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Summary

Science and technology has been more emphasized in various aspects and required to
play diverse roles in recent years because of rapid environmental changes such as
competition on technological hegemony, climate change, population decline, and complex
social problems. The COVID19 pandemic is presenting unprecedented uncertainty as it
intensifies competition on global technology hegemony, strengthens domestic supply
chains in major countries and the world is being swept by a trend of protectionism and
global value chain. In addition to demand for carbon neutrality due to climate change,
digital transformation corresponding to them is increasing uncertainty. The deepening
aging population and the persistence of low birthrates have been amplifying the concerns
about the supply and demand of productive populations and science and technology
talents. In this era of great transformation, complex social problems require an increase
in the role of science and technology, and national innovation system. Science and
technology have been emphasized as a key base element for administrative government
and social consensus; therefore, it is important to develop R&D strategies for systematic
science and technology policy and innovation.

It is time to think about “for what, fostering innovators + capacity development - policy
alternatives * governance which is considering the direction for science and technology
innovation, area, goal scope, and impact.” When it needs to expand the role of science
and technology, and to utilize R&D effectiveness through convergency of science
technology—social science, the existing R&D strategic planning has often designed without
explicit consideration of the type and distribution of policy tools. Therefore, this task
focuses on the need to review the composition and planning of more systematic policy
tools in preemptive and effective response to uncertainties. In order to derive a policy
portfolio that composes R&D strategies according to rapid changes in the administrative
environment and technology advancement, it is important to analyze policy tools under a

more systematic framework with data.
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The primary purpose of this study is to explore the applicability of national R&D
strategies based on structured frameworks considering the characteristics of each policy
instrument, and then to present R&D strategies using systematic frameworks to derive
practical process and policy suggestions. It goes as follows: Qidentifying key factors
that raise uncertainty in the era of transformation, @comparing and analyzing domestic
and foreign R&D strategies, @examining the characteristics of the strategic planning
process in the area of science and technology, @trying to find the link between R&D
strategies and policy tools based on N—A—T—0—E framework, ®investigating the future
agenda based on N—A—T—0-E framework with survey and keyword analysis, and ®
deriving systematic R&D strategic planning regarding the characteristics of policy tools.

In order to achieve the goals of this study and propose R&D strategies, N—A—T—-0—-E
framework is used to analyze the policy tools specified in mid— and long—term plans in
science and technology fields, then to categorize each policy tool in point of
environment - social + governance(ESG). In addition, policy areas were derived through
surveys and keyword analysis, and R&D strategic planning which is data—based.

<Figure 1> Analysis framework of this study
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According to the analysis through the N—A—T—0—E framework, domestic R&D strategies
with financial support have been focused on the areas with short—term high
performance—oriented; however, shortages of R&D manpower have been intensifying in
universities, public research institutes, and SMEs because of aftermath of population
aging. A result of the distribution of policy tools show that financial support has been
strengthened and expanded in national strategic technology systems(semiconductor,
battery, etc.) and new industries (carbon neutral, bio, etc.) filed due to the COVID19
pandemic and the increased uncertainties in the global value chain, but it is only
temporary. The other result shows that domestic R&D support has been concentrated
in Information and Communication Technology (ICT) fields such as semiconductors.

As a result of analyzing policy tools of mid— and long—term plans in science and
technology fields through N—A—T—0—-E framework in the view of ESG, Mthe overall
science and technology plans have highly depended on financial instruments(T), and
the frequency of providing information instruments(N—2) has been the lowest. @Plans
related to ESG have indicated the highest frequency of data collection
instruments(N—2), and non—financial incentives instruments(N—4) have been the least
preferred. @Regarding the distribution of policy tools in non—science and technology
filed in the view of ESG, authority instruments(A) have been the most preferred in the
environment, welfare, and safety area, and enforcement(N—23) and finance instruments(T)
have been also frequently utilized, On the other hand, non—financial incentives(N—4) and
experimental(E), and single organization(O—1) instruments have been found to be
relatively undesirable.

According to the comparison of distribution by policy tools, this study selected @
providing information(N—2) and @ enforcement(N—3) for R&D strategic planning. In terms
of ESG in science and technology, it is necessary to strengthen enforcement(N—3),
financial support(T), and providing information(N—2).

Through the survey and N—A—T—0—E analysis, seven policy areas are selected as a
result of finding policy tools — (Dstrengthening core technology R&D capabilities, @
seeking strategies to counter the U.S.—China hegemonic competition, @strengthening
the overall coordination and responsive functions of the new innovation headquarters,
@promoting long—term support for leading technologies for more than 10 years, ®
attracting and training science and technology talent, ®the depoliticization of science,
and @maintaining the constant support in the filed of science and technology. Through
the linkage between the survey and the N—A—T—-0O-—E analysis, two policy tools -

providing information and enforcement - are derived in seven policy areas.
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First, the governance of science and technology strategic planning is required to
effectively carry out the collaboration between ministries. More specifically, it is
necessary Dto build up reflexive governance that can manage and organize science
and technology based on public—private cooperation, @to reorganize the
implementation stages for mid— and long—term strategic plan, and @to systematize
mid— to long—term diplomacy security plans for science and technology fields based
upon the Ministry of Science and ICT.

