International Journal of Managing Information Technology (IJMIT) Vol.11, No.2, May 2019

A SOLUTION TO THE DILEMMA BETWEEN R&D

EXPANSION AND THE PRODUCTIVITY DECLINE:

LESSONS FROