long tem .
htensity continued to Increase even during
the m id 1990s when thers was a contrac-
tion N R& D expenditures, and the gap w ith
ntensity N R& D expenditures isw idening.

Fgure 53-1 Trends n R&D htensity
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Q) htensiy by hdustalCategory

Fig. 532 chows R&D mntensity by nn-
dustrial category. The horizontal axis
shows R&D intensity for R&D expendi-
tures while the vertical axis shows R&D
ntensity forthe numberof R& D scientists
and engineers. These figures are plotted for
each ndustrial category In FY 1998.

The highest ntensity in R&D expendi-
tures was the 101% r=corded by the soft-
ware Industry. This was followed by the
drmgs and mediches ndustyy wih 81%
and the communication and electronics
equipm ent industry wih 6 4% , the preci-
gion nstum ents industry wih 63% and
the electrcal machinery, equipment and
supplies ndustry wih 61% . One can see
thatR& D expenditures ntensity is highest
In high-+tech ndustres. Next In lne in -
tensity is the other chemical products
m anufacturing industry and other chem ical
products m anufacturing ndustries.
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Fyure 532 R&D htensiy by hdustralcategory
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The Intensity n the numberof R& D scien-
tsts and engineers is high in the softw are
hdustry (161% ), the communication and
electronics equipm ent and electric gauges
Industry (14 9% ), the oils and pants indus-
try (129% ), the other chem ical products
manufacturing industty (12 1% ), and the
precision stuments ndustty (113% ).
The orer of Intensity here is somewhat
different to the order of mtensity n R&D

expendires.

Ihtensity n R&D expenditures and in-
tensity In R&D scientsts and engieers,
except fora num berof ndustrial categories,
are generally in a conelative relationship.
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532 R&D Expendimires by Product
Area

Here the areas n which R&D is being
conducted by Japanese industry will be
analyzed by dividing R&D expenditires
according to product area. For exam ple, In
the case of m otor vehicle com panies con-
ducting R&D in the ara of electronic
equipm ent, those R& D expenditires w ould
not be clhssified as R&D expendiires for
the motor vehicle ndustry but mather as
R&D expendiures n the electronic equip-
ment area. In otherwords, R&D is classi-
fied not by the ndustry conducting it but
the avrea mwhich theR& D is conducted.

Fig. 5-33 chow s the changes over tine
In Industrial R&D expenditures by majpr
product area. The arra of comm unication
and electronics equipm ent has consistently
had the laigest R& D expenditures of any



area. It is follow ed by m otor vehicles and
electrical m achiery equipment. R&D ex-
penditures are aleo lbrge In the areas of
dmgs and medicines, general m achinery,
ndustrial norganic and organic chem icals,
chem ical fertdlizers and chem ical fibers.
Growth M R&D expenditires for the drugs
and m edicines area has been greater In the
1990s compared to the 1980s, and fiom

1993 it has recorded slightly higher levels
than the amount of R&D expenditires In
generalm achinery.

The gowth In R&D expenditures has
since FY 1980 been greatest In the area of
com m unication and electonics equiom ent,
and is share of the R&D expenditires of
all areas is also mwpidly increasing. This
share did, how ever, drop from FY 1992 to
FY 1994, but the percentage continues to
Increase, w ith the share of the R&D ex-
penditures of all areas eaching 31.7% I
FY1998. The share of R&D expenditires
n the area of m otorvehicles to those of all
areas fell Emporarly 1 the 1990s, but
from FY 1995 has been ncreasing, wih a
figure of 15 6% r=corded In FY 1998.

Fgure 533 Trends 11 R &D expendiure
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The follow g section analyzes the R& D
expenditires by productarea forkey indus-
tres. Fig.5-34 show s a breakdown of core
R&D expenditures by ndustry on the left
and non-core R&D expendiures on the
rightby industyy forthe six m ain industries
thatare usersof R& D expenditures.

Fgur 534 MapridustralR &D expendiures by product field
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Ih the communications and electronic
equipm ent ndustry, R&D expenditires 1
the core business of comm unications and
electronic equiom ent ishigh at 1 9125 tril-
ion yen. R&D expendiires In the
non-core busiess is 638 .7 billion yen, but
the majprity of this is being directed t©
electrical m achinery, equiom ent and sup-
plies, a rrlated sector.

In the electrical machinery, equiom ent
and supplies ndustyy, a large percentage of
R&D expenditures are ditected towards
com m unications and electronic equipm ent,
outside the core bushess. How ever, this is
regarded as a non-core bushess under the
curent classification system , and it is also
possible to referto itasan area which isef-
fectively close to its core bushess.

The motor vehicles ndustry, together
w ith the dwgs and m edicines industry, di-
rectsalmostallof iIsR& D expendiures to
R&D 1 its core business. n both industries
i is possble to m ake the cbservation that
at least w ith regard to mtemal R& D, it is
concentrated on core business products.

n the generalm achinery ndustry, In ad-
dition to the core business R& D expendi-
tures 0of 417 9 billion yen, 306 1 billion yen
is directed to non-core bushess product ar-
eas. This am ount is spread across a -
tively diverse range of sectors. Thism ay be
regarded as evidence of the breadth of ap-
plications of m achinery technology.

The ndustrial chem icals and chem ical
fibers Industry also has a laxge am ount of
R&D expenditures in its non-core bushess
product areas. The am ount can be broken
down as follow s: the other chem ical prod-
ucts m anufacturing ndustry and dmgs and
m edicines and other closely-1elated areas
account for large percentages of the o@al.
These areas are effectively close to cor
busmess areas. However, some 74% of
R&D expenditires are directed towards
comm unications and electonics equip-
ment.
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N ext, In oderto clarify the changes over
tin e In the natuire 0of R& D , w e analyzed the
changes n R& D expenditures by product
developm ent area. Th dolng =0 we applied
factoranalysis to the data of R& D expendi-
tures by product developm ent area foreach
ndustry. Som e 25-industry typesw ere sub-
Fced t© analysis, wih data teken from
FY 1980 to FY 1998. A s a variable, Instead
ofusing R& D expenditures by productarea
as is, we use the ratios of R& D expendi-
tures by product area. T addition, product
areas w ere oganized nto ndustry catego-
ries, and the num berof variables setat24 .

Having applied factor analysis, due t
the large num ber of variables, no sand-out
highly persuasive variables appeared, and
even if the characteristic value w as 1m ied
t 1 or over, some 11 variables wer
achieved. In this case, no general factor
could explam everything w ith a sm allnum -
ber, and each factor is resoonsble for is
ow n specific nform ation.

Looking at the results of factor analysis,
the first factorhas a particularly strong cor-
relation w ith the com m unications and elec-
tronics equiom ent product area, and a rela-
tvely stong correlation w ith the electrical
m achinery equipm ent product area and the
electricity and gas product area. Ik may
therefore be Interpreted as a factor con-
cemed w ith R& D expendituires of the elec-
tronics area. The second factorhas a strong
conelation wih the general machhery
product area and the other transportation
equipm entproduct area, Indicating that it is
a machhery and process technology area
factor.

Changes over tim e In the various indus-
tres w illnow be exam ned foreach of the-
£ mEpresentative sate-ofthe-art tech-
nology areas. Fig. 53-5 chow s m ovem ent
over tin e In values (factor scores) foreach
nhdustry for the electronics area and the
m achinery and process technology areas. Tt
becom es com plex if these trends are shown



forall industries, so only key Industries and
characteristic ndustries have been plotted
here. In these graphs, the laxger the score
forthe ndustry, the m ore effort isbeing de-
voted toR& D in thatarea.

Th the electronics area, values are highest
for com m unications and electronic equip-
ment and tangport, communication and
public utlitdes, followed by electrical m a-
chinery, equiom ent and supplies ndustry,
which also soored highly. & goes w ithout
saying that these industries are the mam-
stays of electronics technology.

Looking at changes over tin e In the factor
score, communications and electonics
equipm ent industry and electrical m achm-
ery, equiom ent and supplies ndustry are
clearly Increasing over the long tem , de-

oite m nor fluctuations. Transport, com -
munication and public utlides were al-
ready Increasing up untlFY 1989, but fiom
FY 1990 onw ards figures have either fallen
ormoved sidew ays, Increasing again from
FY 1995.

Th other industries, precision nstrum ents
and prnting and publishing show char
acteristic m ovem ents. There w as a great In-
crease In the precision nstum ents ndustry
n FY 1993, after which it has continued t©
mantamn high levels. Printing and publish-
g recorded great Increases In FY 1988,
FY 1989 and FY 1996. In these two indus-
tdes, it is known that the changeover to
electronic tecdhnology is teking place, and
the results of analysis shown here seem t©
back thisup.

Fhure 535 R&D expendiures factoranalsis rsulby product fieds
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W ih r=gard t© the m achinery and proc-
ess technology area, other transportation
equiom ent (tansportation equiom ent other
than m otor vehicles) and general m achin-
ery recorded high values.

Precision Instum ents and printing and
publishing also show characteristic m ove-
ments In this area. The precision nstu-
m ents ndustry reoorded an ncrease In the
factor score fiom the late 1980s untl
FY 1992, after which i roorded a great
drop In FY 1994 . It has r=m ained at a low
level ever since. The great change 1n the
precision nstrum ent industry w ith FY 1993
as a tuming point must be considered In
conjunction w ith the change In the values
for the electronics area m entioned earlier.
In this period, while the value for the ma-
chinery and process technology area con-
thued t© decline, the values I the elec-
tronics area ncreased, suggesting a change
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In the priorities of R& D .M eanw hile, In the
printing and publishing ndustry, over sev-
eral years from FY 1988, the figures for the
electronics area and the machiery and
process technology area both increased. Tn
FY 1992, while the figure forthe m achinery
and process technology area underw ent a
rlatively large reduction, the value for the
electonics area show s a gradual decrease
from FY 1990.This is regarded as evidence
of a change In productdevelopm entareas.
I addition to the two industries men-
tioned above, a notew orthy feature is the
crease I the m achinery and process tech-
nology ara fiom FY 1991 In the other
chem ical products m anufacturing industry.
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Japan's Venture Com panis

I today s bushess situation, where the
creation of new industry is regarded as an
issue of mmporance for Japan, it is ex-
trem ely in portant to gamn a clearpicture of
the situation conceming so-called venture
com panies. How ever, there is mnadequate
data conceming venture companies and
venture business in Japanese statistics, not
only R& D statistics. Not only are the defi-
niton and scope of venture com panies un-
clear, but there are m any an all com panies,
which arr for the large part nadequately
covered In statstical surveys.

The National Insttute of Science and
Technology Policy camded out a ques-
tonnaire survey by post n 1998 1n oxderto
cbtain basic data conceming Japan's ven-
ture com panies, and has published a report
on the results of analysis Reference [B]).
The m ain analysis results are presented be-
Iow In accordance w ith this report.

Companis Researched

Th order to give as broad a socope as pos-
sible t© venture com panies, questionnaires
w ere sentout to all com panies lised in the
N kkei: Annual Comporation Reports of
Venture Business (FY 1998 Edition). The
person regponsible for m anaging the com -
pany President) w as asked to f1l n the an-
swers to the questionnaire. Q uestionnaires
werem ailed out in August 1998, w ith valid
regpoonses received from 1007 com panies,
giving a response mate 0f 42 2% .

Some 639 companies that sent In valid
responses belonged t© the m anufacturing
ndustry 63 3% ), 125 to the nform ation
Industry (12 5% ), and 240 com panies In the
sewice ndustty @39% ), making for a
stucture n which there is no wlative bias
cliding any of the com panies. The aver-

age mumber of emplyees of com panies
that resoponded to the suwey was 112.7,
w hile average capial was 202 m illion yen
and average salesw ere 3 203 billion yen.
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Key Survey Resuls

The most recent ratio of R&D expen-
diures t© sales of companies that re-
soonded to the surwvey was 65% as an
overall average, m ore than double the av-
erage of 2 85% forall of Japan s com panies
on thewhole Figures forFY 1997.See Fig.
53-1 and Tabk 5-3-1). Looking at the
sam e figures accordng to the three indus-
try categories, the figure form anufacturing
was 6 4% , for the Infom ation industry the
figure was 11 8% , and for the sewice In-
dustry the figure was 3 8% . Clearly the &-
tio of R& D expenditures t sales is highest
I the nfom ation industyy.

Looking at the year of establishm ent of
the companies, a laxge number of com -
panies were es@blished In 1970 or later,

but a large number were also esablished
before 1970, giving a w de distrbution. A
recent trend, however, is the marked In-
crease I the establidhm ent of com panies
whose m anagem ent is ain ing for a listing
on the stock exchange (com panies whose
m anagem ent replied that they were "striv-
Ing tow ards a public listing"), and a steady
hcrease In the number of R& D -orented
companies (ompanies whose mtio of
R&D expenditures to sales isatleast10% ).
Japan s venture business, w hich is often re-
garded as being Iow key, does have aspects
which m ay lead to future expectations Fig.
A).
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Japan's Venture Com pankes

A feature of founding managem ent (e-
goondents w ho founded the com pany) was
that their average age was 55 2 years od,
Indicating that the m anagem ent of Japan s
venture com panies is generally quite oM.

On the other hand, their age when they
founded their com paniesw as 37 4 years on
average, which is not necessarily old, but
the new ocom panies created iIn the past 10
years have an average age of founders that
isatleast5 years olderthan itwas 10 years
previously, indicating an Increase in the
age of atw hich founders sart venture com -
panies Fig.B).

By looking further at data about found-
g managers, chamacteristcs of Japank
technology venture ocompanies become
evident. Firstly, w ith regard t© the age of
the founder, making a comparison of
R & D -orented com panies and other com -
panies, the age for R& D -oriented com pa-
nies tends to be somewhat older. This

seem s o suggest that R & D -orented com -
panies are based on the elem ents of gkills
based on many years of practical experi-
ence and know ledge ganned thmough ex-
perience. Secondly, looking at the aca-
dem ic careers of the founding m anagers,
some 64% have complkd graduate
school, and 57 6% have graduated from
university, ndicating thatonly a very em all
percentage of com panies are founded based
on high levels of academ ic advancem ent in
the form of graduate school. A lage per-
centage of the previous occupations of
founding presidents is accounted forby en-
gheers of large companies, engheers of
anall and medim -sized companies and
m anagers of an all and m edium -sized com -
panies. Taking Mnto account these factors
together, it is clear that there are few tech-
nical venture com panies in Japan that are
based directly on highereducation.

Fgur B Age of bunderwhen founded venture com panks
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Chapter 6

6 1 Scientific Papers

A s an indicator of science and technology
achievem ents, the daa rlhted t© scientfic
papers has becom e increasingly in portant n
recentyears. D egoite the difficulty in directly
m easuring the achievem ents of R& D activi-
tes, partcularly scientific research achieve-
ments, it is now possible t© cban a varety
of data on scientific papers due t© the com -
pletion of scientific liemture datgbases. Ik is
under these conditions that various data are
belng created throughout the world, fiom
w hich a varety of indicators are belng devel-
oped.

W hen creating such ndicators, Science
C itation ndex (SC1I) -a database of scientific
and technological lierature - is often used.
The SCI is partcularly usefill because it
covers all areas of science and technology.
The SCT is partdcularly usefill because tisa
dat@base from which it is possble to obtan
data about the citations of papers, and it cov-
ers all armas of science and technology.
Com pared to other databases specializing n
goecific areas, how ever, the SC I database has
only a am all num ber of papers in each area
and contains m ainly papers n Englich. The
Indicators calculated for scientific and tech-
nological papers in this section are based on
the NSID atabase, w hich was I tum created
based on the SCT.

6.1.1 htemationalCom parison of
OutputofPapers

The R&D achievem ents of each country
can be quantiatively exam ined by totalng
the number of papers published by each
country. V ittually the only m ethod for calcu-
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lating the totals for each country is based on
the Jocation of the facility to which an author
belongs, and the daa used in this book was
obtained by this m ethod. Papers authored by
several people belonging to facilites w ith
Iocations in different countrdes known as
ntemationally jointauthored papers) were
double-counted as papers of the respective
countries.

I the five yearperiod up t© 1998, the toal
num ber of papers recorded in the SCI data-
base by country show the US w ith them ajor-
iy, ollowed by the U K ., Japan, G em any
and France, as seen 11 Figure 6-1-1 .H ow ever,
if we exclude the hum anites and social sci-
ences, and consider only the natural sciences
and engieering, Japan and the U K . sw itch
positons, with Japan becom Ing the second
m ost pmwlific publisher of liemture n the
word.

The breakdown by region show s that 15 of
the top 25 countries are European. In A sig,
the top 5 countries are China (12th), Thdia
(13th), Tawan @18th) and Korea Q1sh), ex-
cluding Japan .

The R&D mdicators dealt wih I this
book include both the natural sciences and
engineering, as well as the hum anitdes and
social sciences, w ith the satistcs shown In
Figure 6-1-1 also mcluding the liemture for
the hum anities and social sciences. Due t©
m any differences betw een the conditions for
recording the natural sciences and engineer-
ng, and the hum anites and social sciences in
the SCID atabase, how ever, the literature for
the hum anites and social sciences will be
excluded after the figure below . Th Figure
6-1-1, the countres which account for the
highest ratios of literature in the hum anities
and social sciences are the English-speakng
countries of the U S, the U K ., Canada and
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Austalia. This is lkely because of the -
clnation towards English liemture in the
collection of data for the hum anitdes and so-
cial sciences. A lthough this inclination exists
In the natural sciences and engneering as
well, it seem s far m ore prevalent in the hu-
m anites and social sciences.

Fgure 6-1-1 Num berofpublshed
scEntfic papers by country: top 25
countres
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See:appendix @bk 6-1-1
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N extw e exam Ine the conditions surround-
Ing the Increase In the num ber of published
papers by m aking a com parison betw een the
fiveyear periods from 1994 to 1998 and
1984 t© 1988 (see Figure 6-12). The SCI
dat@base as a whole (excluding the hum ani-
thes and social sciences) ncreased by 36.7%
during this period.

Fgure 6-1-2 Change i num berof
published scEntfic papers by sekcted
countres/fmtons hatumlscience and
engiheerng)
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o texy).
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m em bernatons. The countres 1 Ash O ceani contah Japan.
Data:Based on the data of hstiute forScentfic hfom atbn, ‘Watbnal
Scince hdiators on D kkette, 1981-1998 Delixe versbn)”, the
Natbnalhsttute ofSciEnce and Technobgy Polcy toalkd.
See:appendi tabk 6-12

The mate of Increase by country w as 28 9%
fortheU S., 72.7% forJapan, 42 0% forthe
UK. 509% for Gemany and 606% for
France. Japan had the largest increase of the
five countries.

I the breakdown by r=gion, those regions
which traditonally had the fewest papers
published had the lJargest ncreases n \@&tes -
am ong them , Latin Am erica w ith 118 6% and
Asia and Oceania wih 83 8% . In contast,
the ncrease forthe EU countriesw as 55 4% ,
rEpresenting an ncrease of around 410,000



publications, which is a rem arkable Increase
nonetheless, given that it acoounts for around
half of the total ncrease M the SCID atabase
(around 820,000 publications). Com pared to
the oAl Increase I the rates forthe SCT, the
hcrease In mates for countries and regions
otherthan the U S.ishigh, although these In-
creases are partly accounted forby the inter-
national pintauthorship of papers.

To make an ntemational com parison of
the achievem ents of Japanese R& D activites,
it is appropriate © base them on the world
chare. Figure 6-13 show s the ttends 1 the
shares of the output of papers by country.
Since 1990, Japan has been s=scond only t©
the U S. In the output of publications 1n the
natural sciences and engheering. Tn 1998,
among the 643,000 papers n the SCT - ex-
cluding the hum anites and social sciences -
the U S. accounted for 211,000 (328% ),
w hile Japan accounted for66,000 103% ).

D uring the period shown In the figure, the
U S. congistently had an overw heln Ing share
of over 30% of world output, despite a de-
cline starting in the 1990s. The output itself
has leveled off, but the reason forthis decline
In chare is not so much because of a reduc-
tion In the outputof papers M the U S., as it
is an ncrease In the output by other coun-
tdes.

Among these other countries, the shares
for Gemany, Frmnce and Taly ncreased
steadily n contrast o the leveling off or re-
duction In the shares for the U K . and Can-
ada from the m id-1990s. In com parison to
the tditonally high output of Eng-
lish-gpeaking countries like the U S., the
U K., Canada, and so on, there has been a
noticeable ncrease M the num ber of papers
from non-English speaking countries.

Fgure 6-1-3 Trends 1 country share ofpublished scEntfic papers haturmlscience and
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See:appendix @bk 6-1-3
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Because the SCI Database, used here for
calculation purposes, contains predom nantly
English-language papers, it could be clain ed
that there is an underestim ation in output for
non-English speaking countries. N onetheless,
with the exttaordmary development in the
globalization of scientific and technological
activites, Englich-language papers are be-
com Ing Increasingly important, and m this
senge, it can be argued that this Indicator re-
alistically show s the Influence of papers fiom
each country. M oreover, the ncrease In the
chare of papers fiom non-English speaking
countries dem onstrates an apparent ncrease
In papers written in English in those coun-
tdes.

Consideration must be given to the Inter-
national jpmt authorship of papers In the
analysis of the output of papers, since the n-
crease In the mtemational pintauthorship of
papers is one of the most extraordnary
trends am ong those affecting the output of
papers. Accoding to a cerain suwey In
w hich specific pumals in the SCI are ves-
tigated, am ong all scientific papers, the num -
ber of papers Increased by 20% n 1995
compared to 1981, while ntemationally
ohtauthored papers ncreased by three
tin es (see Reference [1]).

I the sam e suwey, the situation In each
country w as also exam Tned, and show ed that
the proporton of mtemationally jpintau-
thored papers was 25 to 40% of the toal In
the m ajprity of countries around the word.
The proportion In Japan, how ever, w as a low
15% .

Next, we discuss the frequency of scien-
tific paper ciations as an indicator of the
qualiative agpect of the output of papers.
The frequency of scientific paper citations is
the num ber of tim es a paper is cied by other
papers, and can be considered to reflect its
nfluence.

Figure 6-14 chows the rltionship be-
tw een tw o values: the share of papers on the
horizontal axis, and the share of ciations on
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the vertical axis. The staight line (slope = 1)
n the figure shows equality between the
chare of published papers and the share of
ciations. Points on the lne have a ciation
chare equal to the world average; In other
w ords, the num berof paper ciationsm atches
the output of scientific papers. For pots
above this Iine, the ciation share is higher
than the paper chare, m eaning that the in pact
of the papers exceeds the w orld average.

The U S. has the lagest share of papers
and its citation share is higher than its paper
chare, with aln ost half of the papers cied
throughout the world being of U S. origm.
Thus once can see the enom ous Inpact of
U S. papers. Folow Ing the U S. n citation
chare isthe U K .. The U K . also has a cia-
ton share higher than is paper share, and
thus its papers can be considerad to have a
high impact. The trend for the U K . ciation
share declined unti1 1988, but rose afler1989.
Japan s ciation share was mmnked fourth n
the world in 1994 .H ow evey, itsplot is below
the sraight line during the period shown in
the gmph, ndicating that its ciaton share
was amall rhtive t© is paper share, thus
suggesting that the in pact of Japan s papers
isnotvery high. h addition, the grow th of its
chare of citations has slow ed. D egpite aln ost
no Increase In the paper chares of G exm any
and France, their cimtion frequency shares
have risen.

The fact that Japan s ciation share is be-
ow the average for the leading westem
countries is partly due to the bias of the SCT
D atabase tow ards English-gpeakng countries,
as previously mentioned. How ever, this In-
dicator reflects the fact that English-language
publications are the mamnsteam of science
and technology output, and mn this sense,
show s the actual in pactof Japanese papers.



Fhure 6-14 Trends 11 cied countshare h sekcted countres (1981-1998)

60%

12%
UK.

50%

10%

G em any|

IS
o
&

w
=3
o

F 2
/ Y
o

Cied CountShare
g

Canada

Cied CountShar

/ﬂm{

10% 20% 30% 40% 50%
Shar of Published ScEntfic Papers

60%

4% 6% 8% 10%

Share of Publshed S cEntfic Papers

Notes:1) k& the valie ofon¥ naturalscience and engheerng.
2) 5 overbppihg-yearwas used as a ‘year’.

12%

Date:Based on the data of hstiute forS centfic hfom atbn, ‘WatbnalScince hdiators on D kette, 1981-1998 Delixe versbn)”, the Natbnal

Thstute of Scince and Technobgy Polcy totakd.
Source:appendi @bk 6-14

The fact that Japan s ciation share is be-
ow the mtemational average is shown even
m ore clearly by the rlative citation index n
Figure 6-1-5. The w»lhtve ciation ndex is
found by calculating the num ber of ciations
per paper for each country, and dividing this
num ber by the intemational average. The in-
temational average for the frequency of cia-
tions is setatone.

The value for Japanese papers from 1994
© 1998 was 0 82, which wasbelow the inter-
national average, and was even low er than
the 088 fiom 1986 t© 1990. Of the other
countries, the values for the U S. and the
U K., which had high whtve cimtion inn-
dexes to sart wih, showed no nhcrease,
w hereas the values for G em any, France, I
aly and Canada show congpicuous increases
fiom the begihning of the 1990s. The m-
crease In the paper chares of Gemmany,
France and Taly are also particularly notice-
able.

