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* What are “Policy Options” ?
* How to forecast future trends of Science & Technology ?
+ How to evaluate their social and economic impacts of Alternative
Policy Options ? :
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Alvin M. Weinberg (1974) “Science and Trans-Science”

B - BT L HEDOBRHOYAVORTEST RS DEENRFISHREDL EHTEREER
HAEEEFTESN., LOLBZRICICK O TOATREEFAZAZRVWEIEATELL, oL
FREICH LT, PR -HA I VRGREEVWSIEETRAI L LZIRET S,
(Many of the issues which arise in the course of the interaction between science,or
technology and society hang on the answers to questions which can be asked of science
and yet which cannot be answered by science. | propose the term trans-scientific for these
questions.

“Transcend science’® 3 DNDIHEH :

OHETEZAZHTICIEERLNMY I F SHMRE : Science is inadequate simply
because to get answers would be impractically expensive.

QRENEHBET, HEMLGAEATHEEEMNLGERZRDITACENTELIMGS -
Science is inadequate because the subject-matter is too variable to allow rationalization
according to the strict scientific cannons established within the natural science.

QFEEZTNBEENGREPLENLTHEEA TULVSIHEE : Science is inadequate simply
because the issues, themselves involve moral and aesthetic judgements.

BB TE, HEe T
EE‘ ;0) TE1) ZEfE

T BRTELL, B
LHHIEIC E > T R
CRENICIEER LA L. &

TRF BUARDERR

Trans-scientific issues which arise in the course of the interaction between science,or technology and
society hang on the answers to questions which can be asked of science and yet which cannot be
answered by science. In order to solve such complicated issues, reliable collaborations among scientists,
citizen and politician, in which every actors have surely their responsibilities to make roles, are highly
important .

* Scientist has to be “Honest Broker”, who can make reliable advices to citizen and politician.
B2EF, mROEHEOESI L. TR - BUA~NDBMEBE TR ITAIEGZ 54,

(Honest Broker),

* Citizen has to be independent well-educated person, who can surely understand the role
of science and technology. TRIEX, ML=, ENEKRTOHZICHT HERZETHY.
BEAN] TRITNIEGE %L,

* Politician has to be independent representative of the citizen, but not biased
representatives of the special interests. BURZR (X, BAGHERDARE TG, ML
MEDKKRETLEITNIEG S AL,
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ll. Co-evolutionary development of the “Science of STI.
Policy” and the “Policy Formation Mechanism”

Feedback of

Development " Co-evolution ~ Evolution of

of the*Science Communication Policy Formation B

of STI policy” & Trust

Stimulation
Objective Normative
“Research Integrity and Scienficis
Responsibi [ ity" Copyright (C)2011 JST All Rights Reserved.

FERRAB-OOHFHLBREED I L—LT—Y

Framework of “Science for Redesigning Science, Technology and
Innovation Policy “ ( ScIREX Program)

Development of “Science of science, technology and innovation policy”
Chapter 1 Toward Establishing a National Based on Science, Technology and
Innovation
Chapter 2 Challenges to be Addressed by Science, Technology and Innovation
Chapter 3 Creating an Environment Suitable for Science, Technology and Innovation
Chapter 4 Fulfilling the Headquarter Function of the Council for Science, Technology
and Innovation
I Comprehensive Strategy on Science, Technology and Innovation 2014
- Bridge of Innovation toward Creating the Future — ] June 24, 2014 Cabinet Decision
1. Deepening the understanding for the properties in the modern sciences
and society : B} 25 T/ EF L = O RRFEEEIE(A)
2. Setting “Policy issues to be solved 3R 7B F R FE (B)
3. Importance of the “Impact Analysis” of STl policy alternatives as “Policy Options” :
BURFEDREIR(C) LBUERA T a »ORHE(D)
4. Assessment_of “Policy Options” and Policy making: B B &% pf B 514 & B3 2R (E)
5. Explanation of the policy to the public & getting understanding and consensus building:
ER~DBERGA LB - BEDOEK (F)
6. Ex-ante policy evaluation : B RIBUEREEE (G)
7. Co-evolutionary development of the “Science of STI Policy” and the “Policy Formation
Mechanism”
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A Bird’s eye View of Science for Science, Technology

and Innovation Policy

/ Setting a Policy Issue

Visions for the Future

Backcast, Forecast \/ é;* i lOW 'g Seleci ! |

_’[ Setting Issue to Solve (

A

Structure making
Alternative Policy Options

h

Choice of Alternative Policy

<—
Ow'to set Targets? " Setting Targets to Achievd Instruments —l

SIT Policy Science Questign 4
Views for the Future /~Choce of Indicators™~|  -Social Technology How to depict 4he

(Alternative Cases i i Policy complexity of the
including BAU) ’ Overviews of Policy

Instruments Model for Assessme nt
)

ociety

vtureTrend - L > pAssessment & Evaluatig

of Socio-Economic Impaft{

Exogenous Variables |~

* Trends of STI
= Demographic Factors

. . . - ? ||
Observing Current Stages in Society as Evidences
Structure of Data

Assumption for k

(1) Population & Demographic Factor
(2) Current Perspectives of Science & Technology
(8) Current Stages of Industrial Structure
(4) Trend of Economic Growth & Income Distribution
(5) States of Human Resource and Employment
(6) Balance of Government Budget

(7) others

Assessment &Evaluation

Bird’s — eye View
of Social Statistics

A 4
Providing Materials for understanding
Among Stakeholders

Bird’s —eye View
of Science & Technology

1V, Forecastmg future trends of smence and technology

There would be several possible sets of
targets, conditions and policy instruments
and their socio-economic impacts are
different.

