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Abstract

Advancement of the digital economy has transfornteel concept of the growth

crossover in nations and firms, both concerningiirgnd output. Advanced economies
have been confronting a dilemma between input asge and output decreases.
Contrary to traditional expectations, excessiverdase in input has resulted in a
productivity decline in output. A solution to thdilemma can only be expected by
harnessing the vigor of soft innovation resourtes kead to neo open innovation in the
digital economy. This paper attempts to demonsthasehypothetical view. Based on an
empirical analysis of the development trajectoae440 countries and 500 global ICT
firms, dynamism, resulting in bipolarization betwea virtuous cycle and a vicious

cycle between input increases and productivity soement, was discovered.

Furthermore, an empirical analysis focusing on dlegelopment trajectories of two

world ICT leaders, Finland and Singapore, iderdifi@ mechanism of neo open
innovation that assimilates soft innovation researimto a national production system.
This mechanism can substitute for research andlagawent (R&D) and removes

structural impediments to growth while providindieefrom the increasing burden of

R&D investment. The above findings provide insightbuggestions for drafting a

roadmap towards neo open innovation in the digcanhomy.
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neo open innovation

Corresponding author:
Chihiro Watanabe (watanabe.c.pgr@gmail.com)




1. Introduction

Advances in information and communication techngldtCT) have generated the
digital economy. This can largely be attributedthe dramatic advancement of the
Internet. The further progression of digitalizeshamation over the last two decades,
such as mobile services, particularly of smartpBoi®s augmented this generation
significantly.

The Internet promotes a free culture, the conswonpdif which provides utility and
happiness to people but cannot be captured thrthgtGDP that measures revenue
(Lowrey, 2011). Authors have defined this Interdeten added value as uncaptured
GDP (Watanabe et al., 204)5 The shift in people’s preferences from econowailtie to
supra-functionality beyond economic value (encorsp@s social, cultural, and
economic values) (MacDonagh, 2008) induces théanduradvancement of the Internet,
which intensifies the increasing dependence onptooad GDP.

Thus, the technological shift from the computer tgthe Internet and the abundance of
freely available digital products and serviceshia tligital economy (Brynjolfsson et al.,
2014) has resulted in a new co-evolution among le&oshifting preferences, the
advancement of the Internet, and the increasingertignce on uncaptured GDP
(Watanabe et al., 20ap

Based on these findings, the authors have demdtewtihe spinoff dynamism from
traditional computer-initiated ICT innovations imetera of the Product of Things (PoT)
to the Internet-initiated ICT innovations in thetdmet of Things (IoT) (McKinsey
Global Institute, 2015), as illustrated in the uppart ofFig. 1 (Watanabe et al., 20h5
2016).

In this Internet-initiated ICT innovation, bipolaation between ICT-advanced

economies and ICT-developing economies has becomeical issue. This can be

attributed to the two-faced nature of ICT, that wghile the advancement of ICT

generally contributes to the enhanced prices dfrtelogy through a new functionality

development, the dramatic advancement of the latemacts to decreased prices of
technology according to its nature, including fiesb easy replication, and mass
standardization (Cowen, 2011; Watanabe et al., 015

Since the decrease of prices corresponds to tHmeexf the marginal productivity of
technology, given the maximum profit seeking in thempetitive environment,
ICT-advanced economies confront a dilemma betw&dn ihcrease and productivity
decline.



A solution to this dilemma can only be expected Harnessing the vigor of soft
innovation resources, which are a condensate aysiatrof the advancement of the
Internet (Tou et al., 20B8201&). Soft innovation resources arouse and activaénia

self-propagating functions of ICT, which induce étinnality development, leading to a
supra-functionality beyond economic value that esponds to people’s shift in
preferences, as illustrated in the lower part of Hi
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Fig. 1. The Hybrid Role of Soft Innovation Resourcs.

Thus, the survival strategy of ICT-advanced ecomsnaigainst the foregoing dilemma
reacts to the spontaneous creation of uncaptured &fd leverages the emergence and
utilization of soft innovation resources. The ads@ment of the Internet, induced by a
preferences shifting to a supra-functionality beyaeconomic value, awakens and
induces soft innovation resources, as they are redassate and crystal of the
advancement of the Internet.

The recent resurgence of GDP growth in Finland,epsthdent of research and
development (R&D) increase, can be attributed tib ismovation resources, such as
trust between the public, employers, and labormased on the Competitiveness Pact
in 2016, which removed structural impediments toRGPowth (Tou et al., 20b3.



All of this suggests the hybrid role of soft inntwa resources in devising hybrid
co-evolutional innovation among the advancementl@f, paradigm change, and
people’s shift in preferences.

This hybrid role enables the provision of a solutto the dilemma that ICT-advanced

economies have been confronting and leads to nem amovation in the digital
economy.



To date, while many studies have analyzed idendcahomic behaviors of the nations
and ICT firms in the digital economy and identifiedique features of their behaviors
(e.g., Ahmad et al., 2016; Dervis et al., 2016; THe Council on Competitiveness,
2016; The World Bank, 2016; Byrne et al., 2016;d8tdin, 2017; EU, 20b7 IMF,
201h; Kahre et al., 2017; Bloomberg, 2018), none hasmahstrated the foregoing
hypothetical view.

Inspired by the foregoing, spinning-off, co-evotual innovation among ICT

advancements, paradigm shifts, and people’s prefese this paper attempts to
demonstrate this hypothetical view. Based on aensive review of preceding studies
and an empirical analysis of the development ttajezs of 140 countries and 500
global ICT firms, dynamism resulting in bipolarizat between a virtuous cycle and a
vicious cycle between input increases and prodiigtenhancement was discovered.
Furthermore, an empirical analysis, focusing on diegelopment trajectories of two
world ICT leaders, Finland and Singapore, iderdifie mechanism of neo open
innovation that assimilates soft innovation researimto a national production system.
This mechanism substitutes for R&D and removescsiral impediments to growth

while providing relief from the increasing burdeinR&.D investment.

The above findings provide insightful suggestioos drafting a roadmap towards neo
open innovation in the digital economy.

The structure of this paper is as follows. Secfodiscusses unique features of ICT.
Section 3 analyzes neo open innovation in the aligkonomy. The hybrid role of soft
innovation resources is analyzed in Section 4. mkehanism of the hybrid role of soft
innovation resources is investigated in SecttonFinally, Section 6 summarizes the
noteworthy findings, policy suggestions, and futtegearch.



2. Unique Features of ICT

2.1 Simultaneous Dissemination

The digitalization of the economic activity can m@adly defined as the incorporation
of data and the Internet into production processeksproducts, new forms of household
and government consumption, fixed-capital formatiompss:border flows, and finance (IMF,

20189).

Consequently, this activity is subject to uniquattees of ICT, centered on the
advancement of the Internet. This feature can baracterized as simultaneous
dissemination, logistic growth, and the two-facetune of price formation.

The simultaneous dissemination features of ICT banattributed to the Internet’s
functional features of self-propagating permeatibomogeneous ICT stock creation,
and co-evolutionary advancement with new functialelices.

(1) Self-propagating Permeation

The dramatic advancement of the Internet has gtatethe digital economy, which has
changed the way business is conducted and dady(Tiapscott, 1994). The further
progression of digitized innovation over the lasbtdecades, such as cloud services,
mobile services, and artificial intelligence, haggmented this change significantly.
This has accelerated the permeation of the Intent@tCT in general (Watanabe et al.,
201&), and has provided us with unprecedented servicesandeniences (DBCDE,
2009).

(2) Homogeneous ICT Stock Creation

Such permeation creates homogeneous ICT stoclpling a locomotive power in the
0T society.

By means of a bibliometric approa@uthors traced the trend in the transforming factor
of R&D into ICT stock in 27 ICT-related key scientific research articbemsisting of

(i) Internet R&D, (ii) Internet-related periphem&D, and (iii) other ICT R&D over the
period of 1980-2015 (see the details in Watanabelet201&). Above analysis
demonstrated that while the values of the transidion factor were diverged by 2005,
they have been converging through 2010-2015; tlyetelshnology stock, both of the
Internet and other broad ICT, can be treated asradf respective R&D that is leading
to homogeneous ICT stock creation.

(3) Co-evolutionary Advancement with New Functional Deices

The dramatic advancement of the Internet and itthdu progression of digitized
innovation have augmented the permeation of therriet into not only broad ICT but
also into all production factors leading to an koCiety (Watanabe et al., 2G)8

In this permeation process, digitalized innovatiomtually stimulates each other,
leading to co-evolutionary dynamics, and creatasva social ecosyste(®ECD, 2016).

1 |CT stock,T, can be approximated by the ratio of R&D expenditR; and the transforming factor,
X, asT = R/X in the long term, whergr = p (rate of the obsolescence of technologyp +
(growth rate oR at the initial state). See more details in SecBon
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This is quite similar to the co-evolutionary dey@ioent of personal computefBCs)
and printers through coopetitio@ooperation and competitiorgtrategies in the 1990s, as

illustrated inFig. 2.

1 Induce PCs PCs market Coopetition
S demand v NEC
(Printers ’ Fsuénns;
technology stock)\_\ Canon Toshiba PC
Canorn (Printer)  opy L
pR Printer > HP—>|pELL
((?umulative PC IBM
printer sales) Exierral | (Cumulative PC :
Printer market learning i%shipment)

Canon provided attractive
printers that induced PC
demand in the rival firms.

PCs increase produced b
rival firms in turn induced
printers demand.

In addition, Canon can
absorb advanced technolog
from rival firms.

Fig. 2. Co-evolutionary Development of Canon Printes and PCs: Coopetition.

Source: Watanabe et al. (2009).

Fig. 3demonstrates the correlation between the ratibef3DP per capita and Internet
use and the ratio of smartphone ownership in 40tt@s (11 countries in advanced
economies AE) and 29 countries in emerging and developing ecoe® EDE)) in

2015, respectively.
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Fig. 31. The Correlation between the GDP Per Capita and liernet Usage Ratio in

40 Countries(2015)
Source: Pew Research Center (2016).
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Fig. 3-2. The Correlation between the GDP Per Camt and Smartphone
Ownership Ratio in 40 Countries(2015).

Source: Pew Research Center (2016).

Fig. 3 demonstrates that ICT simultaneously pereseaito 40 countries, regardless of
economic development stage. Previously, a delagcdonomic development was a
fundamental impediment in emerging and developr@nemies, resulting in a vicious

cycle between economic development and technolbgibancement. However, Fig. 3

demonstrates that countries in emerging and dewgJogconomies enjoy the Internet
and smartphone usage, notwithstanding their lowllefzeconomic development.