133

Fhure 6-1-5 Trends th RC Iofscentfic
papers 11 sekcted countres
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See:appendi tabk 6-15
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6-12 Num berofScientific Papers by
Area ofResearch

Indicators by area of research are ex-
ttemely imporant In clarifying the R&D
characteristics of each country; In particular,
the num ber of papers by field is indigpensa-
ble In compensating for the ndicators con-
ceming R&D resources that are difficult
classify by field. Th additon, they are in por-
tant In quantitatively expressing the achieve-
ments resulting from the organization of the
R&D system of each country and the dis-
trdbution of R& D resources.

Figure 6-16 chows the trends for the
shares of scientific papers by area of research,
excliding the hum anites and social sciences,
for Japan, the U S., Gem any and the whole
SCID atabase.

ForJapan, the grow th for clinicalm edicine
is particularly strking. The shares for phys-
ics and m aterdal science also ncreaged. B iol-
ogy and life science accounted for a large
chare during the period digplayed 1n the fig-
ure, and that share rem ained steady through-
out. The chare for chem istty, on the other
hand, fell contnually. The anall chares for
earth and gpace rlated a research field is
also characteristic of Japanese research pa-
pers.

In the case of the U S ., the shares forbiol-
ogy/life science, and clinical m edicine are
partcularly large, whersas the shares for
physics and m aterial science are an all com -
parxd to other countries. 1 Gem any, the
shares In physics and material science In-
creased, while the share for chem istry fell
sin flarly t© Japan. A slight ncrease can be
seen In the trend for earth and space rlated
fields.
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h orderto see the changes 1n the outputof
papers by area of research more clearly, an
ndicator called the Relative Com pamative
Advantage RCA) indicator can be used.
This value is the share of papers n each field
for each country divided by the worldw ide
cshare In each field. For example, clinical
m edicine acoounted for a chare of 222% of
Japanese papers In 1997. The worldw ide
chare for clinical m edicine was 26 4% . D i-
viding the 222% chare by the worldw de
chare of 26 4% yields an RCA Indicator of
0841 in this case.A value of one Indicates a
level equal to the w orddw de standard in that
fied.

The RCA has been found to be associated
w ith the national core com petence of a coun-
try, and is useful In considering w hich fields
Japan has core com petence In.

Figure 6-1-7 shows the changes In the
RCA indicator for Japanese scientific papers.
The Jarge num ber of papers in chem istry, and
physics and m aterial science has traditionally
been above the w orld sandard . H ow ever, the
values for chem istty have decreased signifi-
cantly, w hile the values for physics and m a-
terial science have rEmained virtually un-
changed or Increased gradually over the long
term . I contrast, despie the conspicuous
gowth In the values for clinical m edicine,
theRCA did notreach 1 even In 1997.

Fgure 6-1-7 Trends 11 RCA ofscEentfic papers by field hh Japan
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6 2 Patents

D ata conceming patents is an hdispensa-
ble indicator In undersanding the cunent
developm ent of science and tedhnology as
rlated o industry. W hile the data on patents
poovides a varety of mformation on new
technical know ledge, i does not coverall n-
ventions and technical know ledge, and is
best thought of as show Ing one aspect of sci-
ence and technology. Because of significant
differences in the value of patents according
to the Industry and the area of technology,
there are differences in the in portance of the
data. M oreover, it is difficult t© make In-
temational comparisons due t© significant
differences in the patent system s between
countries, and even w ithin the system of a
single country, there are problem s n the con-
tinuity of tim e-series data because of the in -
pactof changes to the system , changes In the
fees charged to applicants, and <o on. W hen
terpreting data conceming patents, itis in -
porant o ke the above ponts nto con-
sideration, and t acknow ledge their char-
acteristics and 1 iations.

621 The htemationalization of
Patents

A Tthough the data for patents has been t©o-
taled based on the institution In charge of
patents n each country, as an indicator of
R&D achievem ents, it ism ore appropriate to
total the data based on the country t© which
the applicant or the patent right holder be-
Iongs (Ornatonality, In som e cases) . Il prin-
ciple, itisthiskind of data thathasbeen used
below .

In the 1990s, there was a considerable in-
crease In the num ber of patent applications
w orldw ide. The greatest contribution to this
ncrease was an ncrease n the num ber of
applications com ng from foreign countries,
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as opposed to dom estic applications. Though
the ncrease of applications from foreign
countries is partly due to the mtemationaliza-
ton of patent application system s, the greater
nfluence is the result of the double counting
of applications m ade to several countries for
a single Invention, and this does not signify a
quantitative expansion of tedmological
achievem ents. N evertheless, there has been
definite progress in the rights for technology
that cross national boundaries, and in this
sense, there has been a 1apid developm ent of
the globalization of science and technology'.
Figure 6-2-1)

Fgure 6-2-1 Trends 1 num berofpatent
applicatons n the wortd
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See:appendix @bk 6-2-1

Figure 622 show s the changes over tim e
n the num ber of applications received by the
Japan Patent O ffice. Follow Ing the 1apid In-
crease Tn applications up untl the late 1980s,
the num ber leveled off n the m id-1990s. The
trend began to rise once agan from 1996.
The m ajority of applications m ade to the Ja-
pan Patent O ffice (90% 1n 1998) were by Ja-
panese nationals, w ith wlatively few made
by foreigners.
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Foure 622 Trends 1 num berofpatent
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A lthough there has traditonally been a
large gap betw een the num berof applications
and the num ber of patents granted, that gap
din nicshed in the lJate 1990s.M oreovey, there
w ere large fluctuations In the num ber of pat-
ents granted because of changes © the sys-
tem . The rapid ncrease n 1992 was a result
of the i pact of the introduction of an elec-
tronic application system , while the surge In
1996 was a result of a change to the system
enabling fomm al cbjections t© patents after
theirregistation.

Figure 6-2-3 chow s the state of patent ap-
plications n the selected countries. For the
U S. Gemany, France and the U K ., the
num ber of applications from foreign coun-
tres exceads the num ber for dom estic appli-
cations. Japan is the only country In which
the num ber of dom estic applicants exceeds
the num ber of foreign applicants, ndicating
an enormm ous dom estic bias. H ow ever, there
has also been an ncrease In the number of
applications made t© foreign countries by
Japarn .

The increase n the num berof extemal pat-
ent applications is a trend that is not only
apparent n Japan, but is com m on throughout
the five countres. This is especially true for
the U S., which has shown a sking increase
I the num ber of applications m ade to other
countries. This increase in the num ber of ex-
temal applications by the U S.was the result
of an Increase M the use of the PCT appli-
cation system designated by a number of
countres. In Europe, the use of the European
patent system has contrbuted to the Increase
In the num ber of applications made t© for-
eign countries.

Fhure 6-2-3 Trends 1 num berofdom estic and foregn applicatons 11 sekcted countres
(1991 t© 1996)
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Note:The data ofgraph & the valie 11 1991 to 1996 sequentally fiom the kftw ih each country.

Source:PatentAgency, ‘PatentAgency AnnualR eport”.
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Next we make a detailed exam mation of
the overseas patent applications for Japanese
and American Inventions. Figure 624
show s a breakdown of the num ber of Japa-
nese and American foreign patent applica-
tions by country for the top 19 countries in
1996 . The m ajorty of applications by Japan
werrmade n theU S., acocountng for22 6%
of the total. N ext is G emm any w ih only 8 3%
of the toal. The ttalnum ber of applications
made In the top 19 countries was 77 9% of
the to@lnum ber of foreign applications.

In comparson, for the U S., the largest
proportion of patent applications w ent to the
U K .; how ever, this am ounted t© only 3 6%
of the total and show s the diversity of coun-
tdes to which the U S.m akes applications. A
m ajrity of the countries - 14 of the top 19 -
were Eumopean, wih Japan ranking only
ninth. A congpicuous feature of the foreign
applications made by the U S. is that they
were made to a varety of countries, rather
than to a particular country. This is further il-
lustrated by the fact that the total num ber of
applications m ade t© the top 19 countries ac-

counts foronly 41 8% of the w orddw ide total.

It is obvious that U S. applicants are m aking
progress n obtaining the rights to technology
In countries w orlidw de.

139

Fhure 624 Num berofapplicatons t©
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Next, we look at the breakdown of the
share of patent applications by nationality of
the Inventor for each of the five selected
countries n Figure 6-2-5. The figure also n-
cludes the breakdow n of shares for the Euro-
pean PatentO ffice.

Among the countries shown In the figure,
theU S.,Gem any and Japan, have the great-
est shares of dom estic applications. O £ the
three, Japan has the highest share of dom es-
tic applicants w ih over 80% of the applica-
tions received by the Patent O ffice com Ing
from w ithin Japan, which is very high even
from a global sandpomt.

Looking at Japan § share of applications n
foreign countres, we see that the share for
the U S.is19 3% ,which is the highestof all
countries, excluding the U S. is=elf. The
chare for the European Patent O ffice is
17.7% , which is the third highest after the
U S.and G em any. ForG em any, France and
the U K ., the num berof applications from Ja-
pan isahealthy 10% foreach country.

Applications fiom the U S. account for a
large share n each of the recipient countries,
egpecially France and the U K ., where the
U S. chare is surpassed only by dom estic ap-
plications. G emm any also accounts fora large
chare of the applications received by the Eu-
opean Patent O ffice, France and the U K .,
show Ing the stength of the positon of is
patents n Europe.

A Tthough the num bers of patents ganted
are not shown in any graphs, the share for
each country is ughly equal t is share of
applications.

A comparigon of the chare of patent ap-
plications by field was made between the
patent offices of Japan, the U S. and Europe
(tefened t© as the "three r=gions" below ). It
w as found that there w ere no significant dif-
ferences between the three r=gions In the
chares for each field. A mor detailed look
cshow s that In the U S., daily comm odites
and physics had the highest shares; n Japan,
electrical and physics patents had relhtively
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high chares. Tn the European Patent O ffice,
chem icals and m e@llugy had high shares.



Fhure 625 Num berofpatents by Natbnalty of hventor n sekcted countres and r=gbn
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Fgure 6-2-6 Num berofpatentapplcatons by sector h Japan, U S .and Eumpe (1998)
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6 2 2 Com parison ofTechnical
Strengths According to Dataon U S.
Patents

Ih this section w e carry outa slightly m ore
detailed analysis using data on U S. patents.
The data forU S. patents is used here forthe
follow Ing reasons: Fist, there is no altema-
tive to the data on U S. patents, wih is
source of patent cimtions and scientific lit-
emture ciations, that generates the same
level of interest. Second, applications from
abroad for patents In Japan ar rlatvely
an all, making i inpossbl t© gan a clear
picture of Japanese R& D achievem ents from
an Intemational perspective. For this reason,
U S. patents are more appropriate In most

cases. The fact that the m ajority of In portant
Japanese nventions have had applications
made forthem In theU S. can also be mised
asa reason.

Figure 6-2-7 show s the share of gpplicants
forU S. patents by nationality. The share of
Japanese patents fncreased dram atically In
the 1980s. This growth slowed In the late
1980s, how ever, and actually fell in the late
1990s. Nonetheless, Japan mant@ined is
second place position next to theU S..

The U S. chare contiued to &Il untdl
around 1988, and afterthatrose untdl1993 . Ik
then fell once agam, wih the exception of
1996 . The G em an share show ed a long-term
decline, leveling off affterthe m id-1990s.

Fgure 6-2-7 Trends 1 num berofU S . patents granted by sekcted countres
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N ext, w e discuss the citation index forU S.
patents. n orderto show the details of an In-
vention as cbpctively as possble for U S.
patents, a patent exam nerm ust carry out ci-
tations on a varety of literature and previous
patents as determ ned by the law . U sing this
data on ciatons, the num ber of citations by
sucoeeding patents is totaled, m aking it pos-
sble © calculate a rlative ciation ndex, as
I the case for liemture. In the case of pat-
ents, the purpose of carrying out ciations is
to support or prove the origihality or the
Jevel of innovation of a patented invention
on the ciation side. Th m any cases, the value
of patents being sited can be thought to be
neutral. H ow ever, patents being cited can be
thought of as being rlatively more inpor-
tant™ .

Fhure 62-8 Trends 1 rehtive ciaton
InpactofU S .patents
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Source:CHIResearch Tc., 'WatbnalTechnobgy hdtrators Database.
See:appendi abk

% An em pirical testw as carred out to discoverw hether the cia-
ton ndex forpatents reflects theirtechnical value .A num berof re-
searchers agreed that specialists regard fiequently cited patents as
inportant (see References 2] and B]).
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A Jook atthe relative citation index by na-
tionality of ventors chows Japan being
above one In the early 1980s, on parw ih the
U S..In the Jate 1980s, how ever, there was a
dow nw ard trend, w hich resulted in Japan &2l-
Iing below one Figur 6-2-8). A slight in-
crease can be seen 1n 1995 and 1996. How -
every, if a certan num ber of years have not
elapsed In the data for patent citations, the
data lacks s@bility, which casts doubton the
reliability of the trend.

The values for the U S. show an increase
I the 1990s com pared to the 1980s, becom -
Ing sable. The values for other countries are
wellbelow those of Japan and theU S..

We will alo touch on the breakdown of
U S. patents by classification. Figure 62-9
chow s the 1998 com parison between theU S.
and Japan In the top ten classifications of the
118 @-figured classifications) specified In
the Ihtemational Patent C lassifications (IPC).
The U S. suypassed Japan In nine of the clas-
sifications. There is a partcularly big gap n
the number of U S. and Japanese patents In
the "m edicine and veterinary m edicine" field.
Japan, on the otherhand, surpassed the U S.
in the "photoinema" field, and was rla-
tvely close to the U S. In "basic electronic
circuiry" and telecom m unications technol-
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Fhure 62-9 Num berofU S .patents by
htematbnalpatentchssificaton Japan,
U S.and otal: 1998)
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See:appendix @bk 6-2-9

N ext, w e discuss the "Science Liinkage" in-
dicatorw hich show s the sength of the =la-
tionship betw een patents and scientific pa-
pers. The science linkage show s the num ber
of citations per scientific paper in the U S.
Patents Exam nation Report. A s described
previously, ciations of previously existng
patents and of a variety of literature are at-
tached t© the U S. Patents Exam fnation Re-
port n oxder to clarify the details of the =le-
vant patents. The science linkage indicator
w as developed w ith attention to the num ber
of scientific papers w ithin this report. Be-
cause the scientific paper ciations forpatents
can be thought of as show Ing a rlatonship
betw een technology fpatents) and the science
i depends on, the stength of the science
Iinkage can be Interpreted as show ing the

144

strength of its relationship to science. M ore-
over, since the cimtions are m ade by the ex-
am ners ather than by the applicants, their
objectivity is relatively high.

Figure 62-10 show s the trends forthe sci-
ence linkage of U S . patents by nationality of
the applicant. A1l of the values are rsing,
which seem s to Indicate a strong relationship
betw een patents and scientific papers. Ex-
am ning the trends by country, we see that
the U S.values are the highest, increasing re-
m arkably. The values for Japan, m eanw hile,
are the Jow estof the five countries shown on
the graph, and the digparity w ith the other
countries w idened In the Jate 1990s.

Fgure 62-10 Trends i the Scence
Likage ofU S .patenti sekcted
countres
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See:appendi tabk 6-2-10

The science linkage values differ consid-
erably from field to field, and are fairly low
In a1l fields. There are several life science re-
lated fields w ith high values. Figure 6-2-11
show s the trends for the science linkage val-
ues of Japan and the U S. for the top three
fields - '"biochem istty and m icrobiology™,
"organic chem isyy" and "m edicine and vet-



erinary m edicine" - n additon to the other
fields w ith the highest total num ber of cia-
tions I scientific literature. The ciations for
these six fields account for 60% of the total
citations in the scientific literatire w ith re-
gard © U S.patents.

The U S. science lnkage values exceed
those of Japan in all six fields, and is ex-
temely large In "biochem istry and m icro-
biology" w ith a value of 23 3 (In 1998).The
m ajrity of genetic engineerng-related pat-
ents have been mcluded mn this field, ena-
bling us t© see the close rlationship betw een
the scientific papers and patents 1n this field.

Fgure 6-2-11 The Science Likage by
maprfeds h Japan and U S. (1998)
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See:appendix @bk 6-2-11

The science Inkage trends in the top four
fields - "biology and m icwobiology", "or-
ganic", "m edicine and veternary m edicine",
etc. - are shown in Figure 6-2-12 forthe past
ten years, forJapan and the U S.. The values
for the U S. show remarkable ncreases in
contrast t© the values for Japan, which de-
goite show Ing an Increage, are com paratively
anall. The soeed of gowth In the "basic
electrical circuitry" field is slow com pared t©
the other three fields, but accounts fora m a-
Jor position among the fields, and digplays
Steady Increases.

Four:6-2-12 Trends 11 Scence Lihkage
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6 3 Trade In Technology

Generally, granting the rights to use a
certain techno]ogym to a forrign resident
company or Individual for some pay is
known as technology export. Conversely,
paying a foreign resident company or ndi-
vidual for the rights to use a technology is
known as technology inport (or technology
ntroducton) . The two of these together are
known as technology trade, whose data is an
m portant m easure of the technological level
of a country on an ntemational basis. A
com parison betw een the value of technology
exports (@m ount received) and the value of
technology in port (Em ountpaid) can be used
as an ndicator t© reflect the tecdhnological
strength of a country by show iIng a com pari-
son between technology trade income and
expendiures. The data for technology trade
is also In portant In show Ing the ntemational
m ovem ents of technical know ledge.

A s a resultof the globalization of business
In recentyears, the technology trade betw een
affiliated com panies based overseas, and =0
on, and technology transfers w ithin business
groups have surfaced as trade betw een coun-
tres and must aleo be taken nto considera-
ton.

Th Japan, the r=presentative statistics con-
ceming technology trade are those of the
Bank of Japan, and the M anagement and
Coordnation A gency. In this chapter, we use
the statistics from the M anagem ent and Co-
ordnation Agency I Sections 631 (those
conceming Japan), 6 32 and 6 3 3. The sa-
tstdcs fiom the Bank of Japan are used In
Section 63 5. In additon to the above, an
analysis of the details of technology im ports
is made using the N ational hsttute of Sci-

? These clude intellectual property rights, asw ellas rights for
designs, blueprints, and so-called "know -how ", etc., w hich are
granted based on the law s forpatent rights, utility m odel rights,
tradem ark rights, design rights, literary rights, and so on.

146

ence and Technology Policy's "An Analysis
of the Trends In Foreign Technology Im -
ports" In Section 63 4.

631 htemationalCom parison of
Technology Trade

The data for the technology trade of the
five majpr ndustrialized countrdes can be
Seen In Figure 6-3-1. The upper part of the
graph show s the value of technology exports,
w hile the Jow erpart show s the value of tech-
nology in ports. O nce again, the figures have
been converted nto yen using the OECD s
purchasing pow er party, enabling a direct
com parison of the value of technology trade
foreach country.

It can be seen that value of both technol-
ogy iInports and exports for Japan are small
on an dosolute scale. However, a sinple
com parison of countries is not possible due
to geographical differences. Instead, we
would lke to highlight the r=lative relation-
ship between values of technology exports
and in ports, asw ell as the annual trends.

Looking at each country in detail, we see
that there w as considerable grow th In Japan s
technology exports n the 1990s, w ith tech-
nology expors exceeding the inports fiom
1993. The tedmology exports In 1998
am ounted to 916 1 billion yen, while in ports
were 430 1 billion yen.

U S. technmology exports are overw helm -
ngly high, wih an amount 8 times higher
than thatof Japan 1n 1997.The trends show a
prom nent ncrease fiom the late 1980s, and
although the technology In ports Increase on
an annual basis, they are am all relative to the
value of exports, kading t©o subsantial gaps
I the technology trade ncom es and expendi-
tures. The ratio of technology exports to in -
ports is 358 1 1997, which is exceptionally
large am ong the countrdes shown m the fig-
ure, and show s the sttong Influence of U S.
technology. N onetheless, this atio shows a
Iong-tem declne.



The values for both technology imports
and exports for G em any exceed those of Ja-
pan.Both values ncreased aln ostevery year,
although there was an excess of technology
Im pourts over exports during all of the years
shown I the graph (from 1980 t© 1997).

Among the countres shown on the graph,
the values of technology in ports and exports
for France were an all, on par w ih those of
Japan. This figure has not Increased over
tine, and there was a slight decline 1 the
trend for technology exports, w hile the trend
for technology In ports moved sidew ays. A s

w ith G em any, there is an excess of tedhnol-
ogy inpons over exports during the years
shown in the graph (from 1980 to 1996).

A lthough the trends in the values of tech-
nology exports and mmpors for the UK.
show an overall ncrease, they fuctuate from
yearto year. D egpite an excess of technology
trade expenditires over moomes In the late
1980s, the opposite w as true form ost of the
period before and after this. Technology ex-
ports 11 1996, how ever;, fell n com parison t©
the previous year, resulting In an excess of
1IN PoUs Over exponts.

Fhure 6-3-1 Trends 1 technobgy ttade 1 sekected countres
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See:appendi tabk 6-3-1
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W e mustalso consider the influence of the
geographical and historical conditions of
each country, as well as Intemational r=la-
tions, and g0 on, on the technology trade.
Figure 6-32 chow s the Jevel of trade In tech-
nology relative to the toal trade h goods and
services. Below, we mfer to the mmto of
technology exports to total exports as the
"echnology export mtio", and forthe ratio of
technology mports t© toal inponts as the
"echnology in portatio".

The technology exportratio forthe U S. is
the highestat 3 6% , followed by G em any at
21% , and Japan at 15% . M eanwhile, the
technology in port atio w as particularly high
forGem any at 2 6% , while the other coun-
tdes w ere roughly on par w ith each other at
09% 1% .Only Gem any and Francehad a
technology in port mtio exceeding the tech-
nology exportatio.

Overall, the values for Japan are lower
than those forthe U S. and G em any, though
the differences are not as pronounced as In
Figure 6-3-1. The absolute values for Japa-
nese mponts and exports are analler than
those of both the U S. and Gem any, which
partially explaing the am all technology trade
figures for Japan. D egpite this fact, Japank
technology trade figures are not particularty
large com pared © the U S.and G emm any.
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Fgure 632 Ratb ofAllttades and
technobgy trade 11 sekcted countres

Ratb of Technobgy Exports and Tn ports

Soure:0ECD, 'WatbnalAccounts, M ahh Aggregates:1999”
OECD, ‘Bast Scknce and Technobgy Statstics 1998”
See:appendi tabk 632



6 3 2 Technology Trade by hdustry In
Japan

Ih this section, we discuss the technology
trade conditions In Japan. The discussion of
the tedhnology trade statistics, w hich are bro-
ken down by industry and region, isbased on
the M anagem ent and Coordmation Agency s
"R eport on the Survey of Research and De-
velopm ent”.

Figure 633 show s the ttends In values of
technology trade exports and in ports for all
Industries in Japan.
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The value of tedhmology exports rose dra-
m atcally around the m id-1990s, w ith par-
teularly significant growth In FY 1997 and
FY 1998. In contrast, despite an Increase
n the value of technology inports from
FY 1994 to FY 1996, there were consecutive
decreases n FY 1997 and FY 1998.

The otal value of technology exports for
all industries In Japan was 916 1 billion yen
I 1998, while the total value of in ports w as
430 1 billion yen, m eaning an excess of 486
billion yen :n technology exports over in -
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pouts (see Figure 6-34).

The industries w ith the largest technology
values of exports were the "™ otor vehicles
Industyy" 4308 billion yen - 47.0% of the
ol forall ndustries), and the "C om m unica-
tions and electronics equipm ent ndustry™
(158 6 billion yen - 173% of the to@l), to-
gether acoounting for 64 3% of the total ex-
portam ount. N extw as the "D rugs and m edi-
cines Industry" w ith 80 5 billion yen, or8 8%
of the toal.

The industry with the largest am ount of
technology in ports w as the "Com m unication
and electronics equipm ent Industry” (163 bil-
lion yen - 379% of the total for all indus-
tdes), the "Dmgs and medicines industry™"
(38 5 billion yen -8 9% of the toal), and the
"Ihdustrial chem icals and chem ical fibers"
(16 4 billion yen -3 8% of the total) .M ore-
over, degoite being at the top for technology
exports, the technology in ports forthe "™ o-
tor vehicles industry" am ounted t© only 6 2
billion yen.
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N ext, w e Jook at the trends 1n the ratios for
technology trade ncom es and expenditires
({ie. Jogarithm ic expressions for the atio of
value of exports to inports) of the five lead-
Ing ndustries, asshown n Figure 6 3-5.

Th Japan, the grow th rate In tedhmology ex-
ports has been high com pared to the mte for
technology in ports I recent years, w ih the
result that the ratio for lnoom es and expendi-
tures In technology trade has increased yearly.
The ratio exceeded 1 for the first time In
FY 1993 for all industries together, and con-
thued to grow after that, raching 213 1
FY1998. The trend chows that the 1n-
ocom efexpendiure mto rem ained close t© 1
from the m id-1980s to the begining of the
1990s. Thiswas a result of an Increase In the
technology in ports t© Japan during this pe-
riod, despite an Increase In the am ount of
technology exports by Japanese ndustry. Ik
can be seen from the gmph that the In-
ocom e/expendiure ratio finally rose I the late
1990s.

Foure 6-3-5 Trends © Japan'’s
technobgy trade baknce
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Figure 636 chow s the trends In the tech-
nology exports for the five leading Industries,
while Figure 6-3-7 chows the tends for
technology in ports. Exam ining the technol-
ogy trends togetherw ith those shown in Fig-
ure 635, we see the following chamac-
teristics foreach of the mdustries.
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The "Idustrial chem icals and chem ical fi-
bers" show s Iow grow th 1ates In the values of
both tedchnology exports and in ports com -
pared to the average for all industries. Tech-
nology exports were around 20 billion yen
fiom the end of the 1970s to the m 1d-1990s,
but passed the 30 billion yen mark in 1996.
Technology in ports, on the otherhand, fluc-
tuated on an annual basis, wih long-tem
m ovem ents In the range of 15 and 20 billion
yen firom the 1970s onw ards. From FY 1973
until the present, these Industries experienced
a trade incom efexpenditure mto above one
(ie. an excess of exports over I pouts), ex-
cept In the fiscal years 1982, 1983 and 1991,
and in 1998 the ratio w entabove two.

The value of mports for the "D g and
medicine industyy" exceeded those for ex-
ports from the 1970s to the m id-1980s. The
ttade mnoome and expendiiie m@to was
mwughly the sam e as the average forall indus-
tdes over a ten-year period starting in the
m d-1980s. Tn 1996 the matio exceeded one,
and Increased even further after that, going
above two 11 1998.

The technology exports for the "Tron and
steel ndustry" passed the 10 billion yen
mark In FY 1975 and continued to rse after
that untdl the m id-1980s. Th 1983, the Indus-
try reached 402 billion yen, but began a
fluctuating dow nw ard trend after that, falling
to 119 billion yen In FY 1998. M eanw hile,
technology inports moved between a -
tvely Jow ranges of two to eightbillion yen
from armund the m id-1980s. A s a result, the
trade ncom e and expenditure mtio for the
“Tron and steel industyy” w as w ell above one
from FY 1974 onw axds, thus Indicating a sur-
plus in technology exports firom early on.

The technology exports for the "Commu-
nications and electronics equipment ndus-
ty" were second only © those of the "M otor
vehicles industry,” and the technology in -
ports wer exttemely lme. The -
com eexpendiure m@mto was consisently
Iow er than the average ratio for all "M anu-
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facturing ndustries,” and showed an excess
of Inports over exports during the period
shown i the gmph. Nonetheless, the matio
displayed a Iong-tem increase that reached
097 InFY1998.

The '"M otor vehicles industry" had a
technology export surplus sarting In FY 1981,
w ith a r¥sing fncom eexpendire rato from
that time. Tn FY 1998, the export am ount ex-
ceeded the In portam ountby a staggering 70
tm es. Exam Ining the trend of the tade In-
com e and expenditure m@to, we see that it
wse remarkably from the 1980s, and even
while the ratio for other ndustries hovered
around one, the M otor vehicles industry w as
the only one to continue pastone. The indus-
try did, how ever, show a tem porary decrease
1 1992, butcontinued t© rise agan after that.

6 3 3 htemationalTechnology Trading
Partmers ofJapan

An exam ination of the breakdown of tech-
nology trade statistics by region enables us to
clarify the technology rlatonship betw een
Japan and the other countries, and gives us a
picture of the actual conditons of Japanese
hdustral technology. It is from  this perspec-
tive thatwe w illview the breakdown of tech-
nology trade satistics by region and ndustyy.

h the satstics found In the M anagem ent
and Coordiation Agencys "The Value and
Volum e of Technology Exchange by Region
and Ihdustyy" n the "R eporton the Survey of
Research and Development", "mew con-
tracts" and "continuing contracts" are not re-
corded separately. Consequently, all of the
trade figures discussed for these iEm s are
aggregatesof the two.

(1) Technolgy Exports

Figure 6-3-8 show s a breakdown of the ex-
port am ount by region i the five leading in-
dustries In FY 1998. O f the toal technology
exports of 916 1 billion yen forall industries,
exports to North America accounted for
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480 4 billion yen, which was 52 4% of the
toal. Thiswas follow ed by 251 3 billion yen
R74% ) © Ash (xcliding wesem Ash,
w hich w {Il e the case forthe restof this sec-
tion), and 155 billion yen (16 9% ) to Europe.

W ithin the technology exports to North
America, the "M otor vehicles industry” ac-
counted for the largest chare at 63 4% . The
"M otorvehicles industry” also accounted for
the m ajority of technology exports t© Europe
wih a 401% chare. On the other hand, the
“C om m unications and electronics equiom ent
ndustty” had the strongest technology ex-
portstoAsia,wiha36 6% dhare.

A breakdow n of technology exports by re-
gion for each industry indicates that North
Am erica was the heaviest buyer of technol-
ogy from the "M otorvehicles ndustry” w ith
707% of the share, whereas A sia was the
largest export r=gion for technology for the
“Com m unications and electronics equiom ent
ndustry” (68 1% ) Forthe “dustrial chem i-
cals and chem ical fibers”, A sia accounted for
44 0% of the technology exports, follow ed
by North America wih 32 3% , and Europe
by 21 5% . For the "Dg and medicine in-
dustry,” N orth Am erica accounted for 75 0%
of the o], n contrast to A sia, which ac-
counted for a mere 05% . North Am erican
share of technology exports from the “Tron
and steel ndustry” was 361% , suypassing
theA sfan chare 0£34 1% forthe firsttime.
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Fhure 6-3-8 Breakdown ofJapan’s
technobgy exports by regbn and m apr
hdustries FY1998)
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A survey of the cunrent trends In the break-
down of tedhnology exports by region is
shown In Figure 6-3-9. The r=gion 1 the top
position changed forthe firsttime In FY 1997
when a sharp decline In technology exports
to Asia 2851 billion yen, 34% i 1997),
which was In econom ic tum oil, was sup-
plnted by a sudden ncrease n exports to
North America (3945 billion yen 34% in
1997).Degoite a downw ard trend In the Eu-
opean share, there was a slight Increase In
1998 forthe firsttim e In 4 years.



Fhure 6-3-9 Trends i Japan’s technobgy
expous by regibn
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@) Technobgy Inports
Technology in ports forFY1998

Figure 6-3-10 show s a breakdown of tech-
nology inports by mgion for all ndustries.
The total am ount of technology in ports w as
4301 billion yen, 3061 billion (712% ) of
which came fom North America, and 118 5
billion yen 27 56% ) from Europe - together
accounting for98 8% of the total.

Fhure 6-3-10 Brrakdown ofJapan's
technobgy in ports by regbn and m apr
hdustres FY1998)
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The cunent trends In technology im ports
forall ndustries show that Europe and N orth
Am erica consistently account for the largest
proporton . The N orth Am erican share ranges
from 60 t© 70% , while the European chare is
friom 30 to© 40% , with very little change. In -
ports from the other regions are around 1% .
O bviousgly, the tedhnmology in ports from A sia
are extrem ely gn all, though they have been
rising since FY 1991.

A s m entioned previously, Japan s partners
In technology trade are m ostly concentrated
In the North Am erican, Eurmopean and A sian
regions for m ports and the N orth Am erican
and European regions for exports. The trade
Tnoom e and expenditure mto for all ndus-
tdes together has continued to grow year by
year sihce FY1992. North America and
Europe, w hich had an excess of in ports over
exports untl recently, began having an ex-
portsurplus forthe firsttime M FY 1997 .De-
Foie a decrease I the value of technology
exports o A sia, the large export surplis re-
m ains unchanged.

Fgure 6-3-11 Trends 1 Japan’s
technobgy in ports by regbn
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A comparison of the value of technology
exports Figure 6-3-8) and Inports Figure
6-3-10) chow s a trade Incom e and expendi-
ture ratio of 1 57 forNorth Am erica, 1 31 for
Europeand 71 5 forA sia n FY 1998.

6 3 4 Num berofTechnology In ports
by Field

One of the sets of the statdistics rlated to
technology trade for Japan is from "Analysis
of Trend In Technology Im port! by the Na-
tional Isttute of Science and Technology
Policy® . A Ithough these statistics are lin ited
to technology I ports, it is a category of data
that is unavailable from the M anagem entand
Coordination Agency or the Bank of Japan,
and is useful In clharfying the technology
fields w ith the greatest number of inports.
Follow Ing is an overview of technology im -
ports by field.

(1) General Trends 1 Technolgy In ports

To get a clear picture of the significant
flow s of technology in ports fiom overseas,
we w il exam ine the trends for the toalnum -
berofnew tedhmology in ports shown in Fig-
ure 6-3-12.Am id the continual fluctuatons,
the trend 105 In the Iong tem |, hitting a peak
of 3,901 in FY1995*, and declining after
that. n FY 1997, the num ber of new technol-
ogy Inpouts was 2,685, a decrease of 15%
com pared t© a previous fiscal year previous,
and equal to the sam e level as previous ten
years.

® The survey by the N ational Tnstitute of Science and Technol-
ogy Policy w as carried outbased on reports w hich m ustbe subm it
ted to the Bank of Japan at the tim e of the conclusion of a technol-
ogy In portcontract, asbased on "Law s Conceming the M anage-
m entof Foreign Exchange and Foreign Trade" . The details of the
abulation are the num ber of contracts for in porting technology'.

“ Thisw as largely influenced by special circum sences after
1986, n w hich all contracts for fberrelated tradem arks in ported
from the U K .up until the end of A pril 1995 w ere rescinded.
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Fhure 6-3-12 Trends i the num berof
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See:appendi tabk 6-3-12

@) Breakdown of Technolgy by FeH

Looking at the num berof In ports by field,
w e see that there were 2 685 in ports of new
technology In FY 1997, the m ajority of w hich
w ere for the electronics field w ith 1,735 in -
pouts (64 6% of the toal), followed by ma-
chinery at 254 (95% ), then chem ical at 184

9% ), metmlsat35 (1 3% ) and othersat477
(17 8% ).The trends in the com position of the
technology fields are shown I Figure 6-3-13.
The electtonics field continued t© grow until
FY 1993, but showed no change after that

exceptforin FY 1995.

n the “E lectronics field,” 1,349 of the In -
ports were for practical devices (1,290 of
w hich w ere electrical com putational devices),
which acoounted for the m ajority. This was
followed by 169 im ports for electronic com -
ponentsfevices, and 168 inports for com -
munication equipment. I the “Chem ical
field,” 67 Imports were for pham aceuticals,
while In "O ther" there were 237 inpous for
clothing and textiles.



Fhure 6-3-13 Trends h breakdown of
overseas technobgy in portcontacts by
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@) Technobgy I ports forSoftware

A s mentoned above, the number of in -
ports n the electronics field accounted for a
large proportion of the total at 552% (n
FY 1997).The large num berof m ports 1n the
electronics field, n com parison to the other
fields, is a prim ary factor n the Jarge num ber
of mports In computer software, at 1,376.
The share of technology in ports in softw are
has ncreased year after year, and has sur-
passed the nmumber of software-excluded
technology i ports since FY 1993, other than
In FY1995. However, there was a 15% de-
clne In FY1997 compared t© a prEvious
year.

Fhure 6-3-14 Trends 1 num berof
soflware in portcontracts rhtive o otal
technobgy htroductbn contracts
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6 3 5 Technology Trade Statstics for
Japan

The reEpresentative technology trade satds-
tcs for Japan are those of the Bank of Japan
and the M anagement and Coordination
Agency. How ever, while both omganizations
dealw ih tedmology trade, there are signifi-
cant disparities betw een their data, particu-
larly n the data for value of technology in -
potts (see Figure 6-3-15).

A s a result, there are big differences In the
technology trade ncom e and expenditure -
to (ie. technology inport am ountAechno-
Jogy exportam ount) derived from each setof
data. For example, In FY 1998, the M anage-
ment and Coordnation Agencys satistcs
chow a mato of 213, ndicating an export
surplus. I the satistics for the Bank of Ja-
pan, on the otherhand, the ratio is 0 8, indi-
cating an excess of inports over expous.
How ever, these digparities are explained by
the differences In the purposes, m ethods and
1anges of the surveys by the two: The Bank
of Japan s chief purpose is the m anagem ent
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of foreign cunrencies, w hile the M anagem ent
and Coordination Agencys chief purpose is
to grasp the actual conditons for R&D ac-

Fgure 63-15 Trends n Japan'’s
technobgy ttade FY1998)
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See:appendi tabk 6-3-14

There are three main reasons for the dis-
parities betw een the statistics forthe Bank of
Japan and the M anagem entand C cordination

Agency:

1) The statstics for the M anagem ent and
Coordination Agency exclude a number of
ndustres, such asw holesale, retail, food and
beverage, finance and nsurance, r=al es@te,
and the service industry. The industries tar-
geted under technology trade are not lin ied
to the m anufacturing ndustries, and m ust n-
clide all industries.

2) The satistics for the Bank of Japan ex-
clude know -how accom panying factory ex-
poxts, asw ell as the value of technology con-
sultng for ndustry. However, technology
consultng, and so on, w hich occurs w ith the
export of factories, etc. m ust be Included as
partof technology trade.
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3) Snce the value of esablishing transfer-
ence and usage rights for tradem arks is In-
cluded In the statistics forthe Bank of Japan,
these must be subtracted. Even if therr are
ndustrial ownership rights, stoong clain s to
non-technical elements such as tradem arks
m ustbe ram oved from technology trade.
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S cEnce and Technobgy

Chapter 7

This chapter w ill exam ine the im pact that
science and technology activities have on
Japan s economy and society. Section 1 will
present technological progress and in prove-
ments I productivity, Section 2 w ill present
nnovations In new product developm ent,
Section 3 will deal wih the effect that :n-
form ation and comm unications technology
has on society and the econom vy, and Section
4 will present the contrbution of life sci-
ences. Relevant ndicators w i1l also be pre-
sented In each section.

7 1 Technolbgical Progress and
In proved Productivity

Progress In science and tecdhnology has an
in pact on our society and econom y through
a variety of mutes. For exam ple, the appear-
ance of new products m akes our lives m ore
com fortable, and the reduction In working
hours bmought about by the introduction of
new processesm ay provide people w ith m o-
e leisure time. In this way, the mmpact that
progress In science and technology has on
society and the econom y is com plex and di-
verse, and for som e tim e now attem pts have
been made 1n a variety of fom s © create a
general indicatorof these effects.

This section w ill exam Tne the inpact that
science and technology has on our society
and economy from the perspective of im -
provem ents In productivity. Productivity re-
fers o the volum e of output per unit of fac-
tors Input nto production activides, and
there is a possibility that technical know 1-
edge, one of the outtomes of science and
technology activites, m ay i prmove this pro-
ductivity by being em bodied in new products
and new processes. A ccordingly, it is possi-
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ble to gragp the econom ic contrbution of
technological progress using the mte of
grow th In productivity as an indicator.

A lthough there are a varety of different
form s of indicators of product'r_vjry,(l) this
section w ill focus on two indicators of pro-
ductivity In particular: labor productiviy of
added value and total factor productivity. A s
w illbe m entioned later, these Indicators have
their lin i@tions, but they are regarded as
useful as a prin ary border to gain a picture
of the impact of technological progress on
society and the econom y.

711 Raisihg LaborProductiviy of
Added Value

I this paragraph firstly we w ill deal w ith
Jebor productivity of added value ealGDP
per capia) and look at long-temm tends
w hile draw ing Intermnational com parisons.

® The following types of classification are genemlly used as
ndicators of productivity. Idexes which measure output as
physical output are called physical output, and Indexes which
measure the value of output are called value of output. An index
that m easures the factors nput by capital (stock) is called capial
productivity, and an indicator which m easures it in temm s of labor
fum ber of persons em ployed or totalw orking hours) is called labor
productivity. Physical productivity is restricted to cases where it is
possible t© assess production In tem s of physical volime, s it
cannot be applied to measuring productivity of all econom ic
activides moowomting the sewice mdustty. Therfore, as a
m acroeconom ic indicator, productivity of added value is used,
which takes as is num emtor Gross National Product GNP) or
G 1o0ss D om estic Product GD P) calculated as the total value added
by a country.
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Fig.7-1-1 show s an ntemational com pari-
gon of changes over tim e In Jabor productiv-
iy of added value @=al GDP per capia) on
the basis of actual figures In the five m ajor
ndustrialized countries.” The lbor pro-
ductivity of added value of the four countries
apart from Gem any, which experienced an
ntegration of East and W est .n 1990, have
generally been rising fiom FY1981 to
FY 1996. Com paring the five countres fiom
the perspective of absolute levels of Lbor
productivity of added value, the superiority
of the U S. r=m amns unchanged, w ith the fig-
ure rising from 8 46 m illion yen t© 9 90 m il-
Tion yen over the 16 years from FY 1981 to
FY1996. Additonally, France has secured
the position behind the U S ., w ith laborpro-
ductivity of added value over this 16-yearpe-
riod increasing from 7 16 m illion yen to 9 14
m illion yen.

h contrast, the relative positions of Japan,
the U K .and G em any have fluctuated som e-
w hat. Th these fluctuations, Japan s Jaborpro-
ductivity m FY 1981 was 538 m illion yen,
Jow est of the five nations, but in FY 1989 it
1ose above thatofthe U K .,and m FY 1991 it
1ose above thatof G emm any to reach the third
position am ong the five countries. H ow ever,
grow th In Jaborproductivity slow ed fiom the
m id-1990s, w ith Japan f&llng t© becom e the
low estranked country again In 1994 and
subsequent years. The low growth from
FY 1994 is regarded as reflecting the inpact
of econom ic recession.

® Real GDP per member of the labor force (gee Table 7-1-1) is
calculated by mulbplying the actual figures for real GD P per capia
of each country (figures in 1,000 yen, 1990 prices) w hich appears n
the Iitemational C om parison of Labor Productivity (1998 edition)
published by the Productivity Research Isttute of the Japan
Productivity Center for Socio-Econom ic D evelopment (see Table
7-1-1) by the total population of each country, then dividing the
result by toal employment (see Table 7-14). Figures for ol
population and total employm ent were taken from OECD Labor
Force Statdstics 1977-1997 (1998 editon) .
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Valie-Added Labor P roductiviy

Fgure 7-1-1 htematonalcom parison of
valie-added Bborproductiviy
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Source :Japan Productiviy Center orSocb-Econom &
D evebpm ent, “htematbnalC om parson of Labor
Productiviy” Y1998 edibn)

See:appendx @bk 7-1-1

Fgure 7-12 Trends 11 valie-added Bbor
productiviy hdex h sekcted countries
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Note:A curency conversibn w illbe based on the purchasihg
pow erparty ofprice 11 1990.

Source :Based on Japan Pwoductiviy Center forSocb-Econom &
D evebpm ent, “htematbnalC om parson of Labor
Productiviy” FY1998 edibn)

W hatexclided added valie Bborproductivity ofeach
country and each fiscalyearw th the valie 1 the 1990
fiscalyearw ih the added valie Bborproductiviy hdex.

See:appendx @bk 7-12



h oder to further clarify the changes over
tim e In Jabor productivity of added value m
the various countres, Fig. 7-1-2 has been de-
vised t© com pare how the labor productiviyy
of added value of each country In each fiscal
year t© the level of labor productiviy of
added value n FY 1990 herhafter “the la-
borproductiviy of added value of each fiscal
year/labor productivity of added value in
FY 1990”) is refened to as "the Iaborproduc-
tvity dex of added value").

Looking at the Jabor productivity index of
added value, Japank labor productiviy of
added value improved dmamatically I the
1980s, and while it leveled off somewhat in
the early 1990s, it sarted to rise again In
1995. The other four countries also experi-
enced rises In productivity across the board
n the 1980s, but the mcreases were of a
lesser m agnitude than those experienced by
Japar .

Looking at the change in labor productiv-
iy of added value over the whole period
(1981-1996) rhtve to the average annual
gowth mate, Japan rmecorded the highest
grow th ate at 2 15% , llowed by the U K.
(193% ), France (164% ), the US. 1.05%)
and Gem any (0.76% ).

N ext, lets m ake an intemational com paxi-
son of the changes over tine I the average
annual grow th rate in Jabor productivity of
added value, dividing the whole period up
o the 1980s and the 1990s. Tn the 1980s
Japan s superiority rem ained unchanged, and
the average annual grow th rate 0£2.74% was
a high level. This figure was much higher
than that of the UK. Q26% ) and France
@ 22% ).Upon entering the 1990s, how ever,
the growth mate slowed dram atically, drop-
phg to 148% , but mantaining the second
position am ong the five countries. A gin ilar
phenom enon was also observed In France,
w ih the grow th rate of 222% in the 1980s

® See Table 7-1-2 and Table 7-1-3.
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dropping dram atcally to 0 99% 1n the 1990s.
I contrast, the U K. managed © w=ain a
sin ilar level of grow th In both the 1980s and
1990s, w ith the figure of 2 26% In the 1980s
only dropping t© 1.94% In the 1990s. Finally,
the labor productivity of added value 1 the
U S. is highest of the five countrdes when
view ed as an absolute level, but its average
gowthmtewas1.05% FY 1981 to FY 1996),
half of thatof Japan.

The differential betw een laborproductivity
In Japan and other countres is nanow Ing as
the years go by. Forexam ple, the differential
wih the U S.was 573 points In 1981, but
this fell to 33 8 points In FY 1996. The dif-
ferentialw ith France was 33 .0 polnts 1n 1981,
but this fell to 23 6 points 1 1996. Tn ad-
dition, the differential w ith the Jabor produc-
tvity of added value of the U K . and Ger-
m any w as aln ost cancelled out in FY 1996.%
B ecause labor productivity of added value is
an Indicator defined as the mal GDP per
mem ber of the lJabor force, it is greatly af-
fected by the employment rate defined as
the lbor forefrhole population) :n the
country In question. Therefore, if Jabor pro-
ductivity of added value is inproved by re-
ducing the em ploym ent rate, this change can-
not be nterpreted as being directly linked to
an in provem ent in the standard of living mn
that country. This point needs to be taken
Into accountw hen m aking com parisons.E’)

® T each fiscal year, the Jabor productivity of added value foreach
country has been divided by Japan s labor productivity of added
value before com parison.

® For exam ple, France’s labor productivity of added value is next
after that of the US (see Fig. 7-1-1), but when comparing the
countries In term s of GD P per capita, In FY 1990 and subsequent
years France is ower than Japan (see Fig. 7-1-11). This can be
attrbuted to France’s Iow employm ent ate compared o the other
fourcountries (see Table 7-1-5).
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71 2 TechnolbgicalProgress and
Changes n TomlFactor Productiviy

Th the previous paragraph w e Jooked at the
changes over tine In labor productivity of
added value of the five m ajor ndustrialized
countres, and an Intemational com parison
was made w ith Japans figures. Icidentally,
TBborproductivity of added value is an index
of productivity which takes Jabor as the only
factor of production, but n today s econom vy,
m achinery and other capial equiom ent other
than Jaborare also nputas factors of produc-
ton . It is therefore desirable that Total Factor
Productivity (TFP) — the matio of total added
value forall factors of production (aborand
capial) - be exam ined In order to gan an
overall picture of the efficiency of a country' s
production activites.

Toal factor productiviy iepresents the
am ount of added value perunit of all factors
Tnput, and may be hterpreted as ndicating
the efficiency of production tedmology in a
country s econom y. Therefore, grow th In to-
Al factorproductivity m ay be regarded as an
m provem ent In the efficiency of production
technology or technological progress. This
can be understood by considering it in the
follow Ing w ay. If the Input of total factors of
production is doubled in the cument fiscal
year, and the tal added value of the follow -
Ing fiscal year is double that of the cunent
fiscal year, then the ncrease In total added
value can be explained totally by an increase
n the factors of production, indicating that
the efficiency of production technology has
not changed. However, if the total added
value of the follow Ing fiscal yearm ore than
doublks, then this means that an improve-
ment In efficiency (echnological progress)
has occurnred which cannot be explained by
the grow th In factors of production. There-
fore, In cages where a grow th In output that
exceeds the grow th In the factors Input be-
tween two points n tine, then this means
that during this period an in provem ent n ef-

ficiency of production technology has oc-
cuned, ie. technological progress has oc-
curred.

Fig.7-1-3 show s changes over tim e In the
total factor productivityy index (calculated by
dividing the total factor productivity foreach
fiscal yearby the total factor productivity for
FY1990) in the five majpr ndustdalized
countries that appear in the 1998 editon of
the OECD Ttemational Sectoral Dat@a
Base ©

The toal factor productivity ndex of the
five selected countries”’ fluctuates slightly,
butgenerally rises overtim e. Thism eans that
during this period, all of the five s=elected
countries experienced continued technologi-
cal progress. Taking an ovewiew of the
changes over tin e In the total factor produc-
tviy ndex by country, Japans ndex -
creased consisently up until 1990, but In
1992 a level lower than 19905 levelwas re-
corded. Tn subsequent years the Index has
moved sidew ays. The U K . recorded its peak
1n 1988, afferw hich its figures have been fal-
Iing. Th contrast, the U S., France and Ger-
m any, degpite m nor fluctuations, have con-

6) The towl factor productviy ndices for the majr five
Industrialized countries have been exttacted fiom the Total Factor
Productivity Idex in all of the Industrdes that appears In the
Thtemational Sectoral Data Base 1998 Edidon OECD). The total
factor productivity index refered t© here is the value andved at by
sendardizing the totwl factor productviy for each fiscal year,
assum ing the Cabb-Douglas production function below , w ith the
ol factorproductivity forFY 1990.

Tisdefined as:

TFP= VA ET" xGCS™ N /TFP.g0

W here TFP = toal factorproductivity

VA = grossvalue added

ET = totalnum berof em ployed persons

GCS = gross capial stock

W = laborshare

TFP1g9 = oAl factorproductivity forFY 1990

LaborshareW isdefinedasW = [COM Px ET/AEE)INA

W here COM P = am ountpaid to em ployees

EE = totalnum berof persons em ployed

By mulbiplying the num berof persons em ployed by the total ratio of
persons n ganfulem ploym ent, the ncom e of self-em ployed pecple
isalso taken nto account.

7 The figure for G em any s ol factor productivity index uses the
otal factorproductivity ndex forW estG erm any'.



tinued to show rising figures even after 1990,
the r=ference year. Tn France in particular, the
figure for 1997 is some 7% higher than the

figure f©1r1990.

Fhur 7-13 Trend 1 alicorproductviy
hdex n sekcted countres
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Source:0ECD htematbnalSectmlData Base FY1998
Edibn)
See:appendx abk 7-1-9
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D ifferences between oountres in the
changes over tin e 1n the to@al factor of pro-
duction Index becom e clearerw hen the aver-
age annualgrow th In total factor productvity

Fig.7-14) has been anranged. Firstly, when
m aking a com parison of the annual average
growth I totel factor productivity for the
w hole period, France has recorded the high-
est figure at 1 47% , follow ed by Japan w ith
129% ,Gemany (115% ),theU K. (1.00% )
and theU S. (062% ).Taking a look attrends
In technological progress by dividing the
period cbserwved up Into the 1980s and
the 1990s, 1n the sam e w ay as In the previous
paragraph, during the 1980s Japan showed
the highest rate of tedmological progress
2.00% ), llowed by France (1.89% ) and
the U K. (146% ).Upon entering the 1990s,
how ever, the grow th In toal factor produc-
tvity slow ed in all countres, and the slow ng
was most pronounced n Japan and the
UK.®.

However, the growth In toal factor pro-
ductivity m easured in thisway contans allof
the residual ncreases n oAl added value
w hich cannotbe explained by the expansion
of volum e of input of factors of production
such as capial and lbor. Improvem ents In
production efficiency can be achieved by ef-
forts to iInprove managem ent, htroducing
new industral omjanizations, or by econo-
mies of scale, and may not necessarily
acoom pany technological progress. Onem ust
be aw are, therefore, that there are 1in iations
I that In using grow th In total factorproduc-
tvity as an Indicator of technological pro-
gress, factors other than technology are also
nclided.

® Tt is possible to cbtain the tal factor productivity ndex foreach
country from OECD data, butnot the actual figures for total factor
productivity foreach fiscal year. T is therefore im possible to m ake
an intemational com parison betw een countries.



Chapter7 SocialContrbution Science and Technobgy

Four 7-14 G rowth ate oftoaliactorproductirty hdex i sekcted countres
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7 2 Ihnovations m New Product
Developm ent

721 O0bjectives and M eaning of
hdicators

This section w il deal w ith Innovations In
new product developm ent as one of the as-
pects that represents how science and tech-
nology contrbutes to society and the econ-
omy. Know ledge cbtained thrmough science
and research is reflected n some fom of
technology or In the form of know ledge i
products and processes. W ithout restricting
oneself to the nanow definition of technol-
ogy, it is reflected in the broad definition of
technology conceming econom ic and social
mechanism s, nfomation, products, proc-
esses and services, e, Society and econom y
that are regarded In thisw ay are generally re-
ferred © as a know ledge-based econom y ora
know ledge-dased society, and the process of
creating new products, processes, services
and m echanian s is refened t© as Innovation.

Of all of the goods that arr created as
products, we w il focus here on the products
thatare provided to consum ers in the form of
final consum er goods, and cbserve one as-
pectof novation through trends n products
rleased onto the m arket. Trends In products
reflect not only the sate of tedmological -
novations such as product innovations and
process Imovations on products developed,
but also non-technological mnovations relat-
Ing to distrbution and so forth.

Science and technology alone is not the
only factor that contrbutes expressly to the
developm ent of new products. It is undeni-
able, how ever, the fruits of science and tech-
nology have an in pacton the diverse process
of movation. For exam ple, it is easy to ac-
know ledge that the fiuits of science and
technology are utilized in household appli-
ances, but In processed food, the results of
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science and tecdhnology are also used in fime-
tonal food and so forth. In tem s of proc-
esses, too, Inprovem ents t© m anufacturing
methods and packaging technology have
been made based on the results of science
and technology, and new products are being
created. In this sense, I today s society
where science and tedhmology is being ex-
pected to contrbute to society and the econ-
omy, it is highly significant thatw e can ana-
Tyze the state of Imovation through products,
as final consum ergoods, as one agpect.

I analyzing the sate of new product de-
velopm ent, we w ill be focusing on products
as final consum ergoods. This hasbeen m ade
possible by the ocomputerization of distri-
bution that has occuned In recent years. A 1-
m ost all products currently distributed 1n the
selected countries of the word are affixed
with a product code In accordance with a
worldw ide system displayed in the form ofa
sym bol called a baroode. Th Japan this prod-
uct code is referred to as a ;AN code, and
JICFS has been developed as a database of
products that can be used by both wholesal-
ers and rtailers. In this section we w ill per-
form analysis ushg statstcs conceming
JICFS, the dat@base of products to w hich this
AN oode has been affixed. AN Code and
JICFS has been provided asa colmn to give
an overview of these tw o topics.

W ith regamd t© satistcs conceming patents,
w hile there are 1im iations In tem s of differ-
ences caused by the quality of ndividual pat-
ents and differences in fields, it is regarded
as meaningful to observe the activity con-
ceming technological development as a
whole by quantiatively assessing and com -
paring them . In this regard, analysis using
patents is discussed In Chapter 6 of this re-
port. It is possble to regard products in the
sam e w ay, and w hile there are lim imtions in
temm s of differences in the quality of lndivid-
ual products, differences In the way they are
regarded as units, and differences in sector, it
is extrem ely in portant to m easure the sate
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of new product developm ent quantiatively
and In aggregate term s. Up untdl now, the
mamn focus of analysis of novations has
been on the process. There are few surveys,
how ever, that focus on products as the fruits
of Innovation, and exhaustive data concem-
Ing products has not be obserwed fiom the
perpective of Imovation. Further, in the fi1-
ture, itw ill also becom e possble to cbserve
the contrbution of tedhnology to product
development more directly by matching
technological fields w ith products. A ddition-
ally, by utlizng nfomation conceming
products to which AN codes other than tho-
e nclided in the JCFS datgbase EAN

codes, UPC, efr.) have been assigned, itw Il
becom e possible to gain a clearpicture of the
distrbution of product lives and clarify a
w Ide range of ttends In new productdevelop-
m entof consum ergoods In temm s of distrbu-
tion. Th additon, because EAN codes @s in-
dicated above, AN codes is the name for
EAN codes In Japan) are the sam e through-
out the world (there are plns to htegrate
them forthe U S.and Canada), intemational
com parisons of activity In product innova-
tion w 111 becom e possible thmough indicators
utilizing these codes. The ndicators refened
to In this section have these possibilities, and
I this editdon w e w il present trial nitatives
and the situation In Japan.

AN oodes them selves are not restricted
to final consum er goods, but are affixed t©
many consum er goods. Some 99% of goods
handled in supemm arkets and convenience
stores have AN codes affixed t them . Of
the products to which AN codes have been
affixed, som e 85% to 90% of those I super-
markets are ncluded I JICFS, and morm
than 95% of those 1 convenience stores are
nclided In JICFS. From existng surveys, it
is suggested that products ©© which JAN
codes have been affixed but which are not
rgisered In JCFS ar products t© which
JAN codes have been affixed by ndividual
stores, or products w hich are distriouted only
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to a partcularly area. Exam ples of m exchan-
dise categories which arr consum er goods
but t© which AN oodes have not been af-
fixed are m otor vehicle parts (excluding car
accesories), motor vehicles them selves,
housing-related products Eexcliding products
available athom e In provem ent centers), and
fresh food forocessed food has AN ocodes
assigned t© 1. This suggests that by using
JICFS it is possble to analyze products
which are final consum er goods distrbuted
I Japan.AN codes are also affixed to books
and m agazines, but they have a ssparate sys-
tem , and are m anaged on a separate database,
0 these are not ncluded In the analysis.

72 2 Trends in Num berofProducts
and Average ProductLife

This section contains the results of obser-
vation using JICFS and the ponts suggested
by those results. h perform Ing the analysis,
firstly it is necessary to t@ke nto account
w hether the data is reflecting the sate of the
m arket or reflecting the characteristics of the
datzbase. If the data re=flects the sate of the
m arket, the values m ay be sationary or flic-
tuating. Partcularly if they are fluctuating,
care needs to be tBken In nterpreting w hether
they are reflecting the results of technologi-
cal innovations brought about by the results
of new productdevelopm entorw hether they
are reflecting the results of non-technological
Tnnovations such as deregulation orrefomm in
distdbution m echanian s. Th additon, w ih
regard to database characteristics, one needs
to tBke Into acoount the fact that the database
has only been in operation for a short period
of tine, and that therr processes whereby
new data is oorpomated nto the database In
a concentrated manner by approaching n-
dustyy sectors and business categories.



Fig. 72-1 chow s changes over time I the
active daa regisered In JICFS as a whole,
separated into D ivisions. O verall, the num ber
of cases is ncreasing . Lookng at the figures
by category, how ever, "Foods" has r=m ained
sationary at less than 400,000, whilk
"D aily-use Goods" are creasing gradually.
In contrast, "Consum er D urables" and "R ec-
ration and M iscellanecus Goods" are In-
creasing, w ith "Consum er Durables" 1 par-
teular subject to great fluctuations from year
to year. Fig. 722 shows the change over
time by Mapr gmups for "Foods" and
"D aily-use Goods." Tn this graph, categories
experiencing great ncreases "B everages and
Alcohol" and '"Dmgs," and these ncreases
are sep-by-step. Categories that are ncreas-
Ing consisently are "DIY (O o-I=Yourself)
Products" and "Pet A ccessories." 'D aily-use
A ccessories" and "0 ther Foods" are increas-
g gwdually, while "Processed Foods,"
"Confectionery," '"Household Goods" and
"C ogm etics" are either constant or decreasing

gradually.

Fgure 72-1 Trend 1 num berofiem s
regsterd wih JCFS O wvibns)
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Data:D Btrbutbn Code Center, D strbutbn System s Research
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Database) R egisttaton-". Tokyo : D strbuton Code Center,
D Btrbutbn System s R esearch hstiute
Based on the above-m entbned data, the Natbnalhstiute
ofScEnce and Technobgy Polcy estin ated.

See:appendx bk 723
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Fgure 722 Trend i num berof tem s

regsterred with JCFS M aprgmups of
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Based on the above-m entbned data, the Natbnalhstiute
ofScEnce and Technobgy Polcy estin ated.

See:appendx abk 723
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W ih mgard to "Foods" and '"Daily-use
Goods," those products distrbuted virually
acoss the whole country are registered
n JICFS, and i is suggested that
their sizes are generally constant (ust un-
der400,000 iem s for "Foods" and justun-
der 400,000 for "Daily-use Goods"). As
sub-categories of these categories, how ever,
'"Beverages and A loohol" and "D mugs" are
ncreasing  sEp-by-sEp, suggesting  that
non-technological innovations have occuned
during this period. These points w ill be ex-
am ined In mor deil below. M eanw hile,
wih mgard to "Consumer Durables," the
fluctuations by year are great, stongly in-
dicating the need t© look at the characteris-
tics of the database w hen carrying out analy-
gis. Tt is possible thata m aximum of 160,000
item s are being distdbuted.

Fig. 723 chow s the change over time in
the perentage of iEms mgiserd wih
JICFS by sector. Taking a Jook at the charac-
teristic m ovem ents w ithin this graph, firstly
"Processed Foods" is gradually increasing. n
contrast, "D mgs" is increasing rapidly. Fluc-
tuations fiom year t year ar ssverr In
"Consum erD urables."
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Fgure 723 Change overtin e 1 the
perxcentage of iem s regstered w ith JLFS
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Based on the above-m entbned data, the Natbnalhstiute
ofScEnce and Technobgy Polry estin ated.

See:appendkx bk 724

Fig. 724 show s trtends in the num ber of
item s registered w ith JICFS forthe firsttime
each fiscal year by D ivisions. A ccording t©
this graph, the fluctuations fiom year are
quite considerable. Even looking at the past
five years alone, the number of iems for
"Foods" has 1anged fiom approxin ately
50,000 to 80,000, for "Daily-use Goods" it
has rmnged fiom approxinately 40,000 to
90,000 iem s, and for "Recreaton and M is-
cellaneous Goodg" it has ranged from ap-
proxinately 10,000 t© 50,000 iems. Fig.
725 chows figures for M ajpr groups of

Do-iyoursefPwoducts



"Foods" and "D aily-use G oods." Even break-
Ing down figures into M ajorgroups like this,
there are sl considerable fluctuations from
year to year. Fluctuations sdll occur from
year to year In categories lke "Processed
Foods," where a considerable percentage of
iem s are r=garded as already having been
registered. Care needs to be taken about the
fact that "Beverages and A loohol" experi-
enced a noteworthy rise In the number of
iem s registered forthe firsttime In FY 1996,
while the same can be s2id for "Dwmgs" in
FY 1996 and FY 1998.

Fhure 724 Trend 1 num berofnew
regktaton to JLFS O ¥kbns)
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D strbutbn System s R esearch hstiute.

Based on the above-m entoned data, the Natbnalhstiute
ofScEnce and Technobgy Polry estin ated.

See:appendx bk 725

Fhure 7-2-5 Trend 11 num berofnew
rgktaton to JCFS Mmaprgmwups of
‘Woods” and ‘D aily-use G oods”)

0 10,000

20,000

30,000 40,000 50,000

T T T 1

Pmcessed Foods
(Fy1988-980

Confectbnery
FY1988-98[]

FY1988-980] ]

0 therFoods
Fy1988-980]

M ediralPoducts
FY1988-980

Cosm etics
(FY1988-980

e ——
Sundres
(FY1988-980]
—

HousehoH Products %’
FY1988-980]

Do-tyourself
Products
FY1988-980

PetPmducts
FY1988-980]

0 therPoducts
(Fy1988-980]

Data:D Btrbutbn Code Center, D strbutbn System s Research
Thstute, ‘A Guide to JLFS JAN Codes hiom aton
Database) R egktiaton-", Tokyo : D strbution Code Center,
D strbutbn System s R esearch hstiute.

Based on the above-m entbned data, the Natbnalhstiute
ofScEence and Technobgy Polry estin ated.

See:appendx bk 725

Fistly, fluctuations fiom vyear to year
I the number of iems mgiserd for the
first tin e are evident even in subcategories
of "Foods" and some subcategories of
"D aily-use Goods" categories whose regis-
trations to the dat@base are regarded as stable
and which are deemed to mwpresent a sate
which is close to that of the actual state of
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product development. A lthough definitive
Satem ents cannotlbe m ade from this analysis,
i seem s that it is necessary to gain a more
detailed picture of the mrlationships with
movements In technological developm ent
and m ovem ents n the m arket. Tt is also clear
that marked Increases have occurned 1
FY 1996 and FY 1998 for iem s registered for
the first tim e under "B everages and A loohol"
and "Dmgs." W e are Jooking at the num ber
of products gistered with JICFS, o it is
difficult to ascerain whether new ncreases
I these figures are completely due to new
product developm ent, or w hether data con-
ceming existng products to which JAN
codes are affixed has been new Iy added t©
JICFS. According to the D istrbution Sys-
tem s Ressarch hsttute, uploading of da@a
for "D migs" w as carried outovera num berof
occasions due to requests from users and In
the Industyy it=elf. H ow ever, considering that
a need has arisen to dhare data through
JICFS forproducts w hich are distrbuted na-
tonw de, these fluctuations can be attributed
to some form of Innovation conceming
products. In fact, products classified as alco-
holand drugs have experienced non-
technological innovations during this period,
such as changes I the type of railers and
changes 1n the way goods are sold, resulting
from deregulation. This is regarded as having
raulted In a quanttative ncrease I the
number of new products. W ith m=gard to
"Consum er D urables," although the fluctua-
tions fiom year to year are quite severe, ac-
cording o the datalbase, assum Ing that m ost
recently nearly all products are captured on
the database, it suggests that at Jeast 40,000
new products are created each year.

For each category, from the number of
new registations to JICFS, the number of
shunting and the num ber of iem s registered,
w e calculated the average length of tim e that
data conceming the products on JICFS exists
as active data. This period has been provi-
sionally names the "Average Product Life"
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here. Fig. 72-6 show s the average product
life of each category. If analysis w ere carded
outusing data conceming the num berof new
registations and shunting foreach ndividual
product, then In addition t© m aking it possi-
ble to galn a m ore accurate picture, itwould
also be possble to ascertain the distdbution
of product lives.

Fhur 72-6 Average ProductLife ofeach
category
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Database) R egltiaton-", Tokyo : D strbutn Code Center,
D strbutbn System s R esearch hstiute.

Based on the above-m entboned data, the Natbnalhstiute
ofScEnce and Technobgy Polry estin ated.

See:appendk bk 726

In this case, due to restrictions In texm s of
using data, w e have m ade an overall analysis
foreach category, and m ade rough estim ates
for the case where the numberof new r=gis-
trations isused, and the case w here the num -
ber of item s shunting is used. Tn a satonary



situation w here the num berof new item sand
the num ber of iem s shunting is about the
sam e, the results achieved from both calcula-
tions would be about the same, and disre-
garding the existence of a tim e lag caused by
the fact that shunting is carried out ughly
once a yeay, tmay be r=garded as a rough
representation of the actual situation .

A coording to the analysis, while there are
differences foreach M ajprgmoup, the product
Iife for "Foods (overal)" is approxin ately 6
to 7 years, for "D aily-use Goods (overall)" it
is approxim ately 6 t© 9 years. In particular,
the life for "Processed Foods," "Con-
fectionery" and "Cosmetics" is approxi-
mately 6 t© 7 years. In contrast, the life of
"Consum er Dumables" is approxim ately 3 t©
7 years, a product life that is shorter than the
other D ivision. The fact that the product life
of "Consum er D urables" is shorter than that
of "Foods" and '"D aily-use Goods" is easily
in agined if one considers the daily lives of
people In Japan, and is quite interesting w hen
Jooked at from  the durability that consum ers
expect of "Consum erD urables." W ih regard
to M ajor gmoups of "D mgs," "Pet A ccesso-
res," '"Bevermges and Alohol" and
'"Do-TtYourself Products," registation of
products has yet to wach a sationary sate,
S0 som e range is evident n the estim ated re-
sults.

By carying out continued and detailed
analysis of data, it is deem ed possible to gain
a clear picture of the actual sate of Innova-
tons n new productdevelopm ent.
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JAN Codes and JUFS Codes

Th 1997 the EAN European A rtbcle Num -
ber) code was systematized as a common
product code for the whole world (excluding
the U S. and Canada), and the nam e for this
sysem In Jgpan is the AN (Japan A rtcke
Number) code. The AN oode is a common
product code for the whole of Japan, w hich
form s the basis of distrbution nfom ation
system s. This code is digplayed on products
as a barcode, and is used In POS fpoint of
sale) system s, ordering system s, stocktaking
and nventory managem ent system s. n the
U S.and Canada, the UPC Universal Prod-
uct Code) was system atized 11 1973 and is
beng used as a common product code.
Countries and regions affiliated wih EAN
have the com patibility of being able t© rad
UPC.W ih a view to creating a global san-
daxd, moves are being made t© have UPC
match the EAN system by 2005. In Japan,
the D istrbution Code Center O CC) of the
Disrbution Systems Ressarxch hsttute
D SIR) isaffiliated w ith EAN Ihtemational.

Ih additon to the common product code
used In many product fields, the AN code
inclides the comm on m agazine code w hich
is a code fram ew ork form agazies, the book
JAN oode which is a code framework for
books, aswell as the AN code for coupons
and the AN code for fee paym ent fom s.

The comm on product code is com prised of
13 digits (sendard type) or 8 digits (chort-
ened type) . W ih the standard type, the first 7
digits of the 13 (the first 9 digits for com pa-
nies r=gisered for the first tine I January
2001 or Bater) (the first 2 digits of the 7 or 9
digits are the country code for Japan — 49 or
45) are the product m anufacturer code; the
next 5 digits @ digits for com panies regis-
tered for the first tine in January 2001 or

lter) are the product tem code, and the last
digit is a check digit to prevent m isreading.
U sually, n addition t© the num bers that dis-
ply this code, the AN symbol is displayed
on packaged products togetherw ith a display
called a barode. The BN symbol is nor-
mally ad by a POS tem mal. Product
m anufacturer codes are m anaged in a central-
ized m annerby the D istrbution System sRe-
search Thstitute, w ith com panies applying for
registation to the D istrbution System s Re-
search Instgtute, which then assigns codes.
Product item codes are set, In accordance
w ith given setting criteria, independently by
com panies to which a product m anufacturer
code has been assigned, to units that can be
m anaged in the reail ndustry ata single unit
level. Th reusing product fem codes thathave
already been assigned once, which will be
m entioned latey, nom ally am Ininum of four
years are left after suspension of shipping,
and each company is rquested t© confim

that there is no distdbution nventory at
wholesalers orretailers.

I response to movements 1 Europe, In
Japan the AN code w asm ade a Japan Indus-
tral Standard (JIS) as a barcode sym bol for
comm on productcodes (JIS X 0501) n April
1978. Then 1n December 1978 the D istrbu-
tion Code Center In the D istrbution System s
Research Institute started receiving r=gista-
tons for the product m anufacturer code. A s
atthe end of M axch 1999, 85,673 com panies
had rmgisered AN product manufacturer
codes (excluding some 10,000 codes as-
signed forbook and m agazine codes).

Th addition, the follow Ing have been estab-
lished by EAN Itemational as common
worldw ide codes for distdbution: G lobal
Location Number G LN ) established to conn-
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cide wih the development of distdbution
ED I E kctonic D ata Interxchange — an online
data Interxchange system linking com panies
In accordance w ith the Standard A greem ent
Conceming Data Ihterxchange for Comm er-
cial Transactions); EAN-14 (n Japan this
code is called product code ITF  (interleaved
two of five) for collective packaging, and it
was established as JIS X 0502) which is a
product code fram ew ork for collective pack-
aging; and EAN -128 (es@bliched in Japan as
JIS X 0504) which is a code fiam ew ork for
productrelated infom ation and transaction
Inform ation betw een com panies.

Cunently JAN codes are being assigned
notonly to consum er goods, which w ere the
orighal subject of source marking, but are
also being assigned increasingly t© produc-
ton goods. The follow Ing iEm s are exam -
ples of products which are consum er goods,
but to which AN ocodes have notbeen sour-
cem arked.

® M otor vehicle parts (excliding car
accessories)

® M otorvehicles them selves

® Houshg-rehted products Eexcluding
products available athom e In provem ent
centers)

® Frech food fprocessed food has AN

codes assigned to i)

At any mte, codes have been assigned to
the m ajority of products that are consum er
goods.

M eanw hile, JICFS is an abbreviaton for
JAN Tem Code File Service, a database of
JAN oode product inform ation, and as a ser-
vice sysem for the dat@base that centally
manages JAN codes and the r=lated product
Inform ation . JICFS com m enced operation In
1988, and In FY 1992, w ith the guidance and
supportof the Smalland M edim Enterprise
Agency of the M misty of htemational
Trade and Industry, the further stengthening
and prom otion of is use are belng tackled.

JICFS isbeing operated m anly by the D istri-
bution Code Center. JICFS mainly collects
item s that can be used by the distribution in-
dustry as a whole. The data item s collected
nclude the AN code EAN code, UPC

code), JILFS product classification code, of-
ficial kanj) product names, kana product
nam es, content volum e and w eight, and sin-
gl unit size. Registtation is carded out
m ainly by productm anufacturers. A ccording
o recent surveys, the percentage of product
(item ) Inform ation handled by stores which
wlieson JICFS (efened t© as the hitrate) n
foods and daily-use products, w hich m ake up
the core of JICFS, is some 85% to 90% of
products handled by general supem arkets,
and exceeds 95% forconvenience stores.

W ith r=gard to the stucture of the JICFS
datgbase, explnation will provided espe-
cially with regards the registation of data.
The r=lationship between "new rwegistation,"
"abolition" and "shunting" is represented In
Fig.7-2-7.

A s data conceming products that is regis-
tered In JICFS, w ih the AN code as a unit,
there is active data which is being us=ed at
that point In tim e, and inactive data which is
no Jongerused. A ctive data and Tnactive data
are managed In sepamte datgbases. In the
diagram s shown in this section, unless sated
othew ise, it is active data that is being ana-
¥zed as JICFS r=gistered data. New data is
being r=gistered to the active data database
virually on a daily basis.M eanw hile, due t©
the ncrease In data notutilized I JICFS asa
whole, a datgbase for nactive data w as cre-
ated In FY1993. Generally once each year
since FY 1993 data that satisfies any one of
the follow Ing conditions is shunting from the
active data dat@base to the hactive data data-
base.
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® TIf POS data has not been recorded
for the past year In the som e 500 stores
(@s at Septem ber 1999) of the some 130
com panies participating .n RD S (distrdi-
bution POS data sewvice: a POS data
sewvice mn by the D istrbution System s
D evelopm ent Insthute w ith the support
of the M mistty of Trade and Idustry)
manly medim sized rwailers and
daily-use good stores) .

® Tf a notification is received fiom the
m anufacturer that the item is no longer
so0ld @bolition of the applicable product
iem code).

® The follow ing miles have been dis-
plyed for source marking of product
item codesby m anufacturers:

® AN codes which have been source
m arked once shallnotbe reused on other
products for a period of at least four
years from the suspension of shipping of
the productby the m anufacturer.