~
Y )
4 L - 1\ 1 \\\
Policy issuel Target Instruments . L. : :
(to reach goals ) (to solve the policy . (to ?)chieve the -/ | Prediction of socio- | N
\ R i i > economic impacts

Example: revival from the
earthquake in 2011 and societal (
deve L

Example: Protection from naturajjdisaster

i i Taroget example: reduction of CO2
P(Otcl,lrgzhlisag)ez (to solve tge policy <u! Elfgylmgrgetos ), n_amissiqn, job crea_lt!on and
issue) ) )-/ 1 industrial competitiveness
example: realiz_aiton of safe and Example: promotion of green 1 | X y
wealthy living standard innovation \ ,, 4 )
. . 0 PO optio a
Policy instruments for the prEmess o: “prediction-prevention-oriented promotion o

examples: allocation of R&D
i i iti £d aliti 10610 et SOCle
investment in areas, quantities and

organizations. arge nrec 0N and prevention of diabete

examples: relaxation of regulations, organizational reform in
industries, academia and public administration in STI policy,
social infrastructure, education and human resource
management, enhancement of international projects
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Experimental Case of Policy Option: “Prediction-Prevention-Oriented
Promotion of Healthy and Long-lived Society”

Policy target is to realize the promotion of healthy and log-lived society by the
development of “prediction and prevention” technology” in the case of diabetes. We
tried to forecast the development of the technology for prediction and prevention by the
collection of ideas and opinions from experts in these fields and write roadmaps for the
development of SIT as several alternative scenarios

Selecting Policy Instruments and Construction of Models of the

writing Scenario Evaluation for Impact Assessment

. B Construction of Data Base
M Alternative roadmaps of STI & . L.
B Prediction of the Clinical Path &

Policy instruments _ probability change in state
* Roadmaps and Scenario of STI transition

. Roadm.aps of AI.ternatlve B Development of models to
Scenario of Social system and evaluate the social & economic
Institutions impacts

Writing Policy Options

(Evaluation of Social & Economic Impacts
for Alternative Policy Options ) 9

Flow-chart of the Model for Policy Option
- An Experiment for Policy Design -

1) 4\ A 25 ( Exogenous Scenario) :
43 AH  Future population
distribution (Bau Scenario by Gender, Age)

1)  SEZH (Exogenous Scenario) :
Road-Map Scenario : Bio-Medical
Science & Technology
* Road-Map Scenario: R&D Investment for

- PERI - SEIRBISER SRR ESBau T ) A

Bio-Medical Science & Technology Gender, age and health state distribution and
* Scenarios for policy instruments: BAU transition probabilities of a specific disease
Tax & Subsidies, Medical care (diabetes) as a base-line scenario

A) Module I: A OH#EBFHIE 5 /L Simulation Model for the Structural Changes
in Population
R&DIEIZL B 7 V=)V - 7XADZEAL : Changes of Clinical Path by R&D Investment
Y=« RABITE X BIREBEB~DEE : Prediction of the Clinical Path &
probability change in state transition model by R&D Investment
RIBERIC £ 5 A OREEEL (MR - ££&5B1) : Changes in gender, age and health
state distributions of diabetes brought by transition probability changes drawn from the
scenario
Time-series scenario for gender-age population distribution of healthy life expectancy
predicted from the predicted numbers of patients and mortality scenario

B) Module Ii: £1% - REERRESERES /L : Simulation Model for Social and
Economic Impacts Assessment

© R&DFEEILIT X B EERILEEMEZAL : Productivity Changes by Industry due to R&D
Investment

« R&DIFEEIT X B HFREARDZEAL : Changes of Knowledge Stock by R&D Investment
]through tangible and intangible capital formation

« ISH—¥IEE TV : Applied Multi-Sector General Equilibrium Model

o F—F _— 2 DWEHEData Development : Input-Output Transaction Table, Capital Formation
and Stock, Matrices for tangible and intangible assets
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Methodology

HigTr—4:

Basic Data

FEPR R DK BB A B E 2K
DHEHF %

Gender, age and health
state distribution and
transition probabilities of
a disease (diabetes) as a

base-line scenario
RENEZEODTFiE
Method of Impact
Assessment Model

contents

n EEXERAR
Input-Output

Table

m KA LYY

Knowledge
Stock as intangible
assets

m <)L 7EE

ETIL
Malkov Chain
Model

n ZEFIREE—
AR ERIEE
KEETIL

Applied General

Equilibrium Model

Description of data and methodology

Input-Output Table for analyzing interdependency of
the economy, which are related the medical progress
as science and technology development to various
economic activities in the market.

Progress in knowledge stock by R&D investment in
tangible assets as well as intangible assets.

the Clinical Path & probability change in state
transition by receipt data (more than 20,00 persons) .
Methodology for estimation od health states
distribution and transition probabilities of a
disease(diabetes) by gender and ages classes.

Construction of quantitative model building to
evaluate the social and economic impacts by the
development of orevention and prediction

technologies.




Estimation of patients by transition of stages on diabetes

B Concerning the transition stages of diabetes patients, we tries to estimate from medical stages data
observed by receipt data classified by age and gender, which are recorded by individual patient in time-
series. We can estimate the transition probabilities in each medial stages

B Date could be observed during Jan. 2008 ~Dec.2012 by monthly. Transition probability between
clinical stages can be estimated monthly. From the estimated number of patients related to the clinical
states we tries to estimate the necessity of the level of technical progress for the diabetes, by which
the target of number of patients will be expected by targets scenario.

B Technologies are classified into “Preventing technology by marker®, “Primarily Health Check
Technology by personal medical care”, “Medial Care through transition stages by ICT”, and
“Regenerative medical” until the year2030. Technology roadmaps are estimated by Bachcast method.

ransition Sate N _|
Regular Level

Stage
g State P ) P edica are b
M Od el Irregular Level 1 -~ L
State S, Diabetes
State S, SateS,;,
Irregular Level 2 € > Noifatiscrsil‘éion Non-prescription
(Heart Attack ets. ) Stop Treat less than 6 Mt
2 State S
ate
Stage S, 122
Prescription(Non-Insline Stopitreatimoreitham(Eht
State S131
State S,; Non-prescription
Readenera A Prescription (Insline) Non treat more than 1
ed * year
a
Stage S,
Complications:Diabetes
States S,

Artificial Dialysis
State D
Death
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B Five cases of alternative patterns of “Policy Scenario” in STI "5—

B By most efficient policy scenario, number of serious patients are expected to decrease
about 100,000 persons and save 159 billion yen for medical treatment cost totally.

w— e ——
POI|Cy ” Patients compared
Patterns Patients with ® in 2030

@ Introduction Pr——
of e — A 100,000
available tech. £ e
: 260 = =
Focus on [
@ . A80,000
p reve ntl ng 20154F 20204 20254 20304
tech n OI Ogy B B 5D —— B @) B/ S~ — B S—2E)
B5
®Focus on
medical care e A 40,000
personally by 5
ICT 50 o/
@Focus on a5
regenerative © A 20,000
® hedical 5 L
introduction 3%
of 20155 20208 2025 2026% 2027x 2028:% 2029 2030
neW e F AT} il BRI AT e B M= - ik, TRy -

technologies

14
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Example: Macro Economic Impact on Real GDP

B Difference of real GDP in the year 2030 between policy pattern @D and ® is estimated about
+255.4billion yen (100%), while in the cases @, ®~ @ the impacts on real GDP are
estimated about 66%, 33% and 2% of case &) respectively.

B Be careful to use these results, because the absolute results are meaningless. We are focusing on
the comparisons of the size of differences among cases.

—lﬂﬂ'!l SO

Real GDP

PO“Cy . Impact Difference in the
Patterns (Differences between year2030
@ Total R&D B % = m—
Investment for 3,000 +255.4billion
allR&D: 30 D100 yen
b|I|on yen 2500 [ 100 % ]
@ 10-0/b"“°g&D I | +169.1billion
yen/year
investment for 2,000 i HEI »
5 f(ge(\)/%nltl’ tech. I | oeetirxh [ 66% 17
.0-billion
yen/year R&D 1,500 I .
investment for ! 35-3b(|J”|OD< yen
ICT medical I I [33% 1"
@102 billion yen; M D33RAI
year R&D 4.1billion yen
investment for [ 2 %] %
regenerative 300 1
medical
D24
® No R&D V) ) +0yen E
Invstment [

BEENI-VD mEREN-VQ mBEAN-VQ nBEN-V@
X 2030E B RIS B T/ 52— DE K 8 —OOEHGOPE] (237 B &L

can estimate quantitatively social and economic Impacts of expansion 0
knowledge stock through R&D investment and implementation of alternative
scenarios for medical treatment as policy options

B We proposed a backcast methodology to forecast the future trend of development
of science and technology due to R&D investment, in which we collected the
information from the interviews to experts more than 200 persons in the science
fields.

B We call our methodology as “Backcast Method”, in which we ask to expert in
interview a set of the prediction of the future development as a roadmap as well
as the R&D investment plan from now to the target period simultaneously, in
order to reach to the target of the policy at the target year.

B We tried to express the future trend of science and technology as alternative
policy scenarios consistently with policy instruments. We call them as alternative
policy options.

B We tried to estimate social and economic impacts quantitatively by
implementation of the alternative policy options.
@ Several suggestions from our experiments

B When it comes to forecast the future trends of the development of science and
technology, information which are collected by experts shows a distribution as
concerns the timing of the realization of the event. How to treat such uncertainty
included within the information.

B When it comes to interview, it is highly important that the current situation as
concerns the proaress of the knowlesd1c10e is commonlv understood amona all
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