Moreover,Fig. 4 demonstrates that, contrary to traditional techgpl the discrepancy
of the speed of dissemination of advanced ICT, sscthe Internet and mobile phones,
between high-income countries and low-income coestias dramatically decreased
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Fixed phones Internet Mobile phones
High income countries = Middle income countries  Low income countries

Fig. 4. Years of a 10% Dissemination Ratio for Fixé Phones, Internet, and Mobile Phones
by Income Level.

Source: White Paper on Japan’s Information and Conication (2011).

Such simultaneous worldwide dissemination creates/ng ICT-driven social ecosystem
(UNESCO, 2015). In this dissemination process, tdigied innovation mutually
stimulates each other, leading to co-evolutionaygathics, and creates a new social
ecosystemFig. 5 and Table 1 demonstrate a strong correlation between Interset u
and smartphone ownership in 40 countries regardiessonomic level. Such a strong
correlation stimulates the co-evolutionary develeptrof ICT advancement, leading to
the creation of a new social ecosystem.
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Fig. 5. The Correlation between Internet Usage an®martphone Ownership in 40

Countries (2015).
Table 1 The Correlation between Internet Usage andSmartphone Ownership in 40
Countries (2015)
InSP =-0.941 + 1.15®; In ID + 1.147 InD, ID adj. R?0.933
(-4.31) (22.66) (19.81)

SP. Smartphone ownership rati}: Internet usage rati@: Dummy variables,;: AE = 1,EDE = 0; D,:
AE=0,EDE=1).
The figures in parentheses indicate t-statistitsra significant at the 1% level.

All of these demonstrate ICT's simultaneous dissatmdn crossover to a
techno-economy, and this can be seen as one ahtgee feature of ICT.

2.2 Logistic Growth

Logistic growth nature is identical feature of IC3imultaneous dissemination of ICT
centered on the advancement of the Internet aswed in the preceding sub-section
highlights logistic development and diffusion, lgrization fatality, and
self-propagating potential.

(1) Logistic Development and Diffusion

ICT in which network externalities function to altbe correlation between innovations
and institutional systems which creates new featwk the innovation leading to
exponential increase (Watanabe et al., 2004). #opg]1998) portrayed an array of
logistically developing and diffusing social meclsmns stimulated by these interactions.
Advancement of the Internet further stimulates e¢hieseractions and accelerates ICT’s
logistically developing and diffusing feature.

(2) Bi-polarization Fatality

Given the logistic development and diffusion, IQivdn growth follows a sigmoid
trajectory which continues to grow until it reachemrying capacity (upper limit of
growth). In this trajectory, while growth rate comies to increase before reaching to
inflection point corresponding to the half level o&rrying capacity, it changes to

9



decrease after exceeding the inflection point. Thasntrary to simultaneous
dissemination, ICT-driven logistic growth incorptas bi-polarization fatality, increase
and decrease of marginal productivity between leedmd after the inflection point.

Fig. 6 demonstrateslevelopment trajectories in 140 countries in theldvand 500
global ICT firms in 2016 taking ICT advancement aisdmnarginal productivity to GDP
per capita and sales, respectively. Fig. 6 dematestrclear bi-polarization between
ICT-growing economies and ICT-advanced economiesildMhe former enjoys a
virtuous cycle between ICT advancement and prodtytincrease, the latter suffers a
vicious cycle as further ICT advancement resultsroductivity decrease.

140 countrie _NRIranking (2016) 500 alobal ICT firms RSD ranking (2016)
1 SGP  Singapore Toshiba 1 Samsun
35 QAT JRlrmy 2 FIN  Finland 20 £ Alcat 2 Intel
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O 30 HKe N2 5 USA United States : $ Nokia 5 Huawe
= DRELSTN G NLD Netherlnds $ Canon S el
u— G 7 CHE Switzerland o 16 & Hitachi 8 Oracle
o NLD * 8 GBR U. Kingdom — ® SAP 9  Qualcomm
NoR ¢ 9 JPN ) 3
P 25 Usa ¢ apan o 14 10 Siemens
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Fig. 6. Development Trajectories in 140 Countriesni the World and 500 Global
ICT Firms (2016)
" Amazon is included in the list as its market cdjzigion is conspicuous while R&D investment is
ranked lower than 25 countries in 2016.
Sources: World Economic Outlook (IMF, 2G97 Global Information Technology Report 2016 (World
Economic Forum, 2016); Economics of Industrial Resk and Innovation (EU, 20&y

(3) Self-propagating Potential

While growth will stagnate as growth rate decreaafter the inflection point and

closing to the upper limit in the ICT-driven growtm particular innovations, the

correlation of interaction between innovation amdtitutions display a systematic
change in the process of growth and maturity. Téasls to the creation of a new higher
carrying capacity in the processes of its develogmehis functions to enhance the
level of carrying capacity as development proceddss suggests that ICT-driven

growth incorporates self-propagating potential @Mabe et al., 2004). Arose and
activation of this potential may provide a solutibm productivity decrease as a
consequence of bi-polarization fatality.

2.3 The Two-faced Nature of Prices Formation

10



(1) The Two-faced Nature

Advanced ICT, initiated by the advancement of thieret, incorporates a contrasting
nature, bipolarization derived from its two-faceature with respect to price formation.
While the advancement of ICT generally contributesthe enhanced prices of
technology through the development of new functibnahe dramatic advancement of
the Internet reacts to decreased prices of techgofiue to its nature, consisting of
freebies, easy and free replication, and mass atdization (Watanabe et al., 2@t)5
Thus, advancement of the Internet beyond a celeail reverses the increasing prices
to decreasing prices. These prices are equivabtetttee marginal productivity of ICT
under the maximum profit option in the competiterecumstances. This corresponds to
the aforementioned bi-polarization fatality, stemgifrom logistic growth.

Fig. 7 illustrates this dynamism regarding 500 global I@ifins that demonstrate
bipolarization between price increase and decresgeending on the ICT advancement.

Toshiba

20 ‘“AlcalEe'I\AC
& Nokia
18 P Canon
= 00 Hitachi
9 16 ® sSAP .
5 * Number of firms
> 14 b, , L6 _ _
£ s % HP Declined firms HRIF): 25;
S 12 : .0 Panasonic i 1 .
S Py Increasing firmsl(RIF): 475
-g 10 9 * Sony
= : L 2
o 8 : Ericson
5 % \
s
.§) 6 f
© 4 Facebook
> 4
% Siemenls
2 . . (N Qu%?agé}‘len;_ A Microsoft .
0 Inflection point o 500 PP Ruawei Google Intel Samsung

0 1 2 3 4 5 6 7 8 9 10 11 12
R&D expenditurgbil. EUR)

Fig. 7. The Comparison of the Marginal Productivity of ICT in 500 Global ICT
Firms (2016)
Original sources: Naveed et al. (2018) and Wataeabé (2018).

Consequently, such bipolarization has become iabltin the competitive game of
global ICT firms. Provided that these firms seek rmaximize profit in the

competitiveness market, prices decrease as a aorse®| of the excessive ICT
advancement results in their marginal productivity ICT decline. Fig. 6 also
demonstrates such phenomena concerning 500 gl6Gafilms in 2016. This figure
demonstrates explicit bi-polarization between hR&D-intensive firms HRIFs) and

the remaining low R&D-intensive firm&RIFS). HRIFs have fallen into a vicious cycle
between R&D expenditure centered on ICT and itsgmal productivity, as the
former’s increase results in a decline for theelatOn the contraryLRIFs have

maintained a virtuous cycle, as an R&D increasaldeto marginal productivity

11



increase.

This bipolarization nature stemming from the twodd nature of ICT is another unique
feature of ICT. Productivity has declined in ICTvadced countries in the digital
economy (Watanabe et al., 2@1201&), and recent fears of stagnating trends in ICT
giants (The Economist, 2018) can be attributedhiofeature.

(2) Dilemma

Global ICT firms have been endeavoring to increthssr digital values centered on
sales § (Watanabe et al., 2048 The growth rate of saled¥%S) largely depends on
ICT (T) advancement rather than on traditional produdiaators K), such as labou{
and capital K). ICT’s contribution to sales growth can be appmated by the product
of the marginal productivity of ICT?S/,,: mp) and R&D intensity, the ratio of R&D
centered on ICT and sald¥/®): RS?

Global ICT firms endeavor to achieve sales growthetveraging ICT’s contribution to
this growth, consisting of an increase in the nralproductivity of ICT MP) and
R&D intensity RS. The product of both factor$/P x RS represents the contribution

of ICT to the sales growth rat€ig. 8 illustrates this strategy through the stages of
global position according to R&D leveR).

AS Jgs X ,0S R s X
_— = _t— = = _ = 4 .
S Z X S 0T S Z X S MP-RS

ICT contribution to sales growth raf&s = MP x RS Taking logarithm I§si=InMP + InRS
InAS =In MP + InR

3

8 A B C o

= @ S 16

S = 514

= % MP MP contribution % 12 C
3 = MP_ (in mP) s i A
= 'g MP 28| "
S _— E |

83 RS RS R contribution g LY

B © | RS (InRY )

—_— 0

0 1 2 3 4 5 6 7 8 9 10 11 12
R&D expenditure (bil. EUR)

Fig. 8. The lllustration of the ICT-driven Competitiveness Strategy in Global ICT Firms.

This strategy can be attained by constructing @moeus cycle betweellP andR (anR
increase leads to aviP increase, which, in turn, induces furtlieincreases), as far as
global ICT firms remainLRIFs (stage A in Fig. 8). However, once they move up to
HRIFs (stage B), they fall into a vicious cycle (&increase results in decliningP
(stage C)). In this pitfallMP recovery can be attained by reducRg@gmoving back to

A) which results in diminishing the target saleswth.

2 ==Y == +—=" — = +MP - RS

AS s X GSR_ZGS X
s X S 9T S “ax s
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In order to attain the target sales growth thasisential for the survival of global ICT
firms HRIFs should find disruptive innovation solutions to oax@ming this dilemma.
This solution can be found through:

(i) Incorporation of the vigor df RIFs that enjoy a virtuous cycle betweBrandMP,
and/or,

(i) Harnessing the vigor of external innovation resesrthat do not accelerate a
vicious cycle.

The former option can be expected by harnessingijoe of emerging and developing
countries (who remain at stage A) that also enjoy benefit of digital innovation
simultaneously. Authors (e.g., Watanabe et al. 58Dhave postulated the significance
of co-evolutionary acclimatization strategies farstoption, given the possibility of
further ICT advancement in the ICT-advanced ecorefhHowever, as confronting the
rising capital intensity in ICT-advanced econongabsequently increases the burden of
such investment (The Economist, 2018), this optran longer fits reality. The
Economist (2018) revealed the serious concernsangricapital intensity of global ICT
leaders by pointing out that “Investors love tetidcks for their high margins and low
investment. But this view no longer fits realityprRhe world top eight ICT firms total
investment has tripled since 2013, to $180 bn a.yedernet firms are now the
corporate world’s largest spenders, but exhilielibf the rigor seen at conventional big
investors such as Shell or Intel. The probablelréslower returns as firms throw cash
at mediocre new businesses and enter the marketelst.”

Consequently, the latter option has become a mooeniping option that can be
expected by means of neo open innovation, whichdsses the vigor of soft innovation
resources (which are externalRpcorresponding to the digital economy.

The next section discusses the consequences aipttios.

3 While ICT-advanced economies enable the furtheaadement of ICT, this results in the decline
of marginal productivity due to a vicious cycle Wween them in these economies. Thus, such
advancement capability should be addressed tod¥enaement of ICT-growing economies, which
enjoy a virtuous cycle between their marginal paility increases leading to sustainable growth.
ICT-advanced economies can harness the fruit ofvtpran ICT-growing economies thereby
co-evolutionary acclimatization between two ecoreswan be expected.

13
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3. Neo Open Innovation in the Digital Economy
3.1. Endeavors against Productivity Decline
(1) Consequences of R&D-driven Logistic Growth

Confronting the aforementioned dilemma, ICT-advanceconomies have been
endeavoring to find a practical solution by tramsfmg into a new business model.
Given that this dilemma stems from the unique featf ICT, logistic growth with
simultaneous dissemination, as reviewed in Se@jothis feature should be reviewed
first (see the details of the mathematical dematistn in thecolumn 1).

Table 2 analyzes ICT-driven developing strategies in 186ntries across the world as
well as in 500 global ICT firms in 2016 by comparitineir linear growtl{model A) and
logistic growth(model B)

Table 2 ICT-driven Development Trajectories in 136Countries and 500 Global ICT
firms (2016)

N
ModelA:InV=a+bInW ModelB:V=———
14+be—aW
Model N a b adj. B Remarks
A 0.72 5.76 0.797
. (2.05) (23.06)
136 Countries
B 73.68x 10° 1.88 18.40x10° | 0.821
(6.31) (7.18) (9.55)
Dummy
A 2.32 1.01 0.632 Al ard
_ (4.43) (12.40) use
500 ICT firms D
B 59.62 1.32 1591 | 0.784 V;rggg‘lgs are
(17.39) (10.98) (21.87) use

136 countries : GDP per capitay: NRI. 500 companies : SalesW: R&D expenditure.
The figures in parentheses indicate t-statistitsra significant at the 1% level.

Table 2 demonstrates that ICT-driven logistic gtowtajectories (model B) were
statistically more significant both in the 136 ctries and 500 ICT firms examined.
Consequently, they are subject to bi-polarizatatality, as reviewed earlier and given
the two-faced nature of price formation, they canawoid the foregoing dilemma
between R&D increase and productivity decline.

Column 1: Mathematical demonstration
Digital valueV created by in an 10T society can be depicted ksife:

V=F(Xly) 1)

wherelg: gross ICT stock # (ICT stocK +J (internet dependence)
X: other production factors.

Translog(transcendental logarithmig€xpansion on the first term:
INV=p+qgInX+rinlg (2)
wherep, g, andr: coefficients.

lgembodies intXin an 10T society as follows:

X=F(ly) INX = py +rynly 3)
wherep, andr,: coefficients.
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Synchronizing equations (2) and (3):
INV'=p +q(px + rdnlg) +rinlg = (p+q-py) + (@1« + 1)inlq
=a+pInlg (4)
wherea =p+qPy, f=0ry+r
This demonstrates thstis governed by, under the above circumstances.

As the Internet permeates into ICT in genefglincreases proportional to gross R&D
represented by gross R&D expendit@#eeNote 1).

| ~
9 pite  ptg  ptg  ptd  ptg  ptg

whereR;: R&D related to the Internet, aft R&D related to other ICT p: rate of obsolescence of ICT,
andg: R&D growth rate at initial stage.

_Ji__ + _JS__ :;_fi_ + a‘ = EL:ii = _ji_ (5)

Note 1 ICT stock at time t

ICT stock can be appropriated proportional to gR&®:

1_
I =R+ 1A —p)T,_; and I, = p +";
Thereforel, = 2™ ywhent »> m — 1,1, ~ —&
ptg p+g

wherem: time-lag between R&D and commercialization.
Substituting equation (5) fag in equation (4):

InV=a+ﬂIinRg=a—ﬂln(p+g)+ﬂInREa'+ﬂInR (6)
wherea =a-pIn(p+g).

Thus, digital value is governed by gross R&D inl@h society.
Given the logistic growth nature of ICY, can be developed by d@udriven logistic growth
function.

R, == = (1) )
whereN: carrying capacity; and: velocity of diffusion.
Equation (7) develops the following simple logigiiowth function ELG):

N
1+bedR

Vs(R) = C))

whereb: coefficient indicating the initial level of dif&ion.

This function leads to bipolarization as follows:

be 4R —1
X
av %4 1 1 aN-x
R av (1 - ﬁ) =aN: 1+1/x (1 - 1+1/x) T (1+x)2 ©)
av av av
dag  dag dR _ dzp 1 1-x
—_— = = —r— = . (10)
dx dR dx dR ax (1+x)3
1 b
—=—e R >
ax a

Digitalization exceeding certain R&D levd® & Inb/a) results in productivity decline.
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a Inb Inb a¥

n n
=0 ©ox=1©R=— > R>— > &8 <90 (12)
dR a a dx

Thus, me indicates inflection point iBLG(seeNote 2).

(2) Self-propagating Functiom

Confronting such circumstances, ICT-advanced eca®endeavor to transform their
business model.

As far as the development trajectory depends onstimple logistic growth(SLG
trajectory, its digital valuevy(R), saturates with the fixed upper limit. However, erlee
trajectory shifts to logistic growth within the dymic carrying capacityLGDCQO
trajectory that incorporates the self-propagatingcfion, enhancing the upper limit
dynamically as growth proceeds, its digital valwgRr), can continue to increase,
supported by this function.

Recalling particular innovation, which creates reasrying capacity during the process
of diffusion, transforming endeavors in responséhforegoing dilemma corresponds
to shifting to aLGDCC trajectory (see the details of the mathematicadaestration in
thecolumn 2).

Table 3 analyzes the development trajectories of 500 g¢léGa firms in 2016 by

comparing th&sLGandLGDCC.
Table 3 The Development Trajectory of 500 Global IT Firms (1996)

= Jﬁ = 1+ be aR +Nk e kR
1—a,/a
N a b ak bk adj. R
Vs(R) 59.62 1.32 15.91 0.784
(17.39) (10.98) (21.87)
VL (R) 102.23 0.77 15.84 0.43 1.32 0.999
(178.83) (26.13) (9.72) (7.06) (2.53)

V4R), V.(R): the digital value 06LGandLGDCC, respectivelyN: carrying capacityR: R&D expenditure; and, b,
a,, b coefficients.
Dummy variables are used fdg(R) estimate.

The figures in parentheses indicate t-statistitsira significant at the 1% level.

Table 3 demonstrates tHaBEDCC s statistically more significant th&81.G This can be
attributed toHRIFs’ endeavor to overcome the tradeoff by shifting fr&bG to
LGDCC. This endeavor corresponds to their efforts inusiregy and activating the latent
self-propagating function incorporated in ICT.

Column 2: Mathematical demonstration
In particular innovation which creates new carryiogpacity N(R) during the process of
diffusion, equation (7) is developed as follows:

avR) _

R =ar(® (1-52) (12)

Equation (12) develops the following logistic gromavithin a dynamic carrying capacity
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function LGDCQ) which incorporates self-propagating function agying capacity increases
corresponding t¥(R) increase as depicted in equation (14) (Watantbk, 2004):

N

VL(R) - 1+be—aR 42k _p—axR (13)
1-ag/a
1 dVvi(R
N.(R) =V,(R) W) AVL(R) = % (14)

Induced by this self-ﬁ’rgbagating function, functibity (FD) spirally increases corresponding to
V(R) increase as depicted in equation (15):

__ Np(R) _ 1
FD=3'®~= 1-1200 (15)

As far as the development trajectory dependsSef trajectory, its digital valuelg(R))
saturates with upper limit depicted by fixéd without self-propagating function, once the
trajectory shifts td.GDCC, it can continue to increase supported by self-pgaging function
and led by dynamically enhancing upper limit (R).

Therefore, the magnitude of self-propagating fuurciMSPH can be estimated by the ratio of
N (R) and Vs(R) as follows (Watanabe et al., 2@)7

NL(R) _ Vi(R) 1
MSPF = 2= = . 16
Vs(R)  Vs(R) <1_§-AVVLL(§>> (16)

Note 2 Inflection point in LGDCC

LGDCC function by equation (13) can be approximated ty following SLG function
(Watanabe et al., gOOQ)

Ny Ny
VL(R) = b = —a'R
1+ be—aR _|_—k e—akR 1+ b'e
1—-a;/a
—a(1-%), b = b 1y pema'R 1
¢ =a(1-2), b =b(1+ 2 o b =2
av av
LOJ O S U SR VA o)
OR (1+x)2’ dx drR a'x k (1+x)3’
vy
TS Inb’
R — () when x=1(R= —)
dR a
VL
Therefore% <0
b 1
Inb| 1+-k-
LU ( ’ 1—%") Inb

whenR > =~ a(l—%k) .

Inflection level inLGDCC is higher than that of iSLG function without self-propagating
function.

Note 3 Assessment of self-propagating function

As reviewed in Section 2.2, ICT incorporates setfgagating potential. This potential can be
measured by equation (14) which is governed bygtbeith rate and the level of development
trajectory {/.(R)). This level inLGDCC is identified by the third term of the denominatdr
equation (13). This term constitut8&G function in which a coefficiend, plays a significant
role in determining the initial level and velocafthis function.
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3.2. The Transformative Direction Initiated by Global ICT Leaders

Based on these analysdsig. 9 illustrates the dynamism ofiRIFs in 2016 in
transforming the productivity decline into supradtionality beyond economic value
that satisfies people’s preferences in the digitmnomy(McDonagh, 2008; Watanabe et al.,
2015; see Appendix 2).

N, (R)
V.(R) - Magnitude of self-propagating function
3™
Eh
o €175
o= Google Samsung
'5 EI=£ Mi ITntel
EE-RE) Microsoft...lntel..:
g2 . . ___| Supra-functionality
=L 5 6 7 8 9 1 beyond
= R&D (bil. EUR) economic value
av
I _|Bi-polarization of =
'marginal productivity Functionality development
induced by

Self-propagating function
"—,‘H:P i| awaken and activated by
Pamsonit Price decrease

Soft Innovation Resources

Marginal productivity
of ICT (ICT prices)

-"-:(.”“:" Il (Marginal produc-
o Erickdon . = o
| ity doclime) Repulsive power Neo open
*Fapsbock \ innovation
., Cisco i Google
. . i T :‘.-*Eple ;e ; Microsoft Tntel Smgemz
| 3 4 5 6 7 g 9 10 11 12 13
e i R&D (bil. EUR)
Inflection point|shift
& 220
a R&D-driven development trajectory Ny (R)
= LGDCC Vi(R)
% /Shift from SLG to LGDCC
F7 b cpflsicniiimsisde i s
SLG V(R
) /
20 - >
L ,_/ﬂkctiou point R&D (bil. EUR)
0 1 2 3 4 5 6 7 8 8 10 11 12 13

Fig. 9. Dynamism in Transforming the Productivity Decline into Supra-functionality
beyond Economic Value irHRIFs (2016)

V«R): Digital value inSLG V. (R): Digital value inLGDCC, N.(R): Dynamic carrying capacity inGDCC

Sources: Developed based on Naveed et al. (20@8)Vatanabe et al. (2008

The bottom of Fig. 9 demonstrates the R&D-drivemeli@ment trajectory of the 500
global ICT firms in 2016. This trajectory shiftesbin SLGto LGDCC by activating the

latent self-propagating function as R&D investmentreased. This could be a
countermeasure against the dilemma, the margiradugtivity of ICT decline once
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exceeding a certain R&D investment level (the itften level), as demonstrated in the
middle of Fig. 9.

This inflection level inLGDCC is much higher than that of iBLG, without the
self-propagating function, which implies that glbbeCT firms can avoid the
productivity decline to some extent by attemptimgitcrease the self-propagating
function, as illustrated in the middle-left of Fig.(see the details of this mechanism in
Notes 2 and 3 of the column in Section 3.2). Howetleere exists a certain limit to
maintaining the productivity increase by only sush effort. Thus, the excessive
dependence on R&D (proportional to ICT that incogbes a two-faced nature of price
formation) necessitates the effective utilizatidrerternal resources (e.g., the vigor of
LRIFs that enjoy a virtuous cycle betweBrandMP and/or the external resources that
do not accelerate a vicious cycle) to compensatetife productivity decline, as
reviewed in Section 2.

Fig. 9 shows that, in repulsion of the marginal quativity of ICT decline, the
self-propagating function increases in extremeghhiR&D-intensive global ICT firms,
such as Samsung, Intel, Google, Microsoft, Huaweli Apple, as demonstrated in the
top right of Fig. 9, with their high level of magmie of the self-propagating function.
Thereby, these firms correspond to people’s pratae shift to supra-functionality
beyond economic valu&{Donagh, 2008; Watanabe et al., 28)L5

3.3Transformation into a Disruptive Business Model
(1) The Disruptive Business Model Initiated by Glohl ICT Leaders

The above analyses demonstrate the new disruptisendss model initiated by the
global ICT leaders for increasing functionality é@pment by exploring and utilizing
external resources that arouse and activate thentlaself-propagating function
indigenous to ICT. The activated self-propagatinmction induces functionality
development, leading to supra-functionality beyecdnomic value that corresponds to
people’s preferences shift. This shift, in turnduoes the further advancement of the
Internet and leverages the co-evolutionary advaeoerof innovation in the digital
economy, as illustrated fig. 10

Advancement of ICT
¢
- Internet
o ‘, 5
Traditional /"m,)

Captured o Un-captured Paradigm
| & GDP "> GDP > change
Y o ! N

~— Supra-functionality beyond economic valie

T Ledby

Functionality development

Induced by

Self-propagating function

Activated by

External resources
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Fig. 10. The Disruptive Business Model Initiated byGlobal ICT Leaders.

As postulated in Section 2, these external ressuccelld be an incorporation of the
vigor of LRIFs that enjoy a virtuous cycle betweéhand MP and/or of external
innovation resources that do not accelerate awscaycle.

Harnessing the vigor of emerging and developingntrees that not only enjoy the
benefit of digital innovation simultaneously witbuntries of advanced economies but
that also demonstrate a leapfrogging accomplishmenhe 10T society should be
considered as a promising solution to the formeioap

However, as reviewed in Section 2, considering tlsing capital intensity in
ICT-advanced economies and the subsequent incgelagiden of such investment (The
Economist, 2018), the latter option has become mmising.

(2) Neo Open Innovation by Harnessing Soft Innovatin Resources

Neo open innovation that harnesses the vigor of swfovation resources that
correspond to the digital economy has, thus, be@mp@mising solution to the critical
dilemma.

Fig. 1lillustratesthe concept of this neo open innovation in the diggadnomy.

Traditional open innovation Neo open innovation
GDP Open innovation Neo open innovation-
LK | LK |
External
resources MP MP MP
’
Operating ;:ﬂ‘(:;.;.:ng R R S I -R
Income ty %
L: labor, K: capital, R: R&D investment, MP: marginal High-level of Low-level of
productivity of ICT, SIR: soft innovation resources assimilation capacity ~ assimilation capacity
MP mMpP

200 1

180 Bil. US$ Healthcare

160 Computer & electronics

140 Software & Internet R SIR

120 Automobile R ? .
100 Computer & electronics

80 Industrials

60 /

ET I P —— Chemicals & energy S Ofl'WaI‘e

2 & Internet

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

R&D expenditure in world top 1000 firms (2009-2019).
Fig. 11. The Concept of Neo Open Innovation.
Source of R&D expenditure: Bloom berg, 2017 Gldbabvation 1000 Study (2017).

Similar to traditional open innovation (Chesbru@®03), soft innovation resources
(which are identical to the digital economy and yplainctions similar to R&D
investment while being external to it) are utilizeg absorbing them from the external
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environment and assimilating them into their owstem: thereby sustainable growth
can be maintained without depending on R&D invesiniecreases’

3.4 Soft Innovation Resources in the Global ICT Leders

Confronting the foregoing dilemma between R&D exgpan and marginal productivity
of ICT decline,HRIFs have been endeavoring to transform into a newnlessi model
that creates supra-functionality by harnessinguiger of soft innovation resources,
which arouse and activate the latent self-propagdtinction, as demonstratedfig. 12.

Transformative direction of ICT-driven Soft innovation
disruptive business model resources
Samsun g User exp?riences through Supra-functionality
smart design and technology beyond economic value
Intel Empowering the technologies Sleeping capable

of the future dream resources

Goog]e Enabling overdrawing of

information through search Trust by overdrawing

past information

Microsoft Hamessing the utmost

gratification of consumer delight Utmost gratification

ever experienced

Huawei Building a better-connected

world Memory and future

dream

App]e Personalized user experiences. &~

through top-quality products Untapped resources

and vision
Amazon Fusing net and real ’

Fig. 12. The Transformative Direction ofHRIFsin Response to Productivity Decline in the
Digital Economy.

Source: Naveed et al. (2018).

It is claimed that the use of soft innovation reses is a novel innovation mode,
initiated by the forefront oHRIFs as a constructive solution to the dilemma between
R&D increase and productivity decline. Authors ireygous studies described this
hypothetical view (Watanabe et al., 2@1l%nd demonstrated that while the digital
economy results in a productivity decline, highl&RRintensive global ICT firms
endeavor to survive through the spontaneous creafioncaptured GDP by harnessing
the vigor of soft innovation resources (Watanabal.e201®).

As demonstrated in Fig. 12, such soft innovatisouveces consist of the Internet-based
(permeating into broad ICT in the digital platfoenonomy) resources that have been
sleeping, or untapped, or are the results of madéitsinteractions in the markets, where
the consumer is looking for supra-functionality begt economic value. Soft innovation
resources, thus, are considered condensates astdlsrgf the Internet. The common

4 Soft innovation resources substitute for additioR&D investment that may decline marginal
productivity and induce production factors, conitibg to production growth (see the detailed
mechanism in Section 5.2).
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feature of soft innovation resources is that cogtta their contribution, leading to
supra-functionality, they are not accountable im tifaditional GDP terms (Watanabe et
al., 2018).

Thus, the absorption and assimilation of soft iratmn resources can be counted as
contributors to growth but not counted as additiangenditures, as suggested in Fig.
11.

4. The Hybrid Role of Soft Innovation Resources
4.1 Dynamism in Performing the Hybrid Function

Soft innovation resources arouse and activate #tent self-propagating function
indigenous to ICT, which induces functionality dement, leading to
supra-functionality beyond economic value. Thisregponds to people’s preferences
shift and induces further advancement of the ImterRurthermore, this advancement
accelerates the increasing dependence on uncapteie which leverages the
harnessing of the vigor of soft innovation resosaraas reviewed earlier. At the same
time, the advancement of the Internet arouses rahaces soft innovation resources, as
they are a crystal of the Internet. Thus, a virioycle exists between the emergence
and utilization of soft innovation resources, sufuactionality beyond economic value,
advancement of the Internet, uncaptured GDP depeedand further leverage to soft
innovation resources emergence, as illustratedgnifF

In addition, it cannot be overlooked that soft imaton resources also contribute to
captured GDP increases by removing the structunglediments to its growth. An

example of this can be observed in Finland’s recestirgence in GDP growth (Tou et
al., 201&, 201d).

While Finland and Singapore have been maintainimgldvdigital leader positions
(WEF, 2017), both countries have demonstrated &rlated contrast. Finland has
enjoyed a high level of happiness/welfare under dtagnation while Singapore has
accomplished higher economic growth in the loweveleof happiness/welfare
(Watanabe et al., 20&820181). This observation reinforces a plausible view e
“well-being of the Finnish people has developedimore positive direction than one
might conclude by GDP data” (Ylhainen, 2017); ferthhore, it prompts the
hypothetical view that Finland has depended on piacad GDP more largely than
Singapore by spinning-off from the traditional omkition of economic value,
traditional ICT development, and GDP growth intchew co-evolution of people’s
preferences shifting towards supra-functionalitydy&l economic value (encompassing
social, cultural, and emotional values), advanceémen the Internet for further
functionality, and increasing dependence on uncaegt@DP, as illustrated in Fig. 1
(Watanabe et al., 20bp

However, the recent reversal trend in GDP growttwben the two digital leaders
(Finland’s resurgence and Singapore’s stagnatiomgla reversal in R&D dependence)
reveals that Finland’s resurgence can be attribtbedoft innovation resources that
function by removing structural impediments in gtbwSoft innovation resources act to
remove structural impediments of GDP growth, sushcanflict between the public,
employers, and labor unions, gender disparity, iaoteasing discrepancy concerning
an aging society (Tou et al., 2G)8
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Thus, the spontaneous creation of uncaptured GRfadh the effective utilization of
soft innovation resources contributes to growthodigh its hybrid function, as
illustrated in Fig. {Watanabe et al., 20bg

4.2 Assessment of Soft Innovation Resources as ayStal of the Internet
Based on the augmented permeation of the Intemt@tbroad ICT and the subsequent
creation of a new social ecosystem, particularlyhwsmartphones, as reviewed in
Section 2, the innovation dynamism in the 0T styctbat has been activated by soft
innovation resources can be described as follows:

(i) Since global ICT firms are at the forefront of thel' society, soft innovation
resources, especially their critical resources resgaproductivity decline in the
digital economy, seem to be a condensate and tofdtze Internet/smartphones.

(i) Soft innovation resources arouse and activate entlatelf-propagating function
indigenous to ICT, which can be attributed to théinet permeating into soft
innovation resources.

(i) The activated self-propagating function inducescfiamality development, which
leads to supra-functionality beyond economic vakm@yesponding to a shift in
people’s preferences. This shift, in turn, indudegher advancement of the
Internet.

Based on these three postulates, the assessmeriheofconceptualization and
operationalization of soft innovation resources t@nundertaken through the three
approaches, as illustratedfig. 13.
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Fig. 13. Three Approaches for the Conceptualizatiorand Operationalization of
Soft Innovation Resources.
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(1) Resources Assessment

First, considering typical soft innovation resowcethe correlation with the
advancement of the Internet/smartphones was exdmine

1) Sleeping Resources

Following the preceding analysis on “Uber’s Ridewsig Revolution” (Watanabe et al.,
2016, 2017), the effect of the advancement of the InternetUdrer’'s increase was
examined. Given the close relationship between bthieernet and smartphone
dependence, as demonstrated in 2.1 (3), a momérig in smartphone dependence was
used. Summarized ihable 4, the results of analysis wegtatistically significant and
demonstrated that the advancement of the Inteviat gmartphone) significantly
contributed to the utilization of sleeping resosrbg reducing prices typically observed
with Uber.

Table 4 The Correlation between Smartphones and Uber in Nework (Jun. 2013 - Sep.
2015)

InU, = 12.07 - 2.1D,InSP—- 2.16D,InSP- 0.16D  adj. R 0.954
(19.07) (-14.40) (-14.72) (-6.25) DW 1.03

Up: Price of Uber (US$/trip)SP. Smartphone share in the US telephone market (%).

D: Dummy variablesP;: Jun. 2013 - Oct. 2014= 1, others =13; Nov. 2014 - Sep. 2015 = 1, others =D;
Jun. 2015 — Sep. 2015 = 1. others = 0.

The figures in parentheses indicate the t-stasistitt are significant at the 1% level excep®b, ~ 10%
(same as following analyses).

2) Trust

Following the preceding analysis of the “Co-evalutibetween trust in teachers and
higher education toward digital-rich learning eoviments” (Watanabe et al., 2@)6
the effects of the advancement of the Internet mmnarease in trust were examined.
Summarized inTable 5, the results of the analysis were statistically siggnt and
demonstrated that the advancement of the Inteorétibuted to an increase in trust in
12 ICT advanced countries.

Table 5 The Correlation between Internet Dependence and Trst in 20 Countries
(2013

InX = 2.59 + 0.3D4InID - 0.18D,InID - 2.14D; - 0.16D,+ 0.1M; adj. R 0.734
(4.94) (1.96) (-1.35y (-2.20) (-5.25)  (2.28)

X: Level of trust in teachers to deliver a good edion; ID: Internet dependencB; Dummy variables

D,: Israel, Czech, Singapore, France, New Zealand, Gsgnit&orea, Switzerland, Japan, UK, Finland,
Netherland = 1, others =0

D,: China, Turkey, Brazil, Italy, Greese, Portugal, USfain = 1, others =0
D,: Korea, Japan = 1. others =@;: USA, Spain = 1, others =0

3) Memory and Dream

Following the preceding analysis on the “Co-evantibetween streaming and live
music” (Naveed et al., 2017), the effect of the aatbement of the Internet on the
reactivation of live music was examined. Similatdioer, monthly trends in smartphone
dependence were used. SummarizedTable 6, the results of the analysis were
statistically significant and demonstrated that #dvancement of the Internet (via

25



smartphones) significantly contributed to reactabf live music.

Table 6 The Correlation between Smartphones and L&’ Music in the US(Jun. 2013 -
Sep. 2015)
InLM = 1.34 + 1.13 I8P— 0.02D, + 0.02D, adj. R 0.996
(21.67) (77.85) (-2.46)  (4.09) DW 1.25

LM: Revenue of live music (mil. US$$P. Smartphone share in the US telephone market (%).
D: Dummy variablesD;: Feb. 2014 = 1, others = Dj: Sep. 2014 - Nov. 2014 = 1, others =0

4) Untapped Resources

Following the preceding analysis on “Harnessing woi® potential as untapped
resources” (Watanabe et al., 20}, the effects of the advancement of the Intermet o
the utilization of untapped resources were examiSathmarized iffable 7, the results

of the analysis were statistically significant aeimonstrated that the advancement of
the Internet contributed to gender balance impraardm

Table 7 The Correlation between Internet Dependence Gender Balance
Improvement and Male-dominated Society in 44 Counies(2013)

InY = 0.99 + 0.304InID + 0.4M@,InID + 0.3@3InID

(1.46)" (1.63) (2.63) (2.16)
—0.3D,InW—-2.9D:InW- 0.9D, + 0.72D, adj R? 0.801
(-2.60) (-5.58) (-7.57) (3.12)

Y: Gender balance indek): Internet dependenc®. Intensity of male dominated society.

D,, D, andDs: Coefficient dummy variables correspondingeC (13 emerging countrieshNC (27 industrialized countries) and
CSC(4 countries with specific culture), respectively.

D: Dummy variableD,: BEL, CHL, HUN, TWN, RUS, PRT, BRA, GRC, EGY =dthers = 0Dy: NOR, SAU = 1, others = 0.

All cases demonstrated that soft innovation resssifave been governed significantly

by the advancement of the Internet and are coresides a condensate and crystal of the
Internet.

(2) Self-propagating Function Assessment

Next, the second postulate, thatttfibuted to the advancement of the Internet, soft
innovation resources activate a latent self-progagafunctiorf, was examined.

Table 8 summarizes the result of the correlation anallgstsveen Internet dependence
and the self-propagating function in UPM (a worictalar economy leader; Watanabe
et al., 2018). The results were statistically significant andnubnstrated that the
advancement of the Internet contributed to a sicgmit increase in the self-propagating
function. Its contribution increased as Interngiatelence increased.

Table 8 The Correlation between Internet Dependencand the Self-propagating
Function

in UPN (1995-2017)

In N_(R)=2.973 + 0.362 BRIn ID + 0.424 D,In ID + 0.536 DyIn ID  adj. R 0.985
(109.79) (11.30) (21.51) (32.91) DW 1.20
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NL(R): Self-propagating functionD: Internet dependenc®; Dummy variables
D;. 1995 — 2002 = 1, others 5 @,: 2003 — 2007 = 1, others =M 2008 — 2017 = 1, others = 0

(3) Internet Inducement Assessment

Third, inspired by the preceding two demonstratidhs third postulate, thatattivated
self-propagating  function induces functionality eepment, leading to
supra-functionality, which, in turn, induces furthedvancement of the Interrigtvas
examined.

Table 9 summarizes the correlation between supra-fundityrend the advancement of
the Internet in Japan, which is sensitive to in§tnal innovation concerning external
shocks and crises.

Table 9 The Correlation between the Preferences Shand the Advancement of the
Internet in Japan (1995-2017)

INnJ=-35.87 + 9.08; INQ + 9.64D,INQ + 9.77D;InQ  adj.R? 0.890
(-2.98) (3.06) (3.26) (3.35) DW 1.56

J: Internet dependenc®: Preference ratio of supra-functionality beyondreamic value;D: Dummy
variables D;: 1995-1996 = 1, others = Dy: 1997-2003 = 1, others = Dg: 2004-2017 = 1, others = 0).

Table 9 shows statistical significance and dematedr that the shift of people’s
preferences to supra-functionality beyond econowalue significantly induced the
advancement of the Internet in Japan. This induoénmcreased as the Internet
dependence increased.

All three analyses demonstrated the significantetation between the advancement of
the Internet and soft innovation resources or theibsequent, such as the
self-propagating function, and, also, people’s gmafices shift to supra-functionality
beyond economic value.

These results support the supposition that sotivation resources could be considered
as a condensate and crystal of the advancememe drfiternet.

Given the co-evolution between these factors inetimerging innovation in the digital
economy, as illustrated in Figs. 9 and 11, it istplated that effective utilization of soft
innovation resources would be critical for susthlaagrowth amidst mega competition
in the digital economy.
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5. The Mechanism of the Hybrid Role of Soft Innovabn Resources
5.1 The Reversal Trend in ICT Leaders
(1) The Reversal Trend in GDP Growth Rate

Fig. 14compares the trend in the real GDP growth ratésofworld digital leaders,
Finland and Singapore, over a period from 1980-2018
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Fig. 14. Trends in the Real GDP Growth Rates of Fiand and Singapore
(1980-2018)
Source: World Economic Outlook (IMF, October 20);8

While Singapore exceeded the GDP growth rate daRthfor many years, Finland has
been catching up with Singapore’s growth rate aft@l6 by transforming its
long-lasting negative growth into positive growtbrh 2015 onwards, as demonstrated
in Fig. 15
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Fig. 15. The Recent Reversal in GDP Growth of Digall Leaders(2012-2018).

Source: Same as Fig. 14.
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(2) Factors Contributing to the Reversal

Aiming at elucidating the structural source of sachotable closing trend for these two
digital leaders in recent yearfable 10 analyzes the contributors to the GDP growth
rates in two leaders over the period from 2012-2017

Table 10 The Trend in GDP Growth Rates and their Cmposition in Finland
and Singapore(2012-2017) — real GDP growth raté ©.9)

Finland 2012 2013 2014 2015 2016 2017
Private consumption 0.14 -2.24 0.06 1.48 0.93 0.99
Government consumption 0.09 2.44 -0.02 0.08 0.38 -0.17
Gross fixed capital -0.34 -9.98 -0.08 0.22 1.49 1.19
Net exports of goods and 048 895 062  -191 018 067
services ' ) ) ' ' )
Others (inventories & net 085 007 0.02 027 014 013
acquisitions of variables)

Total -1.43 -0.76 -0.63 0.14 2.48 2.80
Singapore 2012 2013 2014 2015 2016 2017
Private consumption 1.44 1.28 1.53 1.57 0.39 1.38
Government consumption -0.14 1.02 0.03 0.67 0.23 0.54
Gross fixed capital 2.20 1.69 1.87 0.54 -0.10 -0.58
Net exports of goods and 119 127 165 175 115 -0.77
services ' ' ' ) ' )
Others (inventories & net 177 -015  -120 229  0.73 3.05
acquisitions of variables)

Total 4.08 5.11 3.88 2.24 2.40 3.62

Sources: National Accounts of Finland (Statisti€mland, 2018); National Accounts of Singapore
(Department of Statistics Singapore, 2018).

Looking at Table 10, we note that, contrary to &paye, Finland’s recent GDP growth
recovery can largely be attributed to its grossdixapital formation, to which negative
contribution in Singapore.

With such a notable contrasting observatiéig, 16 compares the trend in the shares of
gross service capital (centered on R&D) out ofdhass fixed capital formation in both
countries over a period from 2012-2017, as R&D ssuaned to be a driver to such
recovery. Fig. 16 reveals that while Singapore destrates stable or increasing share,
as anticipated, Finland has been shifting to leggeddence on gross service capital in
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its gross fixed capital formation, contrary to Sipgre’s performance.
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Fig. 16. The Trend in the Share of Gross Service @dal («) in Finland and
Singapore(2012-2017)

In light of the primal contribution of gross fixezhpital formation GC) to the recent
notable resurgence of Finland’'s GDP growth and als® contrasting trend in
dependence on gross service cap&®Q in GC between the two leaders, contributors
to GC were analyzed by dividinGC into GSCand gross tangible capitab{C). Here,
GSCis represented by intellectual property produt®P) in the national accounts,
encompassing R&D, software and databases, mingpdbration and evaluation, and
entertainment, literary or artistic original&TC includes tangible assets, such as
machinery, vehicles, plant, dwellings, buildingsgddand improvements.

Table 11 summarizes the comparison &C growth contributors in Finland and
Singapore over a period from 2012-2017 (see thaildaif the decomposition analysis
in Table A2 in Appendix 1).

Table 11 The Contributions to the Growth Rate of Goss Fixed Capital(GC) in
Finland and Singapore(2012-2017) - %.

201z 201z 201¢ 201¢ 201¢ 2013

GDP -1.43  -0.76  -0.63 0.14 2.48 2.80
-c% GC contribution to GDP -0.34 -9.98 -0.08 0.22 1.49 1.19
£ GSCcontributiontoGbP ~ -0.83  -1.89 0.44 -1.24  -153  -0.94

GTCcontributiontoGDP ~ 0.49  -8.09  -0.52 1.46 3.02 2.13
., GDP 4.08 5.11 3.88 2.24 2.40 3.62
2 GC contrbution to GDP 2.20 1.69 1.87 0.54 -0.10  -0.58
2 GSCcontributontoGbP ~ 0.43 4.67 4.71 038  -1.30 1.29
P GTCeombuionwoor 177 2.8 -2.84 0.92 1.20 -1.87

Sources: Same as Table 10.

Table 11 clearly demonstrates that Finlar@G growth, which is a primal contributor
to its GDP recovery, can be attributed3®C growth whileGSCdemonstrates negative
growth. This contribution of5TCs growth is conspicuous in comparison to similar
contributions in Singapore, as demonstrateign 17.
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Fig. 17. The Trends in the Gross Tangible CapitalGTC) Contributions to the GDP
Growth Rates in Finland and Singaporg2012-2017)

(3) Contrast in R&D Dependence
Inspired by the above observation that Finlandsené notable resurgence in GDP
growth has depended @hTCs increase while&GSCdemonstrates a negative increase
against anticipation, the trend in the R&D depemeenf the two leaders was reviewed.

Fig. 18 compares the trends in R&D expenditures betweslad and Singapore over
a period from 1995-2016 by decomposing the busiaetsprise R&D and government

R&D.
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Fig. 18. Trends in R&D Expenditures by Government ad Business in Finland
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and Singapore(1995-2016) —index: 1995 = 100.
Sources: Same as Table 10.

Both leaders experienced a sharp decrease inRB&rinvestment both in government
and business enterprises after the Lehman shocRO08. However, contrary to
Singapore’s prompt recovery from 2010 under strgogernment initiative, Finland
suffered longer stagnation both in government arginess enterprises.

In Finland, while business-funding R&D started txlkihe due to the Lehman shock in
2008, government funding of R&D continued to grévowever, it switched from an
expansionary to a contractionary policy after 2040ich exacerbated a massive decline
in business-funded R&D (Hutchenreiter et al., 2017)

Consequently, R&D intensity has shown a decreasingd in Finland from 2010, as
demonstrated ifrig. 19, which compares the trend in R&D intensity betwé&amland
and Singapore over a period from 1995-2016. Tleisdralso demonstrates the contrast
between the two digital leaders after the Lehmaotisiin 2008. Such a contrast seems
to be a consequence of the development trajectanagement of the trade-off of R&D
investment and productivity decline, as reviewe&éation 2.

250
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Fig. 19. The Trend in R&D Intensity in Finland and Singapore(1995-2016) — index: 1995
= 100.

Sources: Same as Table 10.

Given the increasing burden of ICT R&D investmenhd Economist, 2018), which
shares the majority d6SCwhile its productivity has been declining as asauence
of the two-faced nature of ICT, Finland, based en-npen innovation, appears to have
transformed its trajectory into the utilization tfe hybrid role of soft innovation
resources, as reviewed in Section 4. Its growtle®€ while depending less 08SC
prompts a hypothetical view that given its effeetiutilization of soft innovation
resources, as reviewed in Section 4.1, these res®wre substituted faaSC and
remove structural impediments @T C growth, leading to its significant contribution to
GC growth, which is a primal contributor to the GBRurgence in Finland.

The next Section attempts to demonstrate this imgpioal view.
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5.2 The Dynamism Enabling Finland’s Resurgence
(1) Dynamism
Analysis in the preceding Section prompted a hygathl view that soft innovation

resources could substitute fGISCthat spilled-over tasTC and removed its structural
impediments in growthrig. 20illustrates this hypothetical dynamism.

Captured GDP PC: Private consumption
GvC: Government consumption
PC, GvC, NEx GC NEXx: Net exports
GTC GSC GC: Gross fixed capital
GTC: Gross tangible capital
i GSC: G i ital
Remove structural Substitute ross service capita
Impedmints Soft innovatior!
in growt resource:
_

Captured GDP increase

Fig. 20. Dynamism of Finland’s Resurgence

(2) Demonstration

By means of an empirical analysis of Finland’s depment trajectory, utilizing its
national accounting statistics over a period frd@83:2018, this hypothetical dynamism
was demonstrated.

1) Institutional Change in Finland
Critical institutional change in Finland in the jpel can be identified iffable 12
Table 12 Institutional Change in Finland over the &st Quarter Century (1995-2018)

. . 1995 - 2010 2016 .
D: Dummy variables 2009 2015  -2018 Features of the period

D, 1995-2009=1, others=0 1 0 0 Sustainable increase in R&D intensity that supported
' economic growth.

D, 2010-2015=1, others=0 0 1 0 Government funding of R&D switched from expansignar
to contractionary that exacerbated R&D intensitglide.

D; 2016-2018=1,0thers=0 O 0 1 Economic resurgence after the Competitiveness Pact
' (June 2016, see Section 5.8jespite R&D intensity
decline.

2) Soft Innovation Resources Substituting for R&D

With the understanding that soft innovation resesrcan be considered as a crystal of
the Internet, as demonstrated in Section flable 13 demonstrates the soft innovation
resources substituted f&SC centered on R&D, after 2070.

5 | (Internet)substitution ford (R&D)

Internet expenditure _ Ip;

pj _
R&D expenditure J-pj

bi

—In? — Pj
X ln)(—ln;—ln a+ (Eji 1)lnpi

where gj; IS elasticity ofi substitution fof andwhen ¢; > 1, p; increase reacts to Internet
expenditure increasé gubstitutes fod).
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Table 13 The Correlation between the I/R Ratio andRelative Price in Finland(1995-2018)

In L =—2.01+0.6B,In Pj +2.170,+D;3)In Pj +3.3D,-0.1D" adj. R0.966 DW1.25

I
R P P
(- 2.30) (18.12) (5.44) 3. (- 2.39)

I: Internet (soft innovation resourcéR)R&D; P, B: prices off andR (IPP price), respectivély
D: dummy variabled;-Ds: see Table 12)": 1999, 2000 = 1, others = 0.

The figures in parentheses indicate the t-stasistitt are significant at the 1% level.

3) Soft Innovation Resources Spillover to Gross Tagible Capital

Table 14 demonstrates that soft innovation resources (bgube Internet as a proxy)
impacted theGTC share increase out &C after 2010, with particularly significance
after 2016, which corresponds to the soft innovatesources substitution f&SC

Table 14 The Impact of Soft Innovation Resources othe Gross Tangible Capital
Increase in Finland(1995-2018)

InK =—10.87 — 0.0¢— 0.110 In R+ 0.59 InC
(=2.78) (~3.63) (-4.43) (3.86)

+1.15D,In | + 2.77D3In | +12.68D; + 7.34D,— 0.0D" adj. R 0.922 DW1.58
(4.90) (3.31) (3.34) (1.94)#2.65)

whereK: share ofGTC out of gross fixed capital.

Backward elimination method with 10 % criteria &ed.D: dummy variablesD;-Ds: see Table 12D":
2003 =1, Others = 0.

The figures in parentheses indicate the t-stasissignificant at the 1% level excepi®%.

All of these analyses demonstrated that soft inlonaesources were substituted for

GSCspilled-over taGTC and removed the structural impediments impedsgrowth;

thereby,GTC contributed taGC growth, leading to Finland’s GDP growth resurgence
5.3 The Contribution of Soft Innovation Resourcesd the Resurgence

Analyses in the preceding Sections suggested thlewing dynamism of soft
innovation resourcesS(R9g in removing the structural impediments GIrC growth,
which contributed to the resurgence of the Finlg§yP growth.

(i) The Advancement of the Internet aroused and indGtRd(Fig. 1).
(i)  The Competitiveness Pact spurred the effectivezatibn of SIRs(see below).

(i) SIRssubstituted folGSC(centered on R&D) were supported by uncaptured GDP
(Table 13).

(iv) Through the substitution proce&Rsspilled-over and were incorporated into
GTCvia MFP (Table 14).

(v) MFP inducedSTCby removing structural impediments to its growtlalflle 14).
(vi) IncreasedsTC contributed to GDP growth (Table 11).
(vii) GDP growth, in turn, increased MFP, leading tortuaus cycle.

6 Following Watanabe et al., (2045 Internet price was estimated by using the foilgvlearning
equation: 55.3%° while R&D price was based on IPP prices (Natigkalounts of Finland, 2018).
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(viii) In addition, GDP resurgence instilled confidencéhm Competitiveness Pact.

The effective utilization 06IRs as well as dynamism with its substitution @8Cand
incorporation of spilled-oveSIRsin GTC, depends largely on the co-evolutionary
acclimatization capacity of the nation (Chew et 2010).

Activation of this dynamism can be attributed tal&nd’s institutional elasticity and
spurring by the Competitiveness Pact.

In light of long lasting stagnation and the undamsling of the significant role of trust,
after years of negotiations and strikes, Finlamgisernment convinced the country’s
unions in June 2016 to accept a reform pact, thapetitiveness Pact. The objective of
this Pact was to improve the Finnish companieepitompetitiveness, to increase
exports and employment, and to accelerate econgroiwth. With this objective, the
Pact intended to lead to the increase of annuatinghours, to lower holiday bonuses,
to freeze wages for a year, and to increase permatributions for workers while
lowering them for employers. The government proahigeincentivize the deal with tax
cuts. Prime Minister Juha Sipila pledged that Fidlavould be able to reduce unit labor
costs to the same level as Sweden’s in 2017, atitht@f Germany’s in three years. He
also argued that greater business competitivenesgdwhelp generate new jobs (14
June 2016). This pledge was supported by the Governthe Bank of Finland, Erkki
Liilkanen, in his statement on 31 March 2017 tha thompetitiveness Pact was
forecasted to improve cost competitiveness coraidgr The Finnish economy posted
2.7% of GDP growth in 2017, higher than Eurozonee&n (2.4%) and Germany
(2.5%). At the end of 2017, Oli Rehn, a board mendbehe Bank of Finland, reported
proudly that the mood in the country had changea year from entrenched pessimism
to half-euphoria which reflected in people’s mood.

This historic and ambitious decision in June 20&6shift away from centralized

wage-setting towards company-level labor deals lagely be appreciated as a
consequence of the effective utilization $iRs particularly of trust (Watanabe et al.,
201&). People’s non-pessimistic mood in response taahaconomic evidence has
increased confidence in the Pact, as illustratdegn21,and aroused the nation’s latent
ability for sophisticated co-evolutionary acclinzatiion.

The full-fledged effects of the CompetitivenesstPamuld be expected; hence, further
careful assessment should be indispensable. Sotewarthy signals to activat8IRs

for removing structural impediments @TC increase can be observed, and the effects
of SIRsspillover have become a reality, as demonstraiédg. 21.
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Fig. 21. The Effects of Soft Innovation Resourcesp8lover in Finland.

As a consequence of such efforts, the demand-sugipbrepancy has dramatically
decreased (OECD, 2017; Statistics Finland, Bpl&8nd enabled aTCpositive
contribution to GDP growth. For example, machinand equipment have changed
from long-lasting negative contributions into pagtcontributions to GDP growth from
2016, seen in: -0.06% (2013); -0.04% (2014); -0.0@®15) and 0.05% in 2016
(Watanabe et al., 20&8 Statistics Finland, 203 Efforts for gender balance
improvement through utilizing ICT advancement haemtributed to improving the
imbalance of employers’ demand as well (Watanabalet201D). Recent policy
decisions, including the relaxation of car inspattiaws (May 2018) and the taxi
market liberalization (July 2018), have accelerdtedeffective utilization 0§IRs such
as the driving force of the preferences shift tpratfunctionality (Watanabe et al.,
201&) and sleeping resources (Watanabe BPpl&hese decisions are expected to
remove demand-supply discrepancies concerning ghng aociety and diversification
of people’s preferences and to enable on demanglyswgnd trans generational
satisfaction (Naveed et al., 2017).

All of these dynamisms demonstrate Finland’s pionefort in transforming its
development trajectory by means of the effectiviézation of soft innovation resources
based on neo open innovation in the digital economy
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6. Conclusion

In light of a critical dilemma between R&D expansiand productivity decline, which
global ICT leaders have been confronting due tawefaced nature of ICT, dynamism
resulting in such a dilemma and countermeasuraasigawere analyzed.

On the basis of an empirical analysis, focusingasafront endeavors to this dilemma
of global ICT leaders, their transformative direatiinto a disruptive business model
was investigated.

Noteworthy findings included:

()  Transformation into a disruptive business modet treates supra-functionality
beyond an economic value that satisfies people&fepgnces shift is a key
direction.

(i) For that, arousing and activating the self-propagafunction indigenous to ICT
and inducing a new functionality play a decisiviero

(i) Soft innovation resources play a significant ralearousing and activating the
latent self-propagating function.

(iv) Thus, neo open innovation that harnesses soft atimv resources can be a
solution to this critical question.

(v) It depends largely on the assimilation capacityjcwhdentifies, explores, and
utilizes soft innovation resources and, then, dissand assimilates them into the
whole value chain of production, diffusion, and semption.

(vi) Triggered by the Competitiveness Pact in June 2Bithand, based on neo-open
innovation, has transformed into the effective ization of soft innovation
resources.

(vii) This success can be attributed to the substitutfaoft innovation resources for
gross service capital, center on R&D, which spilbe@r to gross tangible capital
and removed the structural impediments to its gnowt

These findings give rise to the following insightiuggestions for sustainable growth
in the digital economy that incorporates a two-thoature:

() Neo open innovation should be sought on a pridvayis.
(i)  The development of assimilation capacity shoul@émgeavored.

(i) Further exploration and utilization of soft innowat resources should be
encouraged.

(iv) New concepts of R&D investment in the aforementibtransformation should be
conceptualized.

(v) Similar dynamism, such as gross capital to expoved growth, should be
sought.

This analysis provides new insights for exploringractical solution to the dilemma
between R&D expansion and productivity declinehia digital economy.

Future works should focus on further elucidatiorthe sources of success of neo open
innovation. The transformative direction of groesvece capital, in view of the effective
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utilization of soft innovation resources, shouldéelored. In this context, Amazon’s
conspicuous jump up to a world R&D leader shouldupther analyzed.
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Appendix 1 Basic Statistics for the Analyses

Table Al Trend in GDP Growth Rate in ICT Advanced 2 Countries(2012-2018)

2012 2013 2014 2015 2016 2017 2018 Rz!\(rill-ing
(2014)
Finland 143 076  -063  0.14 2.48 2.80 2.65 1
Singapore 4.08 5.11 3.88 2.24 2.4 3.62 2.93 2
Sweden 030 124 2.6 4.46 2.68 2.11 2.42 3
Netherlands  -1.03  -0.13  1.42 1.96 2.19 2.87 2.81 4
Norway 2.72 1.04 1.98 1.97 1.09 1.92 2.11 5
Switzerland ~ 1.01 1.88 2.49 1.27 1.59 1.67 3.01 6
USA 2.25 1.84 2.45 2.88 1.57 2.22 2.88 7
UK 1.45 2.05 2.95 2.35 1.79 1.66 1.36 9
Germany 0.69 0.61 2.18 1.48 2.16 2.46 1.91 12
Denmark 023  0.94 1.62 1.61 1.97 2.28 1.96 13
Israel 220  4.20 3.48 263  3.96 3.29 3.60 15
Japan 1.50 2.00 0.38 135  0.96 1.74 1.14 16

Sources: World Economic Outlook Database (IMF, ®et®201®); The Global Information Technology
Report 2014 (World Economic Forum, 2014).

39



Table A2 Contribution of Growth Rate of Gross FixedCapital (GC) Formation
in Finland and Singapore(2012-2017) - %.

2012 2013 2014 2015 2016 2017
x 2140 2168 2214 2085  19.04  17.89
p 7860 7832 7786 7915 8096  82.11
_ AGCIGC 034 998 -0.08 0.22 1.49 1.19
‘_E Ak 0.76 0.27 0.46 1.29 1.81 1.16
) 0.76 0.27 0.46 1.29 1.81 1.16
Ak + KAGC/GC 083  -1.89 0.44 1.24 -1.53 -0.94
Al +1AGC/GC 0.49 -8.09 0.52 1.46 3.02 213
2012 2013 2014 2015 2016 2017
* 1460 1895 2323 2273 2145  22.87
p 8540  81.05 7677 7727 7855  77.13
9 AGC/GC 2.20 1.69 1.87 0.54 0.10 0.58
g  ax 0.11 4.35 4.28 -0.50 1.28 1.42
C
2V 011  -4.35 4.28 0.50 1.28 1.42
Ak + KAGC/GC 0.43 4.67 471 0.38 11.30 1.29
Al +1AGC/GC 1.77 2.98 2.84 0.92 1.20 -1.87

Sources: National Accounts of Finland (Statistidaldnd, 2018); National Accounts
(Department of Statistics Singapore, 2018).

Note

GC can be decomposed as follow:

GC = kGC+ AGC

where k and A: share olGSCandGTC, respectively.x + 1 =1

Differentiate by time:

aac

L~ AGC=(Ak-GC+ Kk-AGC)+(AA-GC+ A-AGC)

dat

Thus, growth rate can be depicted as follows:

AGC

—=(ak+ k-

GC

AGC

GSCcontribution

AGC

E)+(AA+ AE)

GTCcontribution
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Table A3 Trend in R&D intensity in Finland and Singapore (1995-2016)

R&D intensity (%) R&D intensity (1995=100)
Finland Singapore Finland Singapore
1995 2.20 1.10 100.0 100.0
1996 2.44 1.32 110.6 120.2
1997 2.62 1.42 119.0 129.0
1998 2.79 1.74 126.4 158.4
1999 3.06 1.82 138.7 165.6
2000 3.25 1.82 147.3 166.0
2001 3.20 2.02 145.1 184.2
2002 3.26 2.07 147.8 188.5
2003 3.30 2.03 149.8 184.7
2004 3.31 2.10 150.4 191.8
2005 3.33 2.16 151.1 197.0
2006 3.34 2.13 151.4 194.5
2007 3.35 2.34 151.8 213.0
2008 3.55 2.62 160.9 238.9
2009 3.75 2.16 170.1 196.8
2010 3.73 2.01 169.1 183.5
2011 3.64 2.15 165.1 195.6
2012 3.42 1.99 155.1 181.8
2013 3.29 1.99 149.1 181.0
2014 3.17 2.16 143.8 196.9
2015 2.90 2.28 131.4 208.3
2016 2.74 2.22 124.4 202.8

Sources: Same as Table A2.
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Table A4 Trends in Techno-economic Structure in Filand (1994-2018)

Period | Time Real GDP gRr’g\illtr? gtje R&D intensity eif)zl nﬁifr o d ;gﬁ;:g:; ce congijnn?;)tion GTC/GC
expenditure
Vear ; V (bil. E at 2010 GGR RV R(bil. E at | C (bil. E at 2010 %
prices) % % 2010 prices) % prices) %
1994 1 118.4 3.9 221 2.6 4.9 94.7 80.2
1995 2 123.4 4.2 2.20 2.7 13.9 98.9 80.6
1996 3 127.9 3.7 2.45 3.1 16.8 102.1 80.9
1997 4 135.9 6.3 2.62 3.6 19.5 105.6 80.5
1998 5 143.3 5.4 2.79 4.0 255 109.7 80.6
1999 6 149.7 4.4 3.06 4.6 32.3 112.9 78.3
2000 7 158.1 5.6 3.25 5.1 37.3 114.9 77.9
2001 8 162.2 2.6 3.20 5.2 43.1 118.0 77.3
2002 9 164.9 1.7 3.26 5.4 62.4 121.0 77.0
2003 10 168.2 2.0 3.30 5.6 69.2 125.1 76.2
2004 11 174.8 3.9 3.31 5.8 724 128.8 771
2005 12 179.7 2.8 3.33 6.0 745 132.5 771
2006 13 186.9 4.1 3.34 6.2 79.7 136.7 771
2007 14 196.6 5.2 3.35 6.6 80.8 140.6 78.0
2008 15 198.0 0.7 3.55 7.0 82,5 143.4 77.6
2009 16 181.7 -8.3 3.75 6.8 83.7 141.3 75.9
2010 17 187.1 3.0 3.73 7.0 86.9 144.3 75.9
2011 18 191.9 2.6 3.64 7.0 88.8 147.1 77.8
2012 19 189.2 -1.4 3.42 6.5 90.0 147.7 78.6
2013 20 187.7 -0.8 3.29 6.2 91.6 147.7 78.3
2014 21 186.6 -0.6 3.17 5.9 92.0 148.3 77.9
2015 22 186.8 0.1 2.90 5.4 92.8 150.1 79.1
2016 23 191.4 25 2.74 5.2 93.5 152.8 81.0
2017 24 196.8 2.8 2.75 5.4 94.1 155.1 82.1
2018 25 202.0 2.7 2.75 55 94.7 158.6 83.5

Sources: Real GDP and Real GDP growth rate: WoddnBmic Outlook Database (IMF, October.
2018&); R&D intensity: Ratio of R&D expenditure and G current prices by National Accounts of
Finland (Statistics of Finland, 2018) (* is estiedtbased on trends in 2014-2016); Real R&D
expenditure: Real GDP * R&D intensity; Internet dagdence: World Telecommunication/ICT Indicators
Database (ITU, 2018) (*are estimated based on $rénd2014-2016); Final consumption: National
Accounts of Finland (Statistics of Finland, 20183 estimated based on trends in 2014-2016); GTC/GC
National Accounts of Finland (Statistics of Finla2@18) (* is estimated based on trends in 20146201
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Appendix 2 Trends in the People’s Preferences

Table A5 Trends in the People’s Preferences Sift idapan (1972-2018)

: i
Year Economic-functionality! ~ SUPra functionality Others® Total
beyondeconomic valu
197z 372 20 221 100
197: 35.2 40.: 24.4 10C
197 36.4 41¢ 222 10C
197¢ 37.¢ 411 21.1 10C
197¢ 39.¢ 41. 18.¢ 10C
197 40.1 41 18.¢ 10C
197¢ 39. 40.2 20.1 10C
197¢ 40. 40.¢ 18.¢ 10C
198¢ 39.€ 427 18.C 10C
1981 38. 44.: 16.¢ 10C
198: 37.€ 44.€ 17.€ 10C
198: 36.€ 46.4 16.¢ 10C
198 36.€ 46. 16.7 10C
198¢ 32.¢ 49.€ 17 10C
198¢ 32.7 49.1 182 10C
1987 34.( 49.€ 16.4 10C
198¢ 32.( 50. 173 10C
198¢ 327 49. 18.( 10C
199¢ 30.€ 53. 16.2 10C
1991 30.8 52, 17 10C
199z 27.% 57. 15¢ 10C
199: 29. 57.4 13.€ 10C
199¢ 30.C 57.2 12.€ 10C
1998 28.1 56.¢ 151 10C
199¢ 27.¢ 58.¢ 132 10C
1997 30.1 56.2 136 10C
199¢ 29. 57.C 133 10C
200z 274 60.7 11.¢ 10C
200 28.7 60.C 112 10C
200+ 29.1 59.C 11.€ 10C
200¢ 28. 57.¢ 13.£ 10C
200¢ 30.4 62.¢ 6.7 10C
2007 28.€ 62.€ 8. 10C
200¢ 30.2 62.€ 72 10C
200¢ 30.2 60. 9. 10C
201 31.1 60.C 8.c 10C
2011 31.( 61.2 7€ 10C
201 30.1 64.C 5.¢ 10C
201 30. 61.€ 7.8 10C
201 31.( 63.1 5.¢ 10C
201 31.¢ 62. 6.1 10C
201¢ 31.: 60.2 8.E 10C
2017 292 62.6 8.2 10C

! Wealth of things: Material affluence (emphasis $titill be put on material affluence for futurée)i
Richness of Heart: Spiritual happiness (becausasonable level of material affluence has been
achieved,

future emphasis should be put on spiritual hapgsirsad comfortable life).
3 Cannot identify explicitly.

Source: National Survey of Lifestyle Preferencep@h Cabinet Office, 2018).
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Highlights
Harnessing Soft I nnovation Resour ces L eadsto Neo Open I nnovation
1. Neo openinnovation in the digital economy was conceptualized
2. Soft innovation resources lead to neo open innovation was demonstrated
3. A solution to a dilemma between input increases and output decreases was provided
4. Suggestions for drafting a roadmap towards neo open innovation were provided

5. Surviva strategies of global ICT |eaders were analyzed
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Di
as

Tr

gital value V created by in an 10T society can be depicted
follows:

V=F(X 1y (&N

X: other production factors.

nvV=p+qlnX+rinlg )
where p, g, and r: coefficients.

lgembodiesinto Xin an |oT society as follows:

X=F(lg) INX'=py +rydnlg 3
where p, and r: coefficients.

Synchronizing equations (2) and (3):

nV =p+q(px + rdnlg) + rinlg = (p+qpy) + (Q-rx +r)inlg
=a+fInly 4
wherea =p+qPy, f=Qrytr.

This demonstrates that V is governed by |4 under the above
cifcumstances.

As the Internet permeates into ICT in general, 14 increases

pr
ex

Su

pportional to gross R& D represented by gross R&D

penditure (see Note 1).
|g:|+Jz R + Rj ~ R + Rj :Ri-i_R
Pt pt9 p*T9 ptg  ptg
R
= (5)
p+g

where R;: R&D related to the Internet, and R: R&D related to
other ICT; p: rate of obsolescence of ICT, and g: R&D growth
rate at initial stage.

Note 1 ICT stock at timet

CT stock can be appropriated proportional to gross R&D:
If = Rt—m + (1 - p)Tt—l and IO =

1-m
ptyg
Therefore I, = X24=m when t > m — 1,1, ~ ——
. - prg
where m: time-lag between R& D and commercialization.

bstituting equation (5) for Ig in equation (4):

R
InV=a+pgIn—=a — fIn(p+g)+pInR
p+dg

= o +BINR ©6)
where o =a-fIn(p +9).

Thus, digital value is governed by grossR&D in an loT

SO

Gi
de

ciety.
ven the logistic growth nature of ICT, V can be
vel oped by an R-driven logistic growth function.

dv  aV drR 9V 1%
V ~ F(R), — — = aV(l—N) (7)

dR_ OR dR _ OR

where |4: gross ICT stock = | (ICT stock) +J (internet dependence);

angl og (transcendental logarithmic) expansion on the first term;




where N: carrying capacity; and a: velocity of diffusion.
Equation (7) devel ops the following simple logistic growth
function (SLG:

N
\/S(R) = m (8)

where b: coefficient indicating the initial level of diffusion.

This function leads to bipolarization as follows:

be 4R =1
X
av V<1 V)—N 1 (1 1 )
arR ¢ N T TR A T 1T+ 1/x
_aN-x 9
T (1+x)? (
av av av
“or _or 4R _4oR 1 _ . 1-x
dx dR dx dR ax (1+x)3
1 b
—=—e"%R >0 (10)
ax a
Djgitalization exceeding certain R&D level (R > Inb/a)
results in productivity decline.
av
doR Inb Inb
I _ ) o x=1© R=— > R> —
dR a a
= % <0 (11)
dx

Thus, me indicates inflection point in SLG(see Note 2).

In particular innovation which creates new carrying capacity,
N(R) during the process of diffusion, equation (7) is
developed asfollows:

dV (R V(R
2O = av () ( - ﬁ) (12
Eguation (12) develops the following logistic growth within
adynamic carrying capacity function (LGDCC) which
incorporates self-propagating function as carrying
capacity increases corresponding to V(R) increase as
depicted in equation (14) (Watanabe et a ., 2004):

— Nk
VL(R) - 1+be—aR+—bk e~ kR (13)
1-ap/a
1 dvi(R)
NL(R) =V (R) (W) AVL(R) === (14)
a Vi(R)




(F
d

Induced by this self-propagating function, functionality

imit depicted by fixed N without self-propagating function,

(o
as follows (Watanabe et al., 2017b):

D) spirally increases corresponding to V(R) increase as
epicted in equation (15):

Np(R) _ 1

Vi(R) 1—§-A‘}’L L(g?

sfar asthe development trajectory depends on SLG
gjectory, itsdigital value (Vs(R)) saturates with upper

FD = (15)

nce the trgjectory shiftsto LGDCC, it can continue to
crease supported by self-propagating function and led by
ynamically enhancing upper limit N, (R).

herefore, the magnitude of self-propagating function
MISPH can be estimated by theratio of N;(R) and Vg(R)

NL(R) _ VL(R) 1
MSPF = = = . 16
-2 () o
Note 2 Inflection point in LGDCC

LGDCCfunction by equation (13) can be approximated
by the following SLGfunction (Watanabe et al., 2009)
N, Ny

V(R) = ~ :
L 1+ be—aR _|_b—ke—akR 1+ b’e_a A
1—-a;/a

1 ,e—a'R _
) b =
a

a’=a(1—%), b’ =b(1+ %.1__

Rl

avy avy

Wy _ N % dﬁzdﬁ,Lza,Nk_ (1-x)
OR (1+x)3’ dx dR a'x (1+x)3
vy
TS Inb’
—aR — — -
Tx =0 when x =1(R )
A
Therefore ﬁ< 0
dR
b 1
Inb| 1+-%
Inb’ ( b l—a—k> Inb
whenR> —- 5
IO

Inflection level in LGDCCis higher than that of in SLG
function without self-propagating function.

Note 3 Assessment of self-propagating function

As reviewed in Section 22, ICT incorporates
self-propagating potential. This potential can be
measured by equation (14) which is governed by the
growth rate and the level of development trajectory
(VL(R)). This level in LGDCC is identified by the third
term of the denominator of equation (13). This term
constitutes SLGfunction in which a coefficient a, plays
a significant role in determining the initial level and