® W hen rusing product codes, care
shall be @ken © ensure that codes are
only used after concluding that distdou-
tion Inventory does not rem ain atw hole-
salers and re@ilers.

® Tf there has been no movement in I this w ay, m echanism s adopted avoid the
the form of additions or rnewals of  duplication of the inflow and ocutflow of data
item s over the period of tw o years since conceming the sam e product, as well as the
its registation w ith JICFS. m IxIng of data conceming differentproducts.

Fgure 72-7 The conceptualfgure ofdata processig i JLCFS
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Ihcidentally, it is conceivable that product
data that was In factve da@m may be
raegisered I actve da@m. In this case,
products w ith the same AN code are r=gis-
tered for the first tim e as active data. There
are the follow Ing two reasons why this kind
of situation m ay occur.

® The productwas n fact sl "alive," and
being disrbuted 1n the m arket.

® The ssme JAN code has been source
marked to a different product (n this
case it is necessary to cbserve the gen-
eral prnciplke that recommends that a
code not be source marked t© another
product for a period of four years after
the shipping to the m arket of the previ-
ous producthas ceaged) .

At the D istrbution System s Research In-
sttute, a quantiative assesam ent isnotm ade
of AN codes that were nactive data w hich
appear agam as active data In thisway.Nev-
ertheless, making an actual com parison of
the number of shunting and the number of
Thactive data, itbecom es clear that there isa
considerable quantity of data w ith the same
JAN code which has retumed from Tactive
data to active data. In this section the num ber
of shunting and the num ber of nactive daa
are compared, and an analysis made of the
number of AN codes which have actually
ceased to beused.

heidentally, n a survey conceming PO S
source m artkIng @Ate argeting com panies par-
tcipating In RD S m entioned earlier, of all of
the 600,000 products to which JAN codes
have been soure marked, approxin ately
300,000 have alo been m=gisered wih
JICFS, while the rem aining 300,000 have not
been m=gisered. M eanw hile, In stores and
com panies, approxinately 70% to 80% of
com panies register hits on JICFS. That is
say, the data conceming that product is con-
taihed In JICFS. Nomally medium -sized

Stores are said to canry approxin ately 20,000
different products, of which approxin ately
16,000 products register hits on JICFS. Tn
other words, therr are approxin ately 4,000
products t© which JAN oodes have been
source m arked but which are not r=gisered
I JICFS. These two suwvey results suggest
that products to which JAN codes have been
source m arked but which are not registered
I JICFS are not stocked by other com panies
and stores. This refers o products which are
unigque to a particular store and have notbeen
source marked a AN oode, and products
which are distrbuted only 1n a particular re-
gion. Types of these products t© which AN

codes have been source marked but which
are not registered In JICFS include products
delivered on the day, prepared food, and tofi1.
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73 Contrbution of
Telecom m unications
Technology to Society and
Economy

Thanks to telecom m unications technology
w hich has developed to a sophisticated sate,
Japan s econom y and society are entering a
period of great refomm . The mpid Bkeup of
cellular phones, personal computers and
other telecomm unications equipment and
sewvices, together w ith the 1Epid keup of
the Intemet, are m aking a great contribution
to the developm ent of Japan s econom vy, pro-
viding a new level of convenience, and m ak-
Ing dram atic changes to the way w e live and
the way we do business. In this section we
Jook at the effect and im pact of these factors
on econom y and. society, centering on the de-
velopm ents In Inform ation netw orks brought
aboutby telecom m unications technology'.

73 1 Progress n Telecom m unications
Technology

W ith r=gard t© telecommunications tech-
nology, the mvention of letters as a m eans of
recording and paper as a recording media,
the Invention of type printing, the creation of
the posal system and the vention of the
telephone, w hich w ere all inventions of tech-
nology or esablidhm ent of system s which
were evolutionary for their respective eras,
have had great inpacts both socially and
culurally. Th recent years, the progress nn
science and technology, and especially =le-
comm unications technology, is having a
greatnew inpacton economy and society.

The speed of comm unication of nform a-
ton by humans has ncreased fiom the
m ovem ent of people from the begining of
tme Wwaking and using horses), the com -
munication of mnformation to r=mote loca-
tons using smoke signals (gpeed is fast but
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the quantity of inform ation is lin ied), and In
transporting m edia such as paper;, the spead
has increased wih the adoption of new
means of transport such as ships, @ilways,
cars and lastly aircraft, and finally w ith elec-
tronic comm unications the speed has mn-
creased o gpproach the speed of Iight. Th ad-
dition, the quantity of inform ation com m uni-
cated has moved gmdually t© higher fie-
quencies fiom ancient means of oom -
municating infom ation such as gnoke sig-
nalsand M orse code, and the developm entof
w derband comm unication mutes w ih the
developm ent of optical fiber, Tn conjunction
w ith the developm ent of sophisticated t=le-
comm unications tedmology, has made it
possible t© process and tranan it large quanti-
tes of Inform ation In a shorttim e.

Table 73-1 @) shows the processing ca-
pacity of typical electronic com puters n each
generation, and price per unit of processing
pow er. This graph show s that personal com -
puters of today have surpassed the super-
com puters of the past, and that over a period
of 20 years it is has becom e possble to cb-
@ the sam e processing pow er for approxi-
m ately one-three hundredth of the price. Ta-
ble 7-3-1 B) show s changes overtim e in the
shipping price per com puterm amn unis n re-
cent years n Japan. W hile the perform ance
of com puters is increasing as the years go by,
the price of computers is fallng. This n-
creasing perform ance and fallng prices of
com puters is acting as the driving force for
the bmwad-based m arket penetration of so-
phisticated telecom m unications equipom ent.



Fgur 73-1 @) Trends 1 com puthg price
rhtve to speed

Year |Device MIPS|  Price per MIPS ($)
1975 |IBM Mainframe 10 1,000,000
1976 |Cray 1 160 125,000
1979 |DEC VAX 1 200,000
1981 |IBMPC 0.25 12,000
1984 |Sun2 1 10,000
1994  [Intel Pentium Micro 66 3,000

Note:M PS (n illon hstmctbns persecond)

Soure:NatbnalScince Board, Scince and Engheering
hdiratrs-1998, Chapter8,p8-6

Quotatbn:J.W amke, ‘Com puterM anufacturhg Change and
Com petitbn”, M onthly LaborReview @August1996):18-30

Fgur 73-1 B) Trends i untprice of
shipm entofpersonalcom puterm ah iame n

Japan
Unit price of shipment CinitC1L,000yenC]
Year Total Desktop/Server Portable
1995 244 235 266
1996 243 234 260
1997 241 234 250
1998 217 207 227
1999 199 177 226

Note: the num ercalvalie 11 the 1999 fiscalyear & the num erical
valie ofthe thid quartern the 1999 fiscalyear.

Soure :Edied by Japan E kcttont hdustry D evelbpm ent
Assochton ‘E kctont hdustralm onthl report” 1999 12
No446,P35,and news ofthe sam e month 2000 3 No 449
and P30.
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732 Growth In the
Telecom m unications hdustry

Telecom m unications, w hich have achieved
great technological grow th, are evoking great
dem and due to the convenience that they pro-
vide, and they are grow Ing rapidly as an In-
dustry.

Fig.7-32 chow s the changes overtine in
the r=al value of dom estic production for the
telecom m unications ndustry. The r=al value
of domestic production for the tele-
comm unications ndustryy was 316 trllion
yen 1n 1980, but this has grown m=pidly to
reach 111 2 trillion yen In 1997, and the per-
centage of all ndustry acocountad forby tele-
com m unications has Increased dram atically
from 54% ©118% .

Fhur 732 Trends h rralgross dom estic
outputofthe no-com m uniratons ndustry

O hb-communiatons hdusty total trllons ofyen)
Trllons ofyen . o Perwent
120 ¢ — Share of hb-com m unicatbns ndustry
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Note: h comm untaton whie paper, “hfo-com hdusty” &
defined as whatcolected, 0 mai, 0 communiatbns,
0 bmwadcast,  nfom aton sofiware,

[0 nfomaton rhted, [0 nfom atbn com m untaton
apparmtus m anufacture, [0 hfom aton com m uniatbon
appartus kase, [ ekctricty com m uniaton hstuton
constuctbn, and [0 msearch am ong my dom estic
bushess secton chssifcatons.

Quotatbn:The M hstry of Posts and Tekcom m untatons data
the M anagem entand C oordhatbn Agency an
“hterhdustry-rehtons tabk” and the M histry of
htematbnalTrade and hdusty “hterndustty-rebtons
@bk extended @bk)”

See:appendx bk 732
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Fig.7-33 chow s the ate of ncrease in the
num ber of com panies by ndustry from 1991
t© 1996 [fumber of companies n 1996 —
num ber of com panies in 1991) + num ber of
com panies in 1991]. This graph show s that
the grow th mte for telecom m unications far
exceeds that of other ndustries.

Four 733 Rate of ncrease 1 the num ber
ofnew com panEs by ndustry
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Soure:M nibtry of Posts and Telcom m unicatbns, ‘W hie paper
on Tekcomm untatons ” FY1999 Edibn)

Quotatbn:M anagem entand C oordhaton Agency, S atstcs
Bureau, ‘AnnualR eporton the Fam iy hcom e and
Expendiure survey” and 'R eporton the Survey of Fam ily
Tcom e and Expendiure”

See:appendx bk 733

Now we will take a look at the grow th In
telecom m unications from a consum er view -
point. Fig. 734 chows the changes in ex-
pendiluire on telecomm unications and the
percentage of consum er expenditure that they
acoount for. Telecom m unications expenditire
wasmoving sidew ays n the early 1990s, but
I the subsequent years the am ount ncreased,
as did the percentage of consum er expendi-
ture. This ncrease is thought © have been
caused by the mpid tkeup of cellular
phones @ hie Paper on Telecomm unica-
tions) . Fig. 735 show s changes overtim e In
the num ber of subscribers to m obile phones.
The num ber of subscribers surpassed the 10
m illion mark at the end of FY 1995 (end of
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M arch, 1996), after which the number of
subscribers has increased by approxin ately
10 m illion each year.

Fgure 734 Breakdown ofspending and
totalhousehol spending on
nfo-com m unicatons

ven [ Spending on fib-comm unkatbns fn onthly avermge thwuugh a yean) Per
14000 ¢ [ISpendig on Tekphone sevie A
—Ratb ofspendig on hib-com m unicatbns

@ 12000 - —

-
o
o
S
o
T

8000

6000

4000

Spendig on hifb-com m uniato:

2000

1989 90 91 92 93 94 95 96 97 1998

Soure:M nktry of Educaton, ‘Japanese G ovemm entPolces f
Educatbn, Scence, Sports and Culure” FY1999 edibn)

Quotatbn:M anagem entand C oordaton Agency, S tatstcs
Bureau, ‘AnnualR eporton the Fam iy hcom e and
Expendiure surwey” and ‘R eporton the Surey of Fam iy
Tcom e and Expendiure”

See:appendx abk 734

Fgure 735 Trends 1 handy phone
subscrbers
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See:appendx @bk 735
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7 3 3 Take-up ofTelecom m unications
Technology

These technologies are having a dram atic
mpact on society, and are providing society
w ith convenience that did not hitherto exist.
They are pemm eating com panies, offices and
the lives of everyday citizens.

Fig. 73-6 chows the tine taken for the
housshold penetration mte of man tele-
comm unications media I Jagpan t© reach
10% . Fortelephones this figure w as 76 years,
for m obile and car phones it was 15 years,
for computers it was 13 years, w ith figures
gradually becom ing shorter as the years go
by, t© the point w here the Intemet only took
5 years.

Four 73-6 Tin e requird to rrach 10%
penetraton mte n Japan by m edia

Telephone ] 76
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Facsimile : 19
Cellular phone [ 1]15
Comprer |13
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Soure:M hiktry of Posts and Telkcom m uniatons, ‘W hie paper
on Telcom m untatons” FY1999 Edibn)
See:appendk bk 736

Nextwe w ill tgke a lock at the wke-up of
telecomm unications devices. Fig. 7-3-7
chow s a com parigon of the @ke-up of &le-
com m unications equipm ent in Japan and the
U S..Devices have been tBken up to a great
extent In both countres. Loocking at indi-
vidual iem s, the housshold penetration ate
of computers is 50.0% I the U S..butonly
326% 1n Japan, and there is a considerable
gap betw een Japan and the U S. In the Inter-

net housshold penetration rate and the per-
centage of schools connected to the ntemet.
On the otherhand, the individual penetration
mte of cellular and car phones is higher In
Japan than nthe U S..

Fhure 73-7 Penetration of
nfo-comm unitatons equipm entand sewices
1 Japan and the U S.

Percent
0r B Japan Ous.
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Celubkrtar Satelie Cabk TV PC htemet htemeth
phone bmwadcasthg schook

Source:M nstry of Posts and Tekcom m uniatons, ‘W hie paper
on Tekcomm untatons” FY1999 Edibn)

Quotatbn:M nktry of Posts and Telkcom m uniatbns data, NHK,
CTR ,dataquestand NTECO data, etc.

See:appendx abk 7-3-7

73 4 Expansion ofthe htemet

I conjunction wih the takeup of com -
puters, the Intemet is show Ing a =pid expan-
sion. Table 7-3-8 chow s the sate of grow th
In the Ihtemet worldw ide In recent years.
W hile the average annual rate of grow th in
the mum ber of households that are telephone
subscribers was 6% from 1990 to 1998, the
num ber of subscribers to m obile com m unica-
tons sewvices rose rapidly by 52% , and the
num ber of Itemethosts grew extrem ely rap-
dly by 81% each year. Looking at the tine
required untl services w ere used by 50 m il-
Tion people w orldw Ide, w hile this figure was
74 years for telephones, it took only 4 years
orusersoftheWW W .
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Foure 738 G row th of htemet Fgure 73-9 Trends 1 num berof hitemet
hostcom puters 1 the world

Annual Growth Rate[11990-98[]

. 0, ' .
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the Network; htemetorDevebpm ent, O ctober1999) ' D
o L= = m [ D
. ' Jan. Jul. Jan. Jul. Jan. Jul. Jan. Jul. Jan. Jul. Jan. Jul. Jan. Jul.
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i ] majpr n i
ties ale p]ay g a ap ID]e \ ﬂ’le Iapﬂ]y Soure:M hstry of Posts and Telcom m unicatons, ‘W hie Paper
grow Ing w orld of the Intemet. Fig. 739 @) on Tecom m uniatbns” FY1999 edibn)
show s the changes over time In the num ber Quotatbn:Network W Fams data.

See:Appendk tabk 739 (1)

of Itemethosts, while B) show s the break-
down by country. These grphs show not

only the accelerated grow th in the num ber of B) Num berof htemethostcom puters by
hosts, but also that an ovew heln ing large country
percentage ofhostsare n the U S ..

N ext, Jocking at the grow th of the ntemet Pl (1) A reen (Se)

In Jgpan, Fig. 73-10 chows ttrends in the Netherlands () 10%
num ber of htemet dom ain nam es allocated Austrainin) ot
In Japan. In O ctober 1993 there were only 1fa°ﬁada(ca) 10.1%
around 1,000 (1,216) domam names, but by 26%
O ctober 1996 this grew t 12,184, and by v A
Octber 1999 this gew to supass the e )
100,000 barder; w ith 100,947 dom ains. Japan (p)

The grow th of the Intemethas alsom ade it US.gor
possble t© realize new services and busi- Ty _ 205%
nesses which did not previously exist, such V3o
as financial transactions, sales of products, S, u
and auctionson the N et.

Note:Comm on top dom ais, such as com , net, and oig, are
Ticlided i the U S ..wih m ostuse orconveniknce.

Source:M nstry of Posts and Tekcom m untatons, ed., W hie
Paperon Tekcom m uniatons” FY1999 Edibn)

Quotatbn:Network W zards data

See:739 ()
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Fhure 7-3-10 Trend 1 num berofJP dom an
nam e
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Source: Japan Netw ork hhfom atbn CenterD ocum ent (Japan
Network hfom aton CenterW ebsie)
See:appendk @bk 7-3-10

735 SocialAspects of
Telecom m unications Technolgy

On the otherhand, N et society has also re-
sulted In new social problem s. The expansion
T damage fiom computer vimses, an In-
crease In unauthorized access, m anagem ent
of personal infomm ation, problem s of distri-
bution of mappropriate inform ation on the
Net, protection of ntellectual property and
copyrights - all of these new problems
brought about by the developm ent of new
technology and is mpid Bkeup by socikety
are becom Ing m ore conspicucus.

Num berofrepors

Fgure:7-3-11 Num berofreponts ofvius
nfecton
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Source:M histry of Posts and Tekcom m uniatons, W hie Paper
on Telkecom m uniatons” FY1999 edibn)

Quotatbn: hfom atbn-Technobgy P rom otbon Agency, Japan
securty centerdata

See:appendx @bk 7-3-11

Fgure 7-3-12 Num berofhackeres reported
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See:appendk @bk 7-3-12
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There are also fears of an expansion In the
gap betw een people who can and cannot en-
Py the benefits of Net society. Fig. 7-3-13
show s the age group stucture of ntemetus-
ers In Japan and the U S.. W hile the 41 and
olderage group has a rlatively broad utiliza-
tion of the temet In the U S ., usage by this
age group In Japan is somew hat 1im ited, n
partcular n the 61 and older age gmoup,
which is 54% I the U S..but less than 1%
In Japan. This show s that Ihtemet use in Ja-
pan is biased tow axds the younger genera-
tons.

Fhure 73-13 htemetusers 11 Japan and the
U S .by age group
Percent
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Source: ‘The 7" ntemetactive user hvestgaton”
(the Japanese m ulin edi Febmary, 1999 Bsue), w ¥
WWW userhnvestaton” U S.Geowh hstiute of
Technobgy)
See:appendk abk 7-3-13

The education of skills in the use of the
Intemet for the youth of today, who are ex-
pected to play an inporant ol in the Net
society of the future, is becom ing increas-
ngly mporant. However, the takeup of
computers and the Intemet by Japanese
schools is lagging behind that of the U S.
(e Fig.7-3-7).

182

In recent years, efforts have been m ade to
Tntroduce com puters o schools, and there are
now hardly any schools which do not have
com puters, but looking at the number of
com puters in each school, w hile the num ber
of computers per high school is 76 4, this
num ber falls t© 32 1 for junior high schools
and 12 9 for elem entary schools. Looking at
averages, the situation is sdll such that a
num ber of students have to share a com puter
In alesson forone class (e Fig.7-3-14).

Fhure 73-14 Num berofschook firoutw ih
com puter
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Soure:M hiltry of Educaton, ‘Japanese G ovemm entPolckes h
Educatbn, ScEnce, Sports and Culure”
See:appendx @bk 7-3-14

As can be sen from Fig. 7-3-15, which
show s the num ber of saff engaged in com -
puter instruction, there is not necessarily a
large num ber of saff capable of using com -
puters or nstructing students n the use of
com puters at school, Indicating that there are
pwblems In the tgkeup of computers in
schools and in the staff capable of giving les-
sons about com puting .
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Fhure 7-3-15 Realiy ofTeachers hstuctn
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See:appendk @bk 7-3-15
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74 Contrbution ofLife Sciences

Life sciences are sciences that aim to un-
ravel the com plex and elaborate m echanism s
of the biology of living things, and apply the
results to health services, the environm ent,
agriculure, forestry and fisheries, industry
and a range of other fields.

Th Japan, itm ay be said that know ledge of
life sciences has been utilized i the field of
ferm entation, such as sake Japanese rice
wIne), miso (ferm ented soybean paste) and
oranic chem ical products. D evelopm ent is
also advancing of biopham aceuticals using
genetic engneering technology and cell fu-
sion technology, wih typical examples of
these being nsulin used in the treatm ent of
disbetes, nterferon used w dely as a dwg for
the treatm ent of hepatitis B and C, and hu-
m an grow th hom one used as a dwg to teat
dw arfiam .

R ecent years have seen a greatheightening
of expectations of biotechnology as an indus-
tdal application of life sciences. B iotechnol-
ogy-related industries curnently employ ap-
proxin ately 30,000 people, wih a market
valued ataround 1 trillion yen, but thism ar-
ket is expected to blow outto amund 25 tril-
Tion yen by 2010. There are how ever, a great
num ber of problem s which need to be over-
come if these expecttions are t© be an-

sw ered, and there is a need for prom otion of
orginal R&D, development of human re-
sources, bio-genetic resources, developm ent
of ntellectual nfrastucture such as data-
bases, support for venture com panies, and
the securing of intellectual property rights.
W ith regard to the prom otion ofR& D , recent
years have seen a dram atic stengthening of
govermm ent nitiatives In Japan, but n the
U S. the life sciences have accounted for a
selected position In govemm ent support for
research (see Chapter 3 Fig. 3-3-11 Science
and Technology-related Expenses by Social
and Econom ic O biective), and the ttansferof
these results to the private sectors is also ad-
vanced Fig.7-4-1).

In this section, based on these circum -
stances, we w ill firstly take an overview of
mwmoent developments In Japan conceming
"R& D Conceming the Life Sciences” which
form s the basis for considering the contribu-
ton that life sciencesm ake t© society and the
economy. W e w ill then look at “patents con-
ceming genetic engineering.” W e will then
discuss the “utlization of genetic engineer-
g technology m the field of agriculire,
ficheries and forestry,” and finally we will
analyze the progress of technology in the
“m edical field,” which accounts for an in -
portant position as the contrbution of life
sciences to society.

Four 74-1 NH technobgy ttansferactiviies FY 1993 to FY 1999
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See:appendi tabk 74-1
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74 1 Trends In Life Sciences
Research Expendiure

Fig. 742 chow s the changes overtime In
life sciences research in Japan, according t©
the parties carrying out the research . A ccord-
Ing to this graph, research expenditures ar-
rived at by toaling universities and research
hsghitons are approximately the same
am ount as research expenditures 1 com pa-
nies. Looking at the mates of grow th in the
various expendiures, while steady increases
have continued In universites and research
nsthutons sice 1981, life sciences research
expendiires 1 companies showed high
grow th from the Jate 1980s to the earty 1990s,
but since then have basically moved side-
w ays. The survey m ethod changed greatly in
FY 1998, =0 figures forthat yearare forrefer-

ence purposes only.

Fgure 742 Trends 1 life science
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See:appendx @bk 74 -2

Fig.7-4-3 show s changes over tin e In life
sciences research expenditires according to
research obective. Looking at the figures for
1997, "Research nto health and medical
care" amounted to 11664 billion yen, ac-

counting for 64 6% of the toal, follow ed by
'"Unraveling the phenom enon of life overall
and bionom ics" amounted to 2401 billion
yen, while "R&D nto securing sources of
food" amounted to 1375 billion yen, and
"R&D conceming environm ental conserva-
tion" am ounted to 113 1 billion yen . Looking
at the gow th from FY 1992 t© FY 1997, the
total am ount of life sciences research expen-
diture grew by 15% over this period, but
'"R&D conceming environm ental conserva-
ton" grew by 50% , and '"Unwaveling the
phenom enon of life overall and bionom ics"
gew by 44% , making these two sectors the
onesw ih the biggestgrow th.

Foure 743 Trend 1 life sckence research
by obgct
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Source:M anagem entand C oordhatbn Agency, S tatistcs Bureau,
‘R eporton the survey ofR esearch and D evebpm ent”
See:appendx @bk 74-3
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Takng a look at the sate of research ex-
penditures conceming genetic engineering,
which has recently been the focus of atten-
tion, research expenditures n FY 1997 were
136 9 billion yen, acoounting for7 6% of life
sciences expenditure. Lookng at the changes
over tine In these figures, they have been
steadily grow Ing since FY 1990, and recently
the percentage of research expenditires -
curred In this area has increased particularly
In universites Fig.74-4).

Fhur 744 Trend 1 genetic recom bhaton
wesearch expenses by subect
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See:appendx @bk 744
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742 State of Patents Conceming
G enetic Engheering

H ere one of the ndicators of results of re-
search In genetic engneering is dat@ con-
ceming patents. G enetic engineering is the
collective name given t the tedmology
w hereby fimctions different t© those gener-
ally possessed by living things are assigned
orw here bionom ics are changed by m anjou-
lating genes.

Fig.7-4-5 chow s the changes overtine in
the num ber of patents applied for n the field
of genetic engneering in Japan.

Th 1970 DNA (deoxyrbonucleic acid) was
first synthesized artificially, evidence that it
could performm  the role of a gene. Tn the years
since then, genes started to be synthegized by
U S. and Japanese research groups In the
practical sense of creating useful substances,
and w ith the establishm ent of genetic engi-
neerng technology by Dr. Cohen Boyer of
the U S., genetic engineering becam e eszb-
lished. Seven years later, n 1980, the num ber
of patent applications was only 131 (33 fiom
Japan and 98 firom overseas), but this num ber
ncreased dramatcally in the subsequent
years, reaching 1,724 In 1993 (605 from Ja-
pan and 1,119 fiom overseas). This technol-
ogy started from basic research ncluding the
structural analysis of genes, and has reached
the stage today where it isused in the m anu-
facture of usefiil substances, such as them ass
production of hom ones and dmgs for coli-
form and natural yeast.

Looking at the num ber of patents applied
for n the field of genetic engineering from
Japan and from overseas, the num ber of ap-
plications from overseas has aln ost consis-
tently exceeded the num ber from w ithin Ja-
pan. In the ®©EBl nmumber of patent ap-
plications m ade and publicized from August
1971 to August 1998, some 54 0% of patents
w ere m ade by foreigners. This figure far ex-
ceeds the percentage of patent applications n
general m ade by foreigners, which is 7 4% .
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Looking at the nationalites of the foreign
patent applicants, close to 60% are fiom the
U S., farabove the second-ranking G erm any
0% ) Fig.74-6).