Second, the discussions on setting up a portfolio which will specify and map out
policy tools are more needed as the mission—oriented R&D for new missions has been
mostly focused on building up governance and discovering new fields.

Third, systematic public—private cooperation is demanded to overcome constraints
related to public—private cooperation, which is to secure global technology sovereignty.
It demands for Msupportive public—private cooperation through gradual improvement of
special laws related to securing technology sovereignty, and @public—private partnership
strategy by strengthening procurement system and public technology commercialization.

Fourth, it is important for evidence—based R&D strategic plan to present data through
visualization in a processed form to improve accessibility, reliability, and utilization.
Also, it necessary to release analysis of the burden of policy researchers and private
consumers by improving data quality such as (Dsystematization of public opinion
through the science intervention (STITalk), and @enhancement of data quality by
linking NTIS national R&D project data with researcher and institution ID.

<Figure 2> R&D strategic planning for responding to environmental change
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It should be praised that Korea quickly pursued the advanced countries and raised
the level of science and technology to the world level, as the existing R&D strategic
planning has been emphasized on discovery, organization, survey of stakeholders, and
research on industrial and technological trends. In particular, the growth has been
achieved by utilizing the advantages of the era of globalization, by training human
resources, and by incorporating into global value chain.

Meanwhile, it has been faced with the era of the post—globalization where has being
swept by a trend of protectionism and block chain technology in the severe
competition on science and technology hegemony. The problem is that it is difficult to
predict the future of Korea unless the government’'s R&D strategic planning is more
systematic and based on evidence. For instance, the government's financial support for
R&D activities is no longer enough to enjoy the same glory in the fields of science
and technology as in the past.

In order to prepare effective R&D strategies based on evidence, it is important to
actively respond to environmental changes and R&D strategy planning including a more
balanced and optimized combination of policy tools. This study attempted to find
implications for the N—A—T—0—E framework in planning R&D strategies. It suggests that
specific and explicit policy tools are included in policy coordination, and policy mixes
are required to secure global value chain in responding to the competition on science
and technology. In addition, it is necessary to derive a policy combination which could
solve social difficulties at the governance level.

If future research suggests more explicit and specific strategy plans such as data
collection, authority, financial support, policy experiments, and governance including

organizations, more effective R&D strategy plans are expected to be prepared.
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A= 17.1 16.7 16.4 15.5 14.8
A& 5HA| 16.7 16.4 16.1 15.2 14.4
FARG A 20.3 19.8 19.4 18.2 17.1
HTFFH A 17.4 17.0 16.6 15.6 14.7
QlABAA] 14.7 14.4 14.0 13.0 12.3
BFFAA 14.7 14.5 14.2 13.4 12.8
G A 15.2 14.8 14.4 13.5 12.7
SRR A 13.5 13.1 12.6 11.5 10.7
AFEH AR A 10.1 10.0 9.8 9.4 9.3
A= 13.8 13.5 13.2 12.5 11.9
AL RS 21.6 21.2 20.7 19.6 18.8
EHET 18.8 18.4 18.0 17.1 16.4
SRGE 19.8 19.5 19.1 18.2 17.5
Ay 22.2 21.8 21.4 20.4 19.5
A 24.2 23.9 235 22.6 21.9
AET 22.6 22.2 21.7 20.6 19.8
AR 18.3 17.9 17.4 16.3 15.5
AFEEAAE 16.3 16.0 15.7 15.0 14.4
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of =t 1975 - 34.1 28.1 5.9
Zegs 1990 24.2 411 23.0 18.1
o|ekz]o} 1988 20.1 34.6 23.1 11.5
=4 1972 - 33.5 23.2 10.3
2 9dl 1972 - 37.6 31.6 5.9
OECD 2006 17.9 33.5 25.0 8.4
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Q &4k& A3l 89l
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1 Sweden 74.2% 79% 69%
2 Switzerland 73.4% 77% 70%
3 Finland 72.4% 71% 74%
4 Denmark 72.2% 69% 76%
5 Norway 72.2% 81% 63%
6 Austria 70.5% 70% 71%
7 United Kingdom 69.9% 72% 68%
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9 Netherlands 68.0% 68% 68%
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28 Canada 61.7% 67 % 56%
32 United States 60.7% 66% 56%
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78 China 50.9% 50% 52%