Fhure 74 -5 Num berofpatentapplicatons n
B bgenetics by country @s ofM ar., 1999)
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Source :Japan PatentO fice W ebsie

See:appendx abk 745

Foure 74-6 Num berofm aprpatent
applcatons nh bigenetics by country
fpublished applcatbns from 1971 to August
1998)
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See:appendkx bk 74-6
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Next, looking at companies wih lamge
num ber of patent applications (61 Japanese
applicants w ho have m ade m ore than 35 ap-
plications, and 50 foreign applicants who
have made morw than 43 agpplications), we
w il take gadn an overview of the features of
technical developm ent.

Firsthy, Fig. 7-4-7 looks at the stucture by
type of corporation. A coording to this graph,
255% of Japanese gpplicants are pham a-
ceutical com panies, 23 5% are food brew Ing
com panies, and 33 3% are chem ical com pa-
nies, while only 2.0% of companies sarted
as venture com panies. n contast, for foreign
applicants phamm aceutical com panies again
acoount for a lalge percentage w ith 26 0% ,
but food/brew ing com panies only acocount
for2 0% .0n the otherhand, venture com pa-
nies acoounted for a lage percentage w ith
26 0% .W hile the percentage of Japanese ap-
plicants that are universities and research in-
sttutions is 11 8% , for foreign applicants this
percentage was 24 0% , alnost double the
Japanese figure.

Com paring according to the type of cor-
pomation the stucture of the field of use for
which the development was caried out,
w hile thisw as a m atter of course forpham a-
ceutical com panies, venture com panies and
universites/research nstdtutons also had a
high percentage of patents in the field of
dmgs Fig.74-8).
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Fhure 7-4-7 Num berofm aprpatent
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Source:Japan PatentO ffcre W ebsie

See:appendk bk 74-7

Fgur 74-8 M aprPatenti bibgenetis by
hdustry and num berofthe utlzaton fels

[ Biogenetics Basic Technology O Devices and Electronics
O Resource, Energy and Environment O Analysis and Diagnosis
O Diary Farming O Agriculture

EFo O Chemical Industry

O Medicine

Universities and Research
Organizations

Ventures

Analytical Instrument
makers

Chemical Industry

Food and Brewing
Industry

Medical Industry

70 80 90 100
Percent

Note: EE the sam e as thatoffgure 7-4-7
Source:Japan PatentO ffice W ebsie
See:appendkx bk 74-8

Next, aking a look at the num ber of pat-
ents granted conceming genetic enginesring,
from August 1971 © August 1998 some

188

3,700 patents w ere granted, of w hich patents
conceming DNA technology accounted for
approxin ately 70% . Furthem ore, lJooking at
the m ain fields of application of this genetic
engineering, patents conceming m onoclonal
antdbodies w ere the m ost comm on, w ith 841
patents, follow ed by enzymes 13 patents),
nterferon (146 patents), nterleukn (134 pat-
ents), etc. Fig.74-9).

In recent years great leaps forward have
occurred In genome analysis of different
types of organian s throughout the w orld. For
exam ple, the it is hoped that the regearch n
the "Hum an Genome Progct’ will provide
valuable nfom ation, such as unraveling the
secrets of cancer, aging, diagnosis and treat-
ment of hereditary diseases, and the ad-
vanced functions of the hum an body, w hile at
the sam e tine creating a new Industry. The
U S.and other countries are devoting a great
deal of effort to research n this field, and In-
temational patent com petition is intensifying
In an effort to be the first to patent genetic
nform ation . n the future, as genom e analy-
gis advances and the fimctions of genes are
unraveled, it is thought that patent applica-
tionsw ill increase m arkedly.

Fgure 74 -9 Num berofpatentrghts h m apr
bgenetics fieds from 1971to August1998)

Gene Thempy

DNA Synthesks & Sequence
Detem hatbn M ethod

M onocbnalAntbody

Bbgeneti Rehted
Enzyme

Enzyme
hterkeukin

htereron

0 100 200 300 400 500 600 700 800 900
Num berofR egitaton

Source:Japan PatentO ffice W ebsie
See:appendkx mbk74-9
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The number of patent applications for
m ethods of gene therapy is also Increasing
1Epidly M recentyears. I Japan, "G uidelnes
for Clinical Research Into Gene Therapy”
w ere gpproved In April 1993, and w e entered
the era of gene thermpy. The ailments t©
which gene thermpy was applied were Ini-
tally ADD S, cancer and congenital disorders
(de. hereditary disorders) which w ere deadly
and forwhich there w ere no effective m eans
of treatm ent, butm ore recently arteriosclero-

74 3 Applications m Agriculure,
Forestry and Fisheries

W ith regard to genetic engineering tech-
nology (echnology which t@kes out par-
tcular genes and ncorporates them nnto
other living things, form ing a new character)
In agriculure, forestry and fisheries and the
food industry, 1n addition t© creating revoli-
tonary new product types and in proving the

gis, myocardial Infarctions and other disor-
ders have com e t© be treated using this ther-
apy, and i is hoped that it will become a
revolutionary sate-of-the-art treatm ent tech-
nology i the 21% century Fig.7-4-10).

Fhur 74-10 Trend 1 num berofapplcatons
ofgene ttreatm ent
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Note:The patentorwhih tappled by the htematonal
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has dehy oftin e 1 an offtalannouncem ent h Japan,
and thas decreased seem hgly.

Source :Japan PatentO fice W ebsie

See:appendXx @bk 74-10
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efficiency of the production process, it is
hoped that itw ill becom e a new technology
o resolve future food problem s.

Fig.7-4-11 show s changes overtim e In the
num ber of genetic engineering bodies utiliza-
tion plans approved In accorance w ith the
guidelnes for the usage of genetically engi-
neered substances in the field of agriculture,
forestry and fisheries stipulated by the M 1nis-
try of Agriculure, Forestry and Fisheries. A
steady Increase is evident n recentyears.

Fgure 74-11 Confim ed recom bihhantDNA
crop phnts 1 Agrculure, orestry, fisheres
and the food ndustry
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of ‘the thihg ofan experin entstage”, and ‘the thing ofan
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Soure:M hiktry ofAgricuture, Forestry and Fisheres, iinovative
Technobgy dvisbn websie.

See:appendx @bk74-11-
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Fgure 74-12 Trend 11 num berofvarety
rgktatons
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Source:

See:appendx bk 74-12

Looking at the changes over tine I the
num ber of new varieties regisered from Fig.
7-4-12, the total num ber of varieties of pro-
duce r=gisered has been seadily hcreasing
In recentyears, and in particular the increase
In flowering grasses has been significant.
W hile only some of these new varietes are
rlated t© genetic engineering technology,
consum ption of flow ering grasses is ncreas-
ng due to the follow Ing factors.
® Compared o food, there is less resistance
to genetic engheering technology among
consum ers
® TFood manufacturers, autom cbile m anu-
facturers and other different ndustries are
entering the field of flowering tees and
shmibs one afteranother
® Home gadening is boom ng In recent
years

For exam plk, the purple-blue camation de-
veloped by a food m anufacturer and the first
genetic engeering plant sold comm ercially
In Japan is sdll fresh n ourm inds. The ap-
pearance of species of flower colors and
chapes which had hitherto been unim agin-
able, Iike the “purple-blie camation,” acts as
a stdmulus © bring about new demand for
flow ers, and biotedmology In the field of
flow ering grasses is being focused upon as a
means of propagating and breeding (n -
provem ents to gpecies), and is sarting to be
used In a variety of agpects.

M eanw hile, the num bers of registations Tn
the food fields of “veget@bles,” “fmits”
“food pmwduce” and “mushmoms’ are
an aller than for flow ering grasses, but n r=-
centyears In the area of food, advances have
been m ade In the developm ent of genetic en-
gineering foodsw ith the objective of in prov-
g the pmductivity of foods, inproving
quality and protecting the global environ-
ment. A s one of the m easures © counter the
anxiety of consum ers about genetically engi-
neered foods, the M histy of Health and
W elfare is providing Information, such as
disclosing the details of delbberations and
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application docum ents rlating to the safety
assesan ents of such foods. Tn additon, the
M nistry of A griculture, Forestry and Ficher-
ies hasm ade public those item s whose safety
has been approved in accordance w ith guide-
Ines for the use of genetically engeered
substances 1n the field of agriculure, forestry
and fisheries. The M inistry has also made n
m andatory to label processed foods that con-
@in genetically modified agriculural pro-
duce in their ingredients, and has stpulated
labeling criteria.

I addition, In the field of livestock produc-
tion, cloning technology W hich creates sub-
sances that ar genetically identical) is
hoped t© becom e an effective m eans of pro-
moting better livestock production. U sing
this technology, at a research nsttute n the
U KX.., a cloned sheep "Dolly" was created
using the cells of a ewe and bom In July
1996, the first tine such a feat has been
achieved I the world (eported In February
1997).Then, in July 1998, the Ishikaw a Pre-
fectural Center for Aninal Husbandry and
Ressarch L ivestock Center) and K Inki Uni-
versity cooperated to see the first successful
birth n the world of a cloned cow famed
"Woto” and “Kaga”) orginating from body
cells fiom an adult anin al. STnce then Japan
has seen the birth of 121 cloned cattle @s at
the end of February 2000).

191
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7 4 4 TechnolgicalAdvances m
MedicalCare

A s already seen In Section 74 1, research
expenditures in m edical care and w elfare ac-
ocount for some 60% of the total of life sci-
ences research expenditires, and recentyears
have seen great advances m the field of
m edical care.

Fig.7-4-13 chow s the ate of soread of se-
lected m edical devices I hogpials. Looking
at the rate spread of these m edical devices,
for diagnostic equiom ent, flberscopes for the
upper digestive system and of CT for the
whole body are rishg considerably, wih
801% and 719% of hospials having these
devices respectively In 1996 The mte of

goread of these devices can be attrbuted t©
an acceleration In the progress n technical-
developm entand in provem ents In the clarity
of iImages. In additon, In contrast o CT,
which Jooks mainly at m orphological nfor-
mation, NMR-CT MRI, which had only
Foread t© 25 5% of hogpials n 1996, is one
of the m ost advanced types of In age diag-
nosis which make is capable of detecting
changes in functions and chem ical changes
In body tdssue and representing these changes
In an inage form . They are steadily soread-
g throughout Japanese hogoitals. For treat-
m ent devices, cardiac defbrillators, artificial
kidneys dialysis) and so forth are show Ing
steadily rising ates of spread.

Fgur 74-13 Trends i the mte of spread ofm aprm edicaldevices h hospiak
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Next, &king a ook at the changes over
tme In Japans morality rmate Gumber of
deaths per 100,000 head of population) ac-
cording t© the main causes of death, since
1955, cancer, heart disease, a staoke have
consistently occupied the highest rankings.
Up until 1980, the num ber of deaths caused
by stoke was the lamgest, but from 1981
deaths caused by cancer took over firstplace,
since w hich the percentage of deaths caused
by cancerhas continued to rise Fig.7-4-14).

Fhur 74-14 Trends 11 the m ortalty mte of
maprdiseases
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2) k5 thoughtthati i based on the nflience of
wee-known fiom enforcem entbefore ofnotes n the death
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1994 or ‘hotwrithg the heart ailire as a state ofthe end
tin e ofa dkease, ®spiatory hsuffciency, ete. o the
cause colim n ofdeath”.
3) & thoughtthatthe hcrease h the “apopkxy” hh 1995
B based on chrfcation ofthe cause-ofdeath sekctbn
mkE by the applcaton of "U'D -10” firom January, 1995.

Source:M nstry ofHealth and W elare, 'WVialS atstes”.

See:appendkx abk 74-14

Cancer is a disease common to all man-
kind which threatens the life and health of
hum ans, but tedhnology to treat cancer is in -
poving. Here we will concentrate on the
“survival rate” as one yardstick to assess this
technology. This figure is arrived at by m-
vestigating all patients w ho received diagno-
sis andbr treatm ent at m edical nsthutions
for a particular disease, and then calculating
the percentage of patients who are stll sur-
viving after a given period (fve years, for
example).

The five-year surwival rate for persons ad-
m itted to hosgpital forthe first tim e for cancer
at the National Cancer Center is shown In
Fig.7-4-15.A coording to this graph, looking
atthe figures by sex and by the m ain location
of the cancer, there are fluctuations betw een
survey years, but a seady in provem ent is
evident overall. n partcular, the survival
rates for stomach cancer, colon cancer and
uterine cancerare steadily creasing.

The m ain factors behind these ncreases n
treatm ent results are as follow s:

A dvances 1n early diagnosis due t© cancer
checks.

That it has becom e possible to provide ap-
proprate treatm ent 1 accordance w ith the
sym ptom s of patients.

A dvances 1 treatm ent technology, such as
surgical treatm ent m ethods Eendoscopic op-
erations for early stomach cancer), chemo-
therapy @dvances n phamm aceutical treat-
ment had resulted in the complete r=covery
ofm alignant lym phom a, etc.), and agglom er-
ated treatm entm ethods (n addition to sugi-
cal and pham aceutical teatment, logical
com binations of treatm ent m ethods such as
rdiation thermpy, Inmune therpy and
therm o therapy, etc.) .

H opes are also held for the results of gene
diagnosis and gene therapy In the future.
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Fgure 74-15 Trends 1 the fiveyearcancer

surwvalmtes atthe natbnalcancercenter
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Chapter 8

W ih the remarkable advances n lead-
-ingedge science and technology in various
fields such as life science and Inform ation
technology, the dmpact of science and
technology on society and hum anity is be-
com Ing Icreasingly greater. Science and
technology contributes Inm easurably to so-
cial and eco-nom ic progress, and to the en-
hancem ent of life. A t the sam e tim e, negative
agpects also exist and should be voiced. Tn
this chapter, we will begn by hntroducing
public opinion on science and technology
based on the lJatest public opinion polls. This
w ill be followed by an overview of public
opinion In the areas of biotechnology, nfor-
m ation and the environm ent.

8 1 Public mterest In Science
and Technology

The latest public opinion on science and
technology appears In the "Public Opinion
Poll on the Futire of Science and Technol-
ogy" conducted between O ctober and No-
vem ber 1998 by the Public Relations O ffice
of the Prim e M inisters O ffice.

Infom ation on the survey tamget, period,
m ethod, and num ber of valid responses is as
ollow s:

Survey target: Population: Adults over 18
years old from throughout the country

Size of sample: 3,000 pecple

Sam pling m ethod : Stratified, two-stage ran-
dom sampling

Survey period: O ctober 22 to November 1,
1998

Survey m ethod : Iterview questions by poll-
sters

Number ofvalid responses (ate): 2,115

Public O pmion on Science and Technology

(705% )

The results of the poll are described below .

Identical opnion polls conceming science
and technology and society were conducted
In December 1981, M axch 1987, January
1990 and Febmary 1995, and w ill be used
form aking com parisons as the need arises.
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811 hterestin Science I
Technology

() hiterest h iform ation on Scince and
Technolgy

W hen asked w hether they were Interested
In new s and topics about science and tech-
nology, 58 1% of the regpondents replied that
they were nterested 24 9% "ihterested" and
332% "modemtely nterested"). In contast,
40 2% of the respondents w ere not nterested
@6 8% "poorly mterested" and 13 4% '"not
terested") . The r=sults can be seen n Fig-
ure 8-1-1 and show little change In com paxi-
son t© those of the previous survey fiom
Febrary 1995.

The breakdown of responses by gender
chow s that a high percentage of males are
nterested In science and technology, w hile a
high percentage of fem ales are not Interested .
M oreover, the breakdow n by gender and age
show shigh percentages In m ales overthe age
of 30 who are Interested, and In fem ales from
18 © 29, In their30s and over 60 w ho are not
nterested.

Figure 8-1-2 chows a comparison of the

survey results from January 1990, Febmary
1995 and O ctober 1998 w ith regards t© the
degree of Interestby age group.Among 18 to
29 year-olds, there w as a decline in the per-
centage of regoondents who were interested
between 1990 and 1995. How ever, in 1998,
this changed to an Increase.Am ong the 30 ©
39 yearolds, there was a decline In the per-
centage of respondents who werr Iterested
over the three surveys, while the percentage
of respondents w ih no nterest 1se. The 1=-
sults for the 1998 survey show that the per-
centage of regoondents who were interested
and those w ho w ere not nterested am ong 18
to 29 yearolds was wughly 50% for each.
Among 40 to 49 yearolds, there were no
significant changes over the years, w ith those
beng nnterrsted accounting for approxi-
mately 60% . For 50 © 59 yearolds, there
w as an Increase I the num ber of respondents
who w ere nterested from 1990 t© 1995, w ith
no change between 1995 and 1998. Among
those over 60, there was a rse In the per
centage of people who responded as inter-
ested over the three surveys, while the per-
centage of those w ith no interest fell.

Fhure 8-1-1 hterest h nfom atbn aboutscience and technobgy
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@) hterest h Taks by SciEntists and
Engiheers

W hen asked if they would be Interested n
Iistening t© taks by scientists and engineers
if the opporunity amss, 571% of respon-
dents replied that they would be 253% "In-

terested" and 31.7% '"'m oderately nterested").

On the other hand, those not nterested ac-

ocounted for 407% (@1.7% ‘'"poorly mter-
esed" and 19 0% "not nterested atall").

In the breakdown by gender, 62.7% of
males were nterested and 354% were not
terested . Among fem ales, 52 4% responded
that they were nterested, while 451% 1=-
goonded that they w ere not interested .

Fogure 8-12 hteresth hifom aton aboutscience and technobgy - by age group -
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812 In ages Surmounding Progress In
Science and Technology

(L) Advantages and D isadvantages of
Progress 1 ScEnce and Technolbgy

The development of science and tech-
nology has positive and negative agpects, but
n overdll tem s, suwey partcipants were
asked their opinions on whether progress in
science and technology has m ore advantages
orm ore disadvantages. The results are shown
In Figure 8-13. M ore than half of the re-
soondents 67.7% ) felt that progress in sci-
ence and tecdhnology has advantages @2 1%
'many advantages" and 356% "some ad-
vantages") . Atthe same time, 10 6% of par-
toipants felt that progress has disadvantages
66% "some dissdvantages" and 41% "
m any disadvantages") . Those w ho responded
w ith "aboutthe sam e" accounted for26 8% .

The breakdown by gender shows that a
high percentage of males responded w ih
"m any advantages", while a high proportion

of fem ales responded w ith "about the sam e"
or "don’tknow ". Tn the breakdow n by gender
and age, a high proportion of m ales over 30
responded w ith "m any advantages".

A ocomparigon of the survey results from
February 1995 and O ctober 1998 conceming
the advantages and disadvantages of progress
In science and technology show s that 52 7%
of people responded w ith "m any advantages",
314% wih "aboutthe same",and 6 3% wih
"m any disadvantages" 1 1995, In contrast to
577% , 26 8% and 10.7% 1respectvely In
1998.The decline In regponses for "about the
same" signifies a trend of polarization of
opinions how ever, the 1995 survey included
the four choices, "m any advantages", "about
the sam e", "m any disadvantages" and "don't
know ", whereas the 1998 survey added the
choices, "som e advantages" and "som e dis-
advantages" . Therefore, it can be argued that
those who regponded w ith "about the sam e"
I the fom er survey m ore accurately reflects
theiropinion).

Fgure 8-1-3 Publc assessm ents ofprogress of scence and technobgy
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See:appendix @bk 8-1-3
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@) In provem ents Due to Progress 11 SciEnce
and Technolgy

W hen asked w hetherthere hasbeen an im -
provement In the "abundance of goods",
"satisfaction in personal life", "w orking con-
ditions" and "health" due to progress In sci-
ence and technology, a high percentage of
respondents felt that there has been a rise In
the abundance of goods, and n the enpy-
m entof living. Th com parison, the proportion
of respondents who felt in provem ents have
been m ade In w orking conditions and health
wasrhtively ow Figure 8-14).

81 3 Areas ofScience and
Technology In which Developm entis
Antcipated

(L) Inportantareas of Scince and Technobgy
forFuture Develbpm ent
W hen respondents w ere asked the areas of
science and technology for which future de-
velopment is Inportant, 651% chose the
"global environm ent and environm ental pres-

ervation", while 63 .0% chose the "develop-
m entand efficientutilization of energy".

The choice of "resource developm ent and re-
cycling" accounted for 59.0% , followed by
"w aste m anagem ent and digposal" (66 8% ),
"civil engheering/constuction, transpora-
tion/chipping, and inform ation/com m unica-

tons" @4 3% ), and "dissster and safety
Stategies" @41% ) Fgur 8-15). Note:

There were m ultple r=sponses to this ques-
ton..)

Compared t© the previous regoonses I the
survey from Febriary 1995, there was an In-
crease In the percentage of those who chose
"civil engineering/construction, transporta-
tion /chipping, and inform ation/com m unica-
tons" from 40.7% t© 44 3% , wheras the
percentage of those who suggested "disaster
and safety stategies" fell from 539% t©
44 1% . However, it is conceivable that this
w as influenced by the Hanshin-Aw aji Earth-
quake, w hich happened in January 1995, less
than tw o m onths before the survey was car-
ried out.

Fgure 8-14 Inprovem ents by scence and technobgy develbpm ent
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See:appendk bk 8-14
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@) Opentg Up New FEHds 1 Scince and
Technolgy Epace and M arine Developm ent)

Participants w ere asked their expectations
about opening up space and m arine develop-
m ent as representatives of new fields n sci-
ence and technology . For space developm ent,
a large percentage of regpondents chose, "re-
alizatbon of dream s and rom anticism " @9% ),
and "technological progress and scientific
quest' @71% ). Thee were followed by an
"expansion of hum anity s sphere of activity™
351% ). Form arne exploitation, the laxgest
percentage of regpondents chose an "expan-
sion of m ankind § sphere of activity" 36 5% ),
follow ed by "part of the evolution of hum an
Iife" (34.7% ), "echnological progress and
scientific quest" B33 9% ), and a "response t©
population ncrease and environm ental prob-
Img" 33.7% ).The results are shown In Fig-
ure 8-1-6. Note: Therr wer multple re-
goonses to this question) .

h contrast to the high expectations for the
realization of dream s and rom ance for space
developm ent, the expectations for sea devel-
opm ent were concentrated around realistc
agpects such as the expansion of hum anity's
sohere of activity and the evolution of hum an
life.
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Fhur 8-1-5 Flds wher devebpm entofscEnce and technobgy shouH be m ade
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See:appendx @bk 8-15

Fur 8-1-6 Space and M arine devebpm ent
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8 2 Biotechnology

Advances 1 cloning and human genome
research and other developm ents in biotech-
nology In recent years have provided society
w ith leading-edge know ledge about life and
new m edical applications. Atthe same time,
there are areas of concem rlated to their so-
cialand ethical in pact.

Here, we Introduce the "Survey of Experts
on Cloning" conducted by the Public Re-
lations O ffice of the Prime M inisters O ffice
as a means of ndicating the aw areness sur-
rounding cloning technology, as one exam ple
of biotechnology'.

hform ation on the suwey target, period,
m ethod, and the num berof valid responses is
show n below . The 2,700 regpondents for this
survey were experts from  throughout Japan .
The breakdow n of the respondents by area of
expertise isas follow s:

Breakdown

Academ ics 600

M ass comm unications professionals 300
D octors 300

Professionals 300

Bushess adm nistrators 300

Vardous group officials 300

Researchers 300

Adm histrative officials 300

Survey period: August 26 to September 16,
1998

Survey m ethod: by mail

Number ofvalid regponses ate): 2,114
(78 2% )

8 2.1 GeneralB bethical ssues
(L )Concem AboutB bethial Bsues

W hen partcipants In the suwey wer
asked whether they were concemed about
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bioethical issues, 96 1% of them responded
that they were concemed @51% '"very con-
cemed" and 51 0% '"m oderately concemed").
Only 2 9% of participants clain ed that they
were not concemed Q8% '"not very con-
cemed"and 0 1% "notatall concemed").
The results appear n Figure 82-1.

The percentage of respondents who sated
that they were concemed was high 1 all ar-
eas of expertise.

Fhure 82-1 Concem aboutbbethicalissues
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‘Surwey of Experts on C bnhg” (Sept.,1998)
See:appendkx @bk 8-2-1

@B bethical Bsues wih Hgh Concem

W hen respondents were asked to choose
the three bioethical issues about which they
were partcularly concemed, 504% chose
genetic treatm ents, 47.7% chose organ trans-
plnts, 47 1% chose brain death, 45 6% cho-
e cloning, and 44.7% chose euthanasia
Figure 82-2).

Loocking at the comparison between the
survey regoondents areas of expertise and the
issue n which concem is highest, doctors
chose "genetic treatm entg", the group offi-
cials chose "organ transplants", business ad-
m histators chose '"brain death", and re-
searchers chose "cloning".



Fgure 822 Bbethirallssues w th high concem
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See:appendk bk 822

Fgure 82-3 Bbethitalisues wih high concem
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See:Appendik Tabk 8-2-2

Tuming our attention to the five issues n
w hich the percentage of those concemed w as
high, a dispersion can be seen for the per-
centage of those concemed among the five
issues for doctors. In other w ords, there was
a variance m their areas of concem. T con-
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trast, the percentage of concem betw een the
five issues for adm nistative officials and
mass-comm unications professionals was
close, which suggests that the level of mn-
terest forall of the issues is the same Figure
82-3).
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@) Concems w ih Regard to Clonig
N ext, resoondents w ere asked the level of
their concem about cloning. The m ajrty

©23% ) =aid that they wer ooncemed
36 5% "wery concemed" and 55.8% '"mod-
erately concemed"). Only 66% =aid they
were not concemed (1% '"not very con-

cemed" and 05% '"not at all concemed").
The results are shown In Figure 824

The percentage of respondents who sated
that they w ere concemed was high in all ar-

eas of expertise.

Fhure 824 Concem aboutC bnng
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“Surwey of Experts on C bnihg” Septem ber1998)
See:appendk tabk 823

8 2 2 Bibethical Esues Surmounding
Clning

(L) Are Hum an Applications of C oning
Technolgy Unacceptabk?

Survey participants w ere asked w hat they
thought about the opinion that using cloning
technology for human applications and t©
create hum ans is unacoepteble from a bio-
ethical view point. The vastm ajprity ©3 5% )
agreed (758% '"agree" and 176% "some-
what agree"), and only a amall percentage

@ 0% ) disagreed 2.7% "gom ew hatdisagree"
and 1 3 "do notagree") . The results appear n
Figure 8-25.

The percentage of respondents w ho saed
that they agreed was high 1 all areas of ex-
pertise.

Fure 825 Are hum an applications of
cbnig technobgy unacceptabk?
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@) Reasons forUnacceptability of Hum an
Applications of C bning Technology

As a follow up, those partcipants who
agreed, above, were asked for the wo rea-
gons, which most clossly matched their
thoughts as to why human applications of
cloning are unaccept@ble. The lamest per-
centage of regpondents 67.7% ) chose "The
application of the technology to humans
would impair human dignity because the
production of hum ans should involve both
sexeg". This was followed by "Hum an clon-
Ing threats humans sinply as a means of
achieving predetemm ined purposes mther
than creating free dividuals" @3 6% ), and

"I should never pem itted t© predeterm ine
the chamacters of a human"(29.8% ), and
"There is a possibility thata society m ghtbe
created w here a priorty is placed on produc-
g humans wih superiors chara "
@61% ).

Loocking at the comparison between the
area of expertise of the survey respondents,
the percentage of those who chose " The ap-
plication of the technology t© hum ans w ould
In pairhum an dignity because the production
of hum ans should involve both sexes" was
high am ong adm nistrative officials, but low
am ong researchers Figure 8-2-6).

Fhure 82-6 Reasons runacceptabily ofhum an applcatons of cbning technobgy
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See:appendk abk 825
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8 3 hfom ation Technology

Com puters and netw orks, w hich are at the
core of nform ation technology, have been
Epidly adopted as system s wihin society,
m aking our lives Increasingly convenientand
are anticipated as the driving force behind an
era of change.A tthe sam e tin e, an exam a-
tion of the social issues, such as the protec-
tion of privacy, is called for when mfom a-
tion technology isused as a toolw ithin soci-
ety.

I this secton, we discuss the suwey re-
sults regarding the use of computers, as a
Epregentative exam ple of infomm ation tech-
nology, which come from the "Public Opin-
ion Poll on the Future of Science and Tech-
nology" ntroduced previously.

(L) Use ofComputers
W hen asked whether they use com puters
atwork orathom e (excluding gam e consolks,

word processors, and so on), 27 8% of par-
tojpants regponded w ith "cunmently using",
7.7% responded with "used before but not
cunently", and 64 6% resoonded w ith "never
used" Figure 8-3-1).

Com pared © the survey results fiom Feb-
miary 1995, there w as a rise In the percentage
of people w ho responded w ith "currently us-
ng" from 212% to 27 8% ,and a decline n
the percentage of those responding with
'meverused" from 72 8% © 64 6% .

By gender, the percentage of males who
regponded with "cunmently using" and the
percentage of fem ales who responded w ith
"meverused" w ere both high.

By occupation, the percentage of m anagers,
technicians and office workers who 1e-
goonded w ith "cunently using", of house-
w Ives who responded w ith "used before but
not cunently", and of self-employed Indi-
viduals, housshold employees, Ilaborwrrs,
housew ves and unem ployed ndividualsw ho
responded w ith "neverused", w ere allhigh.

Fgure 8-3-1 Use ofcom puters
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© ctober1998)

See:appendx bk 8-3-1
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@) Use ofNetworks

Those who responded with a "cunently
using" (687 people) to the question asked n
(1) were then agked w hether they use a net-
work, such as the intemet, when they use a
computer. Those who rplied wih a "cur
ently using" accounted for 44 6% , while
those who replied w ith "used before but not
curently" acocounted for 49% , and those
who r=plied w ith "neverused" accounted for
504% Figure8-3-2).

By gender, the percentage of males who
regponded w ith "cunently using" was48.7% ,
while those who regoonded wih '"never
used" was 45.7% . Among females, on the
other hand, the percentage of those who re-
goonded w ith "curency using" was 37 4% ,
and those who regponded w ith "never used"
was588% .

Fhure 8-3-2 Use ofnetworks
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O phin Pollon the Future ofScince and Technobgy
© ctober1998)

See:appendix Tabk 832

@) Future Use of Com puters
Those who responded w ith "used before
but not currently" and "never used" (1,528
people) w ere then asked w hether they would
like to use a com puter n the future. The per-
centage of those w ho replied that they would

ke to use a computer was 45.7% (106%
"veg, definitely" and 351% "yes, if T have

the opportunity™). Those who replied that
they would not ke to use a computer ac-
counted for52 3% (14 5% "notunless Thave
to" and 37 8% "definiely not"). The results
are shown In Figure 8-3-3.

By age, the percentage of those who re-
plied that they would lke to use a com puter
was high am ong the 18 to 29 yearolds, and
those in their30s and 40s. The percentage of
those w ho r=plied that they w ould not ke t©
use a computer was high among those n
their60s.

Fhure 833 Future use of com puters
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See:appendi Tabk 833
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84 G bbalEnvironm ental Issues

A lthough progress In ndustrial technology
has brought about econom ic developm ent
and enhancem ents In the quality of life, ithas
also caused envivonm ental problem s, such as
globalwamm ing, forw hich science and tech-
nology is expected t© provide the solutions.
There has been progress n intemational ef-
forts to protect the earth § environm ent, w ith
this topic being discussed as a man-made
problem .

Among the questions about the "Im portant
areas of science and technology for future
developm ent" fiom the "Public O pinion Poll
on the Future of Science and Technology™,
which were ntroduced In Secton 813 (1),
the m ajorty of regpondents chose the "global
environm ent and environm ental pressrva-
ton", making it the item of the greatest na-
tional concem.

Tn this section, w e w ill discuss the "Public
O pinion Pollon the G Iobal Environm ent and
Lifestyles", conducted by the Public Rela-
tions O ffice of the Prime M misters O ffice,
as a means of illustating the national con-
sciousness conceming global environm ental
issues.

Ihfom ation on the survey tamget, period,
m ethod, and the num berof valid regponses is
show n below .

Survey arget: Adults over 20 years old from
throughout the country

Size of sample: Population: 3,000 people
Sam pling m ethod : Stratified, two-stage ran-
dom sampling

Survey period: November 12 t© 22,1998
Survey m ethod : Interview questions by poll-
sters

Number ofvalid responses (ate): 2,131
(71.0% )
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(L) Concem AboutG bbal Envionm ental
Bsues

Suwey participants were asked whether
they were concemed about global environ-
m ental issues such asholes n the ozone layer,
global wam ing, and the destruction of
the topical rmnforests. The m ajprity of re-
goondents 82.0% ) chined that they were
concemed (@2 1% "ooncemed" and 39 9%
"m oderately concemed"). Those who were
not concemed accounted for 173% (13 3%
"mot very concemed" and 4 0% were "notat
allconcemed") Figure 8-4-1).

By gender and age group, the percentage
of those who werr concemed was high
among males in their 40s and 50s, and fe-
males n their 40s. M eanw hile, the percent-
age of those who were not concemed was
high among females in their 20s and those
overe60.

@) Awareness of The Causes of G bbal
W am g

In recentyears, the earth 5 tem perature has
been rising due to wEpPidly ncreasing em is-
sions of carbon dioxide - resultng from the
consum ption of coal and petroleum - being
trapped In the atmogohers. W hen respon-
dents w ere asked w hether they w ere aw are it
was a problam , 86 5% of them answ ered af-
fim atively @3.7% "well aware" and 42 8%
"som ew hat aw are") . Those who replied that
they were not aware accounted for only
132% (105% 'not very aware" and 2.7%
'"notatallaw are") Figure 84-2).

By gender, the percentage of those who
were aware was high among males, and
among those who were unaw are, the per-
centage w as high for fem ales.

By gender and age group, the percentage
of those who werre awarre was high am ong
males m their 40s, and the percentage of
those who were unaware was high am ong
fem ales in their20s and those over60.
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Fhure 84-1 Concem aboutG bbalEnvionm entPmobkem s
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@) Preventing G bbalW am ng

Respondents were asked whether they
thought ndividuals should deal wih the
problem of global wam Ing In their daily
lives, to which 74 1% 1=sponded that they
chould (7.7% ‘actively deal wih i' and
66 4% " dealw ith it if possible". People who
claim ed "it is difficult to dealw ih the prob-
lem " accounted for 13 5% , while those who
clain ed "the problem should not be shifted
onto ndividuals' daily lives" accounted for
36% Figure84-3).

By gender, a large percentage of fem ales
responded positively, whereas a large per-
centage of m ales responded w ith "it is diffi-
cultto dealw ih the problem ". By age gmoup,
the vast majprty of those I their 30s
(82 1% ) regoonded affim atively.

Tt is said thatw e cunently lead lifestyles of
high energy consum ption . The participants in
the survey w ere asked w hat lifestyle changes
they thought individuals should m ake In or-
der t© prevent global w arm Ing. The m ajority
(56 8% ) chose "'make an effort to wm off
Iights and electrical appliances to avoid w ast-
Ing energy". This was followed by "use air
conditoning In moderation" (G03% ), "use
bicycles and public transgport instead of cars
as much as possble" @86%), "use
fuelefficient cars" 31 3% ), "sw irh t© more
enegy-efficient housshold  appliances"
@92% ), "use solarpow ered w ater heaters"
(198% ), "Inprove the effectiveness home
nsulation" (18.7% ), "use solar pow er; w ind
power, etc. n homes" (14 .7% ), "no changes
are necessary" (6.7% ), and last, "do not
know" 2 3% ). Note: there were m ultple 1e-
goonees to this question) .

Fogure 843 Efforts to preventing gbbalwam hg
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8 5 Concluision

Above, we outlined the Japanese cibizens'
aw areness sunounding science and technol-
ogy.
Nearly 60% of the suwey resoondents
were hterested In inform ation conceming
general science and technology, and aln ost
60% also expressed a desire o lisen t© @ks
by scientists and engieers. How ever, there
w ere differences In the degree of Interest ac-
cording to genderand age, and w ith r=gard t©
the fields in which people w ere Interested In
listening to nfom ation about, the global en-
vironm ental issue was the at the top In sev-
eral fields, and it is desirable t© provide -
fom ation n a detailed and easy to under-
stand form .

Follow ing this, we locked at a detailed
exposition of the biotechnology, infom ation
and environm ental fields. Tt w as evident that
the expert respondents In the surwvey rwlated
o biotechnology, were keenly interested 1
biocethical issues such as cloning.

A com parison of the surveys on inform a-
tion technology from February 1995 and
O ctober 1998 show ed a rise In the percentage
of people who use com puters, Indicating that
com puters are becom Ing ncreasngly w ide-
Foread am ong citizens in Japan.

W ith regard to global environm ental issues,
those concermed about the issues, and those
who were aware of the causes of global
wam Ing acocount accounted for a high per-
centage, and it was evident that these were
reacted o as topics of national concem.

W e aleo paid close attention to the differ-
ences betw een m ales and fem ales throughout,
and found that a larger percentage of m ales
w ere Interested In inform ation on science and
technology, and also believed thatprogress in
science and technology hasm any advantages.
M oreover, in the area of nform ation tech-
nology, itw as found thata greaterpercentage

213

of males used computers. A1, a grater
percentage of males clained they were
nterested n global environm ental issues, as
well as clain ing aw areness of the causes of
global wam Ing. How ever, the gap between
males and females was anall compared t©
the question about the use of computers.
Further, a greater percentage of fem ales re-
goonded affim atively to the question about
whether individuals should deal wih the
problem of global wam Ing I their daily
lives.A swe can see, In general, m aleshave a
higher level of Interest in science and tech-
nology than fem ales, and m ake m ore use of
is achievem ents. H ow ever, it seem s that fe-
m ales have a greater level of aw areness w hen
i com es topics close © them selves, such as
dealing wih global environmental issues
through theirdaily lives
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Chapter 9

M any issues rem ain as t© whether indica-
tors forestim ating r=gional science and tech-
nology activites should be defined under the
sam e fram ew ork as national hndicators. So
far, the r=gional versions of science and
technology Indicators have been created as
scaled-dow n versions of the national ndica-
tors them selves by obserwing the regional
distrdbution of each type of indicator, and
taking that as the regional science and tech-
nology indicator. However, In reality, it is
Tnoonceivable that the regional science and
technology activities are exactly the same as
their national counterparts; therfore, it
Seam s appropriate o assum e that the ndica-
tors estim ating these activides are also dif-
ferent. Local govermm ent bodies are not the
only omjanizations responsible for policies.
For researchers and technicians, a significant
feature of regions is that they serve asaplace
to develop research activides, and at the
sam e tme, as a place t© live. This is where
the sarting pomnt of hum an ntellectual crea-
tvity lies. Furthem ore, since the substance
of this elies on the tem poral and gpatial ac-
cum ulation of r=gional ntellectual resources,
it is predicted that Indicators that can quanti-
tatively m easure these things w ill differ from
the science and technology indicators of the
past. The sam e thing can be said of industyy,
w here the significance of the r=gion asabase
for ndustrial activites cannot be m easured
only by sin ple econom ic Indexes.

A s the above show , the developm entof re-
gional science and technology indicators is
not predicted t© be 0 simple, and at this
stage, reliable regional science and technol-
ogy Indicators, which will stand up t© use,
have not been developed. Consequently, the
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R egional Science and Technology A ctivities

Indicators below have been created in a form
w hich follow s the steam of r=gional indica-
tors up untdl now , and, excluding indicators
conceming the chamacteristics of m cbilities
between mgions for some industdes and
changes In regional ndustrial souctures, they
are basically the sam e.

h this chapter, we galn a clear picture of
r=gional science and technology activides
from the six aspects of “education”, “‘R& D
activides”, “regional science and technology
promotional policies”, “achievements of
science and tedhmology activides”, “science
and technology activibdes and regional
econom feg”, and “changes In r=gional indus-
tral suctures”, w ith indicators created by
prefectures.

However, because of lin iations in the
data that can be used as science and technol-
ogy Indicators for each prefecture, we have
also included indirect ndicators that are con-
siderad to represent the science and technol-
ogy activites for the prefectures. M oreover,
depending on the type of data, w e have m ade
an effort to cbpctively show the status and
goecial features of the science and technol-
ogy activities of each prefecture by show Ing
stendardized, per-capita indicators.



Chapter9 RegbnalS cince and Technobgy Activides

9.1 Education

The ndicators for higher education and
social education serve as the fundam ental n-
dicators m ost directly related to r=gional sci-
ence and technology activites. Below, we
chow the indicators for the universites and
social education nsdhutions, which are the
basis of science and technology education,
foreach prefecture.

911 NumberofUniersibes and
Universiy Students

(L) Num berofUniersiies

In FY 1998, there were a total of 604 uni-
versities throughout Japan, the distrbution of
w hich is hown by prefecture n Figure 9-1-1.
Tokyo has an especially Jarge num ber of uni-
versities, w ith a toal of 112 national, public
and private universites, which accounts for
approximately 18 5% of the toal number.
Tokyo is follow ed by A ichi, O saka, Hyogo,
Fukuoka, H okkaido and K yoto. These seven
regions acoount for wughly 51% of the total
num berof universities in Japan .

The populations of the prefectures are as
shown I Figure 9-1-1 In the A tachment,
w ith the nine m ost populous prefectures, be-
gining with Tokyo, acoount for approxi-
mately 51% of the national population. And
0, w e should not sin ply conclude that there
are a large num ber of universites In popu-
Jous prefectures. The concentration of uni-
versities In goecific prefectures is m ore un-
evenly marked than that of population. For
exam ple, although the population of Tokyo
accounts for wughly 935% of the national
total, the num ber of universites accounts for
approxin ately 18 5% of the total. Com pared
to national and public universities, there are
partcularly large differences In the regional
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distrbution of private universities, w ith m ore
than 20% of private universities being bas=d
In Tokyo (see Figure 9-12 in the A tach-
ment.

Fhure 9-1-1 Num berofunversiies by
prefctur FY1998)
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See:appendk @bk 9-12



@) Num berofUniversiy Students

Figure 9-1-2 show s the num ber of univer-
sity students undergraduates) by prefecture.
The num ber of sudents w as totaled accord-
Ing to the location of each department to
which students belonged. The total num ber
of students was 2,430,000. The number of
sudents by prefecture chows that Tokyo,
O sgka, Kanagaw a, A ichi and Kyoto had the
Jargestnum ber, together accounting forabout
51% of the country's tal. The number of
university students in Tokyo w as particularly
large, w ith 24% of the national total, and it is
cbvious that the r=gional distrbution in the
num berof students is also uneven.

217

Fgure 9-1-2 Num berofun¥ersiy students
by prefecture FY1998)
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See:appendk abk 9-13
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912 NumberofGraduates

Figure 9-13 chows the distrbution of
university graduate students by prefecture.
The number of graduates was taled ac-
cording to the location of each postraduate
course t© which students belonged. There
were goproxinately 180,000 graduate sti-
dents throughout the country. The num ber of
graduate students by prefecture show s that
Tokyo, O saka, Kyoto, A ichi and K anagaw a
had the laxgest number. Tokyo alone ac-
counted forabout26% of the country 's ©tal,
and the five r=gions together accounted for
about52% of the total

If it can be considered thatR& D activides
flourish In universities w ith a Jarge num ber
of graduate students, it is apparent that re-
gional disparities in the volume of R&D ac-
tivites at universities are biaged by the un-
even distdbution of graduate students.
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Fgure 9-1-3 Num berofgmduate school
students by prefecture FY1998)
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913 NumberofStudents at
Postsecondary TechnicalSchools

Figure 9-14 show s the num berof students
at post-secondary technical schools by
prefecture. The distrbution of students at
postsecondary technical schools by prefec-
ture shows a concentration of numbers in
several prefectures, though not as pmo-
nounced as the case w ith university students.
In FY 1998, about 56,000 students attended
posteecondary technical schools, wih the
highest number in Hokkaido, Tokyo, Fu-
kuoka, Yam aguchiand M . Ifwe include the
prefectures of Hyogo, M Iyagi, Ichikawa,
Kum am oto, Ehin e, Fukuoka and Kagaw a In
additon to these five regions, these 12 re-
gions acoount for oughly 50% of the coun-
try ‘s toal.

A s described above, there is a bias n the
distrdbution of post-secondary education fa-
cilities and students In each prefecture to-
ward ceram regions, and the extent of that
bias is often greater than the variation in
population between the prefectures. W hile
the uneven distrbution of the volum e of re-
gsearch activities is evident from the number
of graduate students, it appears that there is
also a considerable r=gional uneven distribu-
ton In the num ber of personnel who w ill be
responsible for future science and technology
activides considering the fact that students
often find work w ith com panies near to the
school from w hich they graduated.
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Fgure 9-14 Num beroftechnialcolege
students by prefecture FY1998)
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914 Communiy Education

In this section, we discuss the num ber of
m useum s and public lbraries as an ndicator
of regional social education nsttutions.

(L) Num berofMuseum s

M useum s fulfil a valuable ol 1 height-
ening the interest and concem of citzens in
science and technology, especially for young
people. In this nsance, musaum s were to-
taled to include insttutions designated
as museum s and “nstitions accorded mu-
saum satus” under the M useum A ct. M use-
um s specified under the M useum Act m-
clide general museum s, science mussum s,
history m ussum s, art m useum s, outdoorm u-
seum s, zoos, botanical gardens, combined
zoo Jootanical parks, and aquarium s.

Figure 9-1-5 show s the num ber of m use-
um s per one million people and per 100
square kilom eters of livable gpace for each
prefecture. The num ber of m useum s per 100
square kilom eters of livable space is highest
In Tokyo, K anagaw a, K yoto, and O saka. This
suggests that the num ber of mussum s situi-
ated close to the residents In these regions is
higher than other prefectures. The num bers
calculated per one m illion people are highest
I N agano, Toyam a, Yam anashiand Ishikaw a
Prefectures. The num bers per livable area for
these prefectures are also large, and m ore-
over, these prefectures rank relatively highly
In the number of patent applications per
10,000 people (see Figure 94-1).

Fgure 9-1-5 Num berofm useum s by prefecture (1996)
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T addibn, the num eriralvalie perarea whith can be resiled & cakubted on the bask ofthi rmport i the Natbnal hstiute Scence

and Technobgy Polcy.
See:appendx @bk 9-1-6

220



@) Num berofPublc Lbmares

As wih museums, public lbmres are
considered to fiillfil a valuable ol n height-
ening the interest and concem of citzens in
science and technology. Here, we show the
num ber of public libraries per one m illion
people and per 100 square kilom eters of 1iv-
able space foreach prefecture.

As Figure 9-1-6 chow s, populous r=gions
such as Tokyo, O saka and K anagaw a r=nk at
the top In the values calculated per livable
area. The values calculated per one m illion
people, however, are highest In the pre-
fectures of Toyam a, Fukui, Shin ane, N agano,
and Ishikawa.Among these, Toyam a, Fukui
and Ishikawa also rank near the top In the

num ber of public lbraries per livable area,
and moreovey, they alo rmnk rhtvely
highly in the num ber of patent applications
per10,000 people (see Figure 94-1).

A s shown above, the num bers of m useum s
and Ibraries per population and per livable
area are com partively high for prefectures
In the Chubu Region, such as Toyam a Pre-
fecture. Further, the num ber of patent appli-
cations per population, which is one of the
Indicators of the achievem ents of science and
technology activites, ishigh In these r=gions.
In this sense, it is evident that these social
education insttutions somehow play a fin-
dam ental role n supportng regional science
and technology activities.

Fgure 9-1-6 Num berofpublc omares by prefecture (1996)
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and Technobgy Polcy.
See:appendk bk 9-1-7

221



Chapter9 RegbnalS cince and Technobgy Activides

92 R&D Actwvides

In this section, w e discuss the num ber of
prvate and public ressarch facilites as an
Indicator of r=gional science and technology
actvites.

921 Num berofResearch Facilides at
Private Com panies

Due t© a lack of com prehensiveness and
continuity in the data for R&D private re-
search facilites in each =gion, an ndicator
for the distribution of private research facili-
tdes has been created based on a general sur-
vey of the "D Irectory of National Testng
Labomtories” Latbce Ltd.). The tem “re-
search facility” w ith regards to this indicator
nclides corporate R& D departm ents, such
as independent research bomatores, techni-
cal developm ent deparm ents, and so on.
M oreover, when a single com pany has sev-
eral R&D deparments, each of them is
counted separately.

The ol number of R& D departm ents at
private companies was 3,802. By m=gion,
Tokyo had the laxgestnum ber (686 facilites),
acoounting for wughly 18% of the country's
total Figure 9-2-1). Kanagaw a, O saka, Sai-
tam a, A ichi, and Hyogo follow ed it. Together
w ith Tokyo, these six regions accountad for
about 60% of the country’s total. In thisw ay,
the R&D facilibes of private com panies are
highly concentrated in specific r=gions. Iffwe
com bine this w ith the fact that these r=gions
alo have a large number of universites
Figure 9-1-1), and o on, it is evident that
there is a regional bias In the num ber per-
sonnel nvolved MR &D .
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Fgure 9-2-1 Num berofresearch
Tsthutbns h private com panes by
prefctur FY1998)
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922 Num berofNationalResearch
hsthites and Researchers

The r=gional distribution of the num ber of
national research Insthites @Ebbreviated as
“national msthites” below ) and regsearchers
In FY1998 is chown n Figure 92-2. The
distribution of national nsthites am ong pre-
fectures is extrem ely unbalanced. There are
28 facilites n Tsukuba Science City in Ioa-
1aki Prefecture, which is second only to To-
kyo's 29 facilites.W ith a toalof 95 national
nsttutes n Japan, 60% of them are concen-
trated In Tokyo and Tbaraki. N ational labora-
tores have been established in 19 prefectures,
w hile 28 prefectures do nothave such an in-
sttute. There has been no change m this
situation since FY 1995. Tn additon, Ioaraki
Prefecture has the Jargest num ber of national
nhsthites researchersw ith 4,977, follow ed by

Tokyo w ih 2 551 researchers. Together, the-
e tw o prefectures account for about 72% of
the toal num ber of researchers at national
nsghutes (10,525 people), indicating that
there is aleo a marked r=gional bias m the
num berof researchers atnational nstitutes.

The reason w hy there are a greaternum ber
of national msttutes researchers n Toaraki
than In Tokyo is the fact thatm any of the na-
tonal institutes In Tsukuba Science C ity have
a Jarge num berof researchers.

The linking of regional revialization to the
accum ulation of national nstitites n Tsu-
kuba Science C iy, and the various ripple ef-
fects fiom the national insttutes to the region
have attracted attention . n recent years, even
closer cooperation w ith the regions has been
expected as one of the mwles of national In-
sdtutes.

Fgure 922 Num berofnatbnalexperin entand researxch hstiutons and researchers by

prefctur FY1998)
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See:appendx @bk 922
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92 3 Num berofReginalResearch
hsthites and Researchers

(L) Num berofReginalResearch hstiutes

Regional research msttutes Kosetsu-
shiprefecturalm unicipal industrial research
nsthites) are positioned as one of the in-
souments of regional research insttutes
functions, and are expected to fulfil various
mwles, Ncluding supportng ndustrial devel-
opm ent In the r=gion. The data for regional
research nsttutes shown here are the result
of a survey ("Study on Regional Science and
Technology Promotion”, Fourth Suwey,
1999) conducted by the N ational Insttite of
Science and Tedhnology Policy, and target
sthites establiched by prefectures and or-
dinance-designated cities.

As chown in Figure 923, therr werre a
toal of 575 rgional research nsttutes
throughout Japan in FY 1997. H okkaido had
the highest number of facilites 35), fol-
Jow ed by Chiba Prefecture 1), and Saitam a,
w ith 19 facilities. A sim ple com parison w ith
the number of regional ressarch nsttutes
that existed In Japan In FY 1995 chow s there
were 15 few er facilides n FY 1997. This can
be attrbuted t© the effects of megers be-
tween facilities due to the reorganization of
regional research insttutes. How ever, from
the fourth survey Y 1997), the number of
branches empbyng regular workers was
added as a survey iem .The resultofthiswas
339 branch nnsthites in addition to the head
offices of the regional research insthites,
which, if lncluided In the tol, brngs the
num berof facilities to 914 ..
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Fhure 9-2-3 Num berofpublic experin ent
and research nsttutons by prefecture
FY1997)
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Sourmre: Scknce and Technobgy Agency, Natbnalhstiute of
Scence and Technobgy Polcy, ‘Study ofRegbnalSci
ence and Technobgy Prom otbn é” suwey)” N BTEP
REPORTNO 59.),1999

See:appendk bk 923



@) Num berofRegearchers atRegimnal
Research hstihites

In FY1997, there werre 15,792 ressarch
personnel (ie. those personnel engaged
mainly n regearch and science and technol-
ogy activites, am ong all filll-tim e personnel)
registered at regional research insttutes. This
is approxin ately 1.7 tin es the num ber of re-
gearch personel (9,115 researchers) that
w ere at the 73 national research nstitites of
natural science 1 the sam e fiscal year.

By prefecture, Hokkaido had the largest
num ber of personnel, wih 1,110, followed
by Tokyo (882), and A ichi (794).The break-
down of the number of research personnel
w ith doctomates show s O saka w ith the high-
est num ber at 206. O f these, 97 wer -
searchers at “the O saka C ity nstitute of Pub-
lic Health and Environm ental Sciences”
and “the Osska M unicipal Technical Re-
search Thsthite” . Next was Hokkaido (140
researchers), A ichi (123), and Hyogo (119).
The m arked r=gionalbias seen In the national
research nsttutes is not apparent n Figure
924.

If we consider the fact that the num ber of
regional research nsttutes and the num ber
of researchers at those sttutes w idely ex-
ceeds the num bers for the national research
nstghutes, In the future, it seem s exttemely
in portant to consider the question of how to
m ake the best use of regional research nsd-
tutes n a r=gion, or conversely, n whatway
regional research nsttutes should contrbute
to aregion
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Fhure 924 Num berofresearchers at
public experin entand research
stihutbns by prefecture FY1997)
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ence and Technobgy Prom otbn é” suwey)” N BTEP
REPORTNo059),1999

See:appendkx bk 924
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9 3 Policies orRegional
Prom otion ofScince and
Technology

Tn this section, w e describe the various in-
dicators w ith regard to the prom otional poli-
cies for science and technology In the 47
prefectures that are considered t© have a sig-
nificant nfluience on r=gional science and
technology activites.

931 Provision ofCom prehensive
ReginalProm otion System s

The num ber of prefectures in plem enting
the system s to drive policies prom oting sci-
ence and tecdhnology are increasing. The sys-
tem activities in each prefecture are consid-
ered from the viewpomtof (1) the esablish-
ment of full-time positons, @) the esab-
lidment of S& T council, etc., and @) the
daw Ing up of fimdam ental plns, etc., the
in plem entation status of w hich are shown as
ndicators. The case In which all three sys-
tem s above have been In plem ented is shown
as a 3 m Figurre 93-1, while the case In
which only two system s have been inple-
mented isshown asa 2,and so on.

A ccording to this map, two-thids of the
prefectures had in plem ented at least one of
the system sas of September 1998 .M oreover,
if we compare this o the situation as of O c-
tber 1997, we can see that a considerable
num ber of prefectures in plem ented som e of
the system s In this one-year period, which
chow s that these system s are making pro-
gress In the prefectures. H ow evey, the break-
dow n of the in plem entation of these system s
show s that the num ber of prefectures having
completed the es@blidment of fulltime
positions is 1im ied to less than half of the 47
prefectures. Thus it appears as though the
creation of system s to put the fundam ental
plns, and o on, Into effect is being post
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being postponed. If it is conceivable that the
mplem entation of these fundam ental plans,
and so on, m ake itpossible t© revialize local
Ihdustry and cope w ith the needs of prefec-
tural residents, it is hoped that system s for
the Implementation of tangible measures,
w hich are not 1im ited t© the esabligdm ent of
fiall-tim e positions, w illbe prom oted.



Fgure 93-1 Devebpm entofa fiam ework forcom prehensive in pkm entaton
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Source: Scence and Technobgy Agency, Natonal hstiute of Scence and Technobgy Polry, 'S tudy ofR egbnalScence and Technobgy
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See:appendkx @bk 9-3-1
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9 3 2 RegionalExpendimires on
Science and Technology

Here, we take up total expenditures m ade
by prfectural govemments t© mplement
policies prom oting science and technology
eferred t© as “science and technology ex-
pendiires” below ) as indicators.

Figure 9-3-2 chow s the science and tech-
nology expenditires for each of the 47 pre-
fectural govermm ents in FY 1997. From this,
i is evident that there are considerable dis-
parites betw een prefectures not only n the
toal amounts for science and tedhmology
expenditures, but also in the toal per capia
am ounts. M oreover, w e can also see that the
m ajority of science and tecdhnology expendi-
tures by prefectural govermnm ents are com -
prised of expenditures r=lated to r=gional re-
search nsgtutes and insttutions of higher
education In science and engineering.

Tt should be t@ken into consideration, how -
ever, that regional science and tedmology
expenditures In a given fiscal year w ill -
crase charply during the construction of
lbge-scale facilities, and then 211 shawply
when the constmuction is com plete. For ex-
ample, n Figure 9-3-2, v ate Prefecture had
the highest per capim expendiires 1
FY 1997 due to the constuction of several
large-scale facilities mcluding the Iv ate Pre-
fectural University w ith a faculty of nursing
and a faculty of software and infomm ation
science, together w ith an agricultural tech-
nology center sexwing as a regional research
hstute. A s a result, its science and technol-
ogy expenditires were laige relative to the
otherprefectures. There w as also an Increase
I expendiures for Fukushin a Prefecture in
FY1997 due to the constmction of the
School of nursing of Fukushima M edical
University.

Prefectures w ith Jarge science and technol-
ogy expenditures have several nsttutions of
higher education In science and engheering,
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such as medical universities. These institi-
tons fulfil a significant ole n the prom otion
of science and technology in the regions n
w hich they are located. Ih general, although
the populous prefectures have a Endency to
have anall per capim expenditures, in the
case of H okkaido, the percapia expendinires
are high. The reason for this is thought to be
due t© the m any head offices and branch of-
fices of agriculiral experimental stations
and fisheries experim ental sations that are
esablished 1 Hokkaldo's extensive area,
and to the operation of the Sapporo M edical
University.
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9 3 3 RegionalExpendimires by Each
PrefecturalGovemm ent forRegional
Research hsthites and hstitions of
HigherEducation In Science and
Engneering

A s sated above, the majrity of science
and technology expenditures by each prefec-
tural goverm ent are accounted for by ex-
penditires on regional research nsthites and
nsghutions of higher education In science
and engineering. By exam Ining the mtio of
these two expenditures to the total science
and technology expenditires, it is possible to
geta grasp of the attributes of the policies for
the prom otion of science and technology n a
particular prefecture. Based on this idea, n-
dicators have been created that show the ratio
of these tw 0 expenditures to the total science
and technology expenditures. However, as
m entioned previously, the constuicton of a
large-scale faciliy, such as a instdtution of
higher education In science and engineering,
causes a rapid ncrease In a prefecture's ex-
penditures in a given fiscal year, which leads
to a tem pomry Increase In this ratio, the in -
pact of which must be t@ken Into considera-
ton.

Figure 933 (gee the nextpage) show s the
plot for the ratio accounted forby these two
expenditures foreach prefectural govermm ent
I FY 1997, along w ith the sin ple average of
these ratios (efene=d to as the “national aver-
age”) for every prefectural govemm ent in
FY1992,FY 1995 and FY 1997.

A coording to this, the m ajority of prefec-
tures n the K Inki Region are located In the
upper-left of the graph, w hereas the m ajority
of the prefectures In the Kyushu Region are
at the bottom -rightof the graph . An exam a-
ton of the prefectures located 1 the up-
perleft part of the gmwph dhows that In
FY 1997 they had large expenditires for the
construction of Insttutions of higher educa-
ton In science and engneering, or forthe op-
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eration of universities ncluding m edical fac-
ultes, science deparm ents, technology de-
parm ents, and so on. Furthem ore, the na-
tonal average is m oving to the upper left. If
we consider the amounts for science and
technology expenditures from this perspec-
tve, it is evident that nsttutions of higher
education In science and engineering account
for a grow Ing proportion of the science and
technology promotional policies inple-
m ented by prefectural govermm ents.
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94 Achievem ents of
Science and Technology
Actwibes

One of the w ays of indicating the r=gional
achievem ents of science and technology is
by the num ber of patent applications. In this
section, w e discuss indicators of the num ber
of patent applications foreach prefecture.

941 NumberofPatentApplications

The num ber of patent applications for the
prefectures have been totaled according t©
the address of the applicant. How ever, the
Inventorand the applicant are not alw ays the
sam e, and m any large coyporations lodge ap-
plications from their head offices (©often lo-
cated In Tokyo orO saka), w hich isnotw here
the mvention actually occurred. Thus the
num ber of applications by prefecture
does not directly ndicate the rmgional

achievem ents of science and technology, but
i can be considered to reflect the achieve-
m ents of science and technology activites or
hdustral activites to a certain degree.

Figure 94-1 chow s the num ber of patent
applications by prefecture per 10,000 pecple.
There is a considerable bias tow axd Tokyo
and O saka, which account for over half of
the toal num ber of applications n the coun-
try. How ever, the reason given above must
be tgken nto account. Even if we consider
the numbers calculated per 10,000 pecple,
there is no change In the large num bers for
Tokyo and O saka. The number per 10,000
people is high for Kyoto, which rivals pre-
fectures w ith high absolute num bers, such as
Kanagawa and A ichi. Thus, populous pre-
fectures are not necessarily ranked highly
w hen w e congiderthe num bers calculated per
10,000 people.

Fgure 94 -1 Num berofpatentapplcatons by prefecture 1996)
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9 5 Science and Technolgy
Activites and Regional
Econom ies

The science and technology activites of a
r=gion are cosely lnked wih is econom ic
activites. C onsequently, we w ill discuss In-
dicators that are closely linked w ith r=gional
econom ic activitdes in this section.

951 NumberofVenture Com panies

Venture com panies are know ledge-
Intensive com panies that are highly special-
ized and highly Immovative.

Venture com panies often apply the
achievem ents of the latest R& D activites to
Industry, and since this tendency is consid-
ered o be closely related to the developm ent
of a region thmugh science and tecdhnology,
w e w il focus on the Indicator for the num ber
of venture com panies In each region. How -
ever, due to the lack of com prehensiveness
and continuity i the da@, we have created
an Indicator for the venture com panies lised

In the "N ikkei : Annual Corporation R eports
of Venture Business” published by the N jhon
Keizai Shinbun, In oxder to get a grasp on
the num ber of venture com panies. The crite-
ria for being listed in this book are that a
companty has unique tedmology and
know -how, has mantained a high growth
e for the past several years, is rlatvely
young, o, if it is a com pany w ith a long his-
tory, it has recently converted to a new type
of ndustry'.

Figure 9-5-1 show s the num ber of venture
com panies for each prefecture, toaled ac-
cording to the m ethod above, along w ith the
num ber per 100,000 peocple. A look at the
number of companies per 100,000 people
show s that In additon t© Tokyo and O saka,
Tokuschin a, Kyoto, Fukui, Nagano and Shi-
zuoka are ranked at the top.

If we consider the fact that am ong these,
K yoto and Shizuoka also ranked near the top
for the number of patent applications per
100,000 people n Figure 94-1, and that
Nagano and Fukui also rmnked mwhtvely
highly, it is evident that science and technol-
ogy activites in these prefectures are thriv-
ng.

Fgure 9-5-1 Num berofventure com panks by prefecture (1998)
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Soure: ktotalk on the bass ofN hon KezaiShin bun, “the N kkeiVenture Bushess Yeatbook (rersn i the FY1999)”. lh addibn, allpre-
fectures popuktbn & Statstics Bureau ofthe M anagem entand C oordhatin Agency fiom the ‘Bnnualr eporton the Popuhbton Est-
mates” o a towl T addibn, the num ercalvalie per100,000 popubtons & cakubted i the Natbnalhstiute of Science and Tech-

nobgy Polcy.
See:appendkx @bk 9-5-1
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952 Num bers ofCom panies w ih
New Listings and O verthe-counter
Issues

Those com panies w hich have grown stead-
ily may be listed on the stock exchange or
issue over-the-counter shares n oxer to
make it easier to m@ise funds as a means t©
further developm ent. A s a result, the grow th
and comm encem entof new com panies n r=-
gionswherr R& D is thriving is considered to
be linked to the listing of com panies In m any
cases. Thus, we exam ne the number of
companies w ith new listngs and overthe-
counter issues foreach prefecture.

I Figure 952, the number of new ly-
lised oompanies or companies wih
over-the- counter issues w ithin Japan for the
six yearperiod from 1993 to 1998 have been
totaled by prefecture, based on the address of
the head office. For the values calculated per
100,000 pecple, there are Iaxge num bers of
com panies for populous r=gions such as To-
kyo, Oszka, and Aichi. M oreovey, Kyoto,
Shizuoka, Nagano and Toyama, ranked
highly n the num ber of patent applications
and in the num ber of venture com panies per
100,000 pecple (see Figures 94-1 and 9-5-1
above), and 1 comparison to other pre-
fectures, it is evident that the achievem ents
of science and technology In these prefec-
tures is ted to the creation of new compa-
nies.

Fgure 9-5-2 Num bers ofnew publc com panks and overthe-counter ssues by prefectur
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Soure: Etotalk on the Bask of 'Transion by New Publc Com pany AllPrefectures” thig ofas printihg ofAprill, 2000) i the hom epage ‘A
Daiva Venture Land” ofthe Daiwa Securies creaton. Each prefectures popubton & Statistes Bureau ofthe M anagem entand C cor-
dhatbn Agency fiom the ‘RnnualReporton the Popukbton Estin ates” to a toml T addibon, the num ericalvalie per100,000 popub-
ton & cakuhted h the Natbnalhstiute of ScEnce and Technobgy Polcy.

See:appendk @bk 952
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953 Grss Prefectural Productand
Prefecturalhcom e Levels

Regional science and technology activites
n any form are thought t© be reflected In
gross prefectural product and prefectural in-
ocom e Jevels, thus these two values are taken
up as ndicators In this section. The fomer
represents the value which has been new Iy
added by the production activites w ithin a
prefecture during a set period, and is based
on the concept of “activibes w ithin the pre-
fecture”, which covers the econom ic activi-
tes that occur w ithin a prefecture regardless
of the residence of those taking part In them .
The latter, on the otherhand, is based on the
dea of “activides by prefectural residents”,

which covers the econom ic activitdes of the
residents of a prefecture, rgardless of the
Jocation of those activites.

Figure 953 chows the per capia gross
prefectural product and prefectural ncome.
A coording to the figure, on a national scale,
the Tncom es for prefectures sunmounding To-
kyo, such as Kanagaw a and Chia, are high
rlative to their gross prefectural product.
This is thought to be due t© the m ovem entof
wealth as a result of the residents of these
prefectures working and collecting their n-
com es In Tokyo, w ith i high gross prefec-
tural product.

Fgure 953 G wss prefectumlproductpercapia and percapia iicom e by prefecture

FY1996)
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See:appendk bk 953
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9.6 StracturalChange of
regional ndustxies

Th this section, w e consider changes In the
ndustrial stucture of each prefecture as seen
from the num bers of w orkers.

Here, we use the data for the 15 year pe-
riod from 1980 t© 1994 for the number of
workers In the m anufacturing ndustries of
each prefecture (from among 23 ndustdal
categories) as mpresented by the ndustry
editon of the ndustral satstcal tables,
(compiled by the M nnisty of htemational
Trade and Idustry), and analyze them ac-
cording to the factorbelow .

NV ote: the source of the m ethod of calcula-
tion, chart and graphs below is the N ational
Thsttute of Science and Technology Policy's
Study on Spatial M cbility of M anufacturing
Thdustry and Structural Change of Regional
Tndustdes I Japan, 1999 NISTEP Report
No.60).)

TRIS = %x > |az/Ai- A /A4
r

A irT'ype rof industry condition variable
by prefecture i faum berof w orkers)

A i: A N type of ndustry condition by
prefecture i fum berof w orkers)

Anr: Type rof industry condition variable
In nationally. ¢um berofw orkers)

An: ATl type of ndustry condition variable
In nationally um berofw orkers)
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ICRIS (Index for Conversion of Regional
Ihdustrial Stucture) ndicates the extent of
the deviation betw een the distrbution of the
hdustry conditon varieble @umber of
w orkers) nationally and in prefecture i, for
manufacturng mndustdes. That is, ICRIS
represents the characteristics of the industrial
stucture of each prefecture wrhtive to the
Industrial stucture of the w hole of Japan.

The ICR IS values have been calculated for
each prefecture according t© Equation 9-6-1.
The an aller the value, the closer the com po-
nent matio of a prefecture's ndustral stuc-
ture - that is, its Industry condition variable
fhum ber of w orkers) - is to the national av-
erage. The an allest value of 0 m eans that the
dustrial stucture of a partcular prefecture
is consistent w ith the national average. The
larger the ICR IS value, the greater the extent
of deviation between the national average
and the industrial stucture of a given pre-
fecture. Thus, if a prefecture has only one
type of mdustry, this value w il be close t©
one.

The vertical axis In Figure 9-6-1 r=presents
the Industry condition variable, while the
horizontal axis represents the ITR IS value.
These values are plotted for each year show -
Ing a tim e-series of m ovem ents that indicate
the changes 1n the Industrial stucture of each
prefecture.
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(A)New industrial entry or an

Fogure 9-6-1

(B) Specialization

() Itis uniformly a grown Industrial or a new place-

invited type up type of- production fromation
increase A
Industry Condition variablef (H) Type- of- industry conversion type
(vertial axis) A g
decrease Y
(C) Specific mdustry ora (F) It is uninformaly a (D) A specialization
place- of- production declined type decline or a new place-

formation type

of- production formation
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Figure 9-6-1 @A) Indicates that the lndustrial
stucture of a given prefecture tends tow axd
the average, w ith a rising industry condition
varisble, which suggests developm ent and
grow th w ithin the prefecture due to new in-
dustres entering orbeing lured in.

B) Indicates that the Industral stuicture of
a given prefecture tends tow ard a dom nant
Industry and grow th. This m eans that the ex-
isting industries, w ith their high com ponent
1atos, are experiencing fiirther grow th, such
that their com ponent mtios will rse even
further.

(C) Indicates a downw axd tendency in the
Industry conditon variable of a given pre-
fecture, while the nduszial stucture is
moving tow ard the average. The decrease in
the com ponent ratios of existing industries
m eans that the com ponent 1atio for other in-
dustres is rlatively high. As a reault, the
dustrial stucture is changing and m oving
tow ard the average

of this country.

D) is the opposie to this, and indicates
that ndustries w ith a Jow com ponentatio n
a given prefecture w ill decline further, while
the com ponent ratios of the industry condi-
ton varable for the existing ndustres w ill
tend to becom e rlatively high, thus leading
o a decline In the ndustyy conditon vari-
able.

E) Indicates a rising ndustry conditon
variable w ith a static Industrial stucture fora
given prefecture, w hich m eans that all mdus-
trdes are grow Ing evenly as the Industry con-
dition variable rises.

) is the converse to E), and Indicates the
siuation In which the industrial stucture is
unchanged w hile the lndustyy condition vari-
ablk falls.

G ) r=presents the case In which the exist-
g ndustries decline at the sam e tin e new
ndustdes enter or are ured In. A lthough the
Industry condition variable for a particular
prefecture does not fluctuate, the industry
com ponent ratio m oves tow ards the average
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of this country as the industrial stucture
changes.

H ) represents the situation n which those
hdustres with large component mtios in-
crease further, at the sam e tin e as those In-
dustries wih small component mtos &Il
Thus, although the ndustry conditon vari-
able for a particular prefecture does not fluc-
twae, s hdusal stucture tends tow ard
dom inent ndustries.

Those prefectures w ith special characteris-
tes with regard o the Industdal stuctures
described above are show n below .

Tables and graphs show Ing the tim e series
for the num ber of workers and the ITRIS
values forall 47 prefectures can be found in
the appendix t© this chapter (see Table 9-6-1
and Figures 9-6-8-1 to 9-6-8-47).

(1) RegnalGrow th Due To Entry orAtraction
ofNew hdustries

As an example of this type of ndustial
stucture, we will use Saga Prefecture. As
shown in Figure 9-6-2, the num ber of w ork-
ers In this prefecture grew 1em arkably until
around 1991, while the ICR IS values consis-
tently fell. This ndicates that as the com po-
sition of the types of industres diversified,
the Industrial scale, represented by the num -
berofw orkers, expanded asawhole.

For a prefecture which digplays this kind
of an Increasing industry condition variable
and declining ICRIS values, we exam ine
Shizuoka Prefectuire below and o on.

Fhure 9-6-2 Varance ofnum berof
workers by Saga prefecture
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Ih the case of Shizucka, the grow th of the
m e@lw orking, electrical equiom ent or preci-
sion equipm ent Industries replaced the tradi-
tional pulp and paper ndustyy; thus, itseem s
that the change n the ndustrial stucture w as
due more to the rse and decline of existing
Industries than to the entry of new ndustyy
Figure 9-6-3).

Fgure 9-6-3 Varance ofnum berof
woxkers by S zuoka prefectur
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@) Regns w ih Dom hant hdustries orNew
Production Centers

A ichi Prefecture is discussed as a r=gion
typical of this type of stucture. The dom i-
nant ndustry in A ichi Prefecture is the trans-
poration equipm ent m anufacturing ndustyy,
which is at the center of the autom obile in-
dustry. The num ber of w orkers 1n this indus-
try has been m aintained ata com ponent ratio
of over20% 1 the prefectire overa 15 year
period Figure 9-64).

Fgure 9-64 Varance ofnum berofworkers
by Atxhiprefecture
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A 1o, m Okinaw a Prefecture, as the num -
ber of w orkers n the dom inant industries of
food processing and ceram ics ncreased, the
com ponent ratios increased Figure 9-6-5).

Fgure 9-6-5 Varance ofnum berof
workers by O khawa prefectur
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The grow th In the number of workers
both prefectures ndicates a siwation in
which the hdustrial base was stengthened
due to a further soengthening of the tradi-
tionaldom mant ndustries.
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B8) Regins wih Dom fhant hdustries or
Declning Production Centers

Kanagaw a Prefecture is discussed as an
exam ple of this type of r=gion.Atone tine,
the electrical equiom ent and transportation
equipm ent ndustries accounted forover40%
of the total num ber of w orkers 1n the prefec-
tre. However, due t© an ncrease In the
num ber of w orkers in other ndustries n the
1980s, the rato of workers In these two In-
dustres fell (ie.the ITRIS values fell) . A fler
1991, the number of workers in Kanagaw a
suddenly declined, largely due to a decline in
the number of workers In the electrical
equipm ent and transportation equipm ent -
dustries. The decline n both the I'R IS val-
ues and the num ber of w orkers after 1991 in
the graph for K anagaw a is a graphical repre-
sentation of the decline of both industries in
the prefecture.

Fhure 9-6-6 Varance ofnum berof
workers by Kanagaw a prefecture
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@) Declnes 1 Dom hant hdustries and
New Production Centers h a Region

Ih this exam ple, w e Jook at the num ber of
workers In Tokyo. From around 1985, there
was a significant decline In the number of
w orkers In the electrical equiom ent and gen-
erml machinery manufacturng ndustres,
which were the main industres up t© that
time In Tokyo. How ever, the extent of the
decline in the man ndustry of publishing
and printing was snall, leading to a rdse In
the Industry ‘s position Figure 9-6-7).

Fhure 9-6-7 Varance ofnum berof
w orkers by Tokyo
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A lthough the number of workers have
been assesses In this stance, by canying
outan assesam ent of other industyy condition
variables fumber of bushess Ilocatons,
volum e of products shipped, am cuntof value
added production) there are aleo prefectures
forw hich differences In the characteristics of
the Industrial stucture are becom Ing evident.
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