ZA: WEF (2020). Fostering Effective Energy Transition 2020 edition 13p & ¢l-&
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= %) (87 | (76 | (53| (51| (6.4 | (1.1 ] (1.9 ] (1.1 | (44 | (18. | (13.
(%x]é;cﬂu] ) ) ) ) ) ) ) ) ) 0 | D | 6.3
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) ) ) ) ) ) ) ) ) ) )
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AREAE 6.1
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E yEtgton ook FAMAIGE, BRAEAF, w§H F i BAHE
of A7) kel ibo] HAE
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AKE 19,286 21,933 23,444 24,331 888 3.8
Sau AR 10,744 14,885 17,229 18,338 1,109 6.4
33 6,504 7,131 8,022 8,533 511 6.4
IR 6,362 6,906 7,825 8,529 704 9.0
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- 7|< 7] & (Technology Planning)e|&, 7|&dofE AR g 7]|F S
AT 7€ TR g AutEFoln, dFr| ezt AL EF S
Aoz gt 7]18g ou|ste ojw] AAE EAH vEs ATty g A
g X56)

- 7lE718 e Al JEE AFEY R AAFE Y o 84S
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A T W Aol ol ZEEv, AAEFE G4 e AEA
Aol HEAAYFR A4 £ &, 57 AANFRE A 7] 93
oExor &gole FHOY)
- A

- Schneider®} Ingram(1990): &3 Mol H
Y= FeeF FEst= Wk ]

(means of involvement)

56) EA: £4 35 2(2013). A WA FRE AT At Tler|FWHE
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w)u] & (Howlett&Ramesh, 1995)
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S of uwhel A

T (carrots): A5, dE EH Y EAA A = e Fo]

AR FH(sermons): AAAYE, ToF A A5, A Sol| s

<E 4-1> 345U #Y2F

i &

Hood
(1986)

+ v} 7}/A ¥ (nodalidty/information)
» A} & (treasure/finance)

« A %] (authority)

« % A (organization)

Doren&Phidd
(1983)

« A B A ¥/ = (exhortaion)
« A% Z (expenditure)

» 5FA| (regulation)

« ¥ A 4 #(public ownership)

Peters&Van Nispen

« WA rh(legal instrument)
« A} A A ¢l (financial incentives)

1998
( : « A B A (information transfer)
Ved .
(508?? * 1Al (sticks), 7 Al (Carrots), & X (sermons)
s ASAHAFAEF(HH —A): dHIA, ZAAAAN F4 =+
Lascounmes&Le c A2 FAT AL FE): det W felv|uk 7

Gales (2007)

BRI =7, A HEA A

o fel# (inducement)

Hand, L .
(2012) » 5FA| (regulation)
« x| Al/o 2 (capacity/knowledge)
o A 1-F-A 3FEY AP 1-FA 3FHE 235}
A edal 97kA] AAEF FHE A Al
- o AA-SFA, FAZAA, A A
(2007) C AR, EARAY, BHH
o AAAR, EAAAR, HHAR
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sk x} Y &
e AREFANMAEFTE TR AT A e et YA =T
5}l 3] & A T8
(2007) c AAET AF AAFF, AERAF
s MR AR A A, A, 2AXE, AFEE, vbeH
A0 A 20(2018). F FA AL EA AL 9lah wvhd PASw Lo B A7 B

O ALY FHRE AAFHES WA WEZ TR BE Folal 54
L3 b

of weh AEHL ol R Aol #1447kl whe W

- HEAH HE A AAFEGS A £2F5 WA AY T A Fro] ESE=
Ao S wmet dHFE A AstE AH A LW (resource approach)

- AR A EAE MRS A A 7 e A R o R
7 A A & (enforcement), F+ %= (inducement), @l ¥ Al & (benefaction) < AF7}
B A3 F4 (money), B A A A A (political support), A4 <= (administrative
competency), &% 2|t A (creative leadership) At 52 A2 & %2307
T = 2§
- AA LS 1y (mandates), £ % (inducements), & 23 4 (capacity—building),
=

A A ¥ 3} (system—changing) 52 HF3E 7}%5

- Christopher Hood(1986)+ A7} Bfsta e AL 24 471A
A B (information), A+ A (financial), A & (coercive), &% A (organizational)
Ao g EFsa olg A™MEL 77 A (nodality), A #](authority),
A A (treasure), & A (organizational) AFH o & F33}3sbe] 7zt o FAE Ho}

UJE(NATO) 5 23600]g} w3t

- X3 Hoode A2 AAFe WAL E7tysty, R AL nietS
X““*EPOETH T2 Aol o EstE FHER £aA o] o] EAsi,
A H ol vt o E 5= mHi—‘%i NAA, =2AA AL E8& 233t =
He| 2o £AA o|do] ottty FAF

S AR BAT ALDEe A RUE Y} A2} T hA BHoR A g
Hssin, 87bA AASY WEE KA s

* Hoode AFS|EUE @] HA& detectors, AF8|H s} £4E effectorsgl A&

60) o] A7 A4A e A= Hoode] NATO #57+
Experiment)<S ¥&3lo], "N—A—-T-0—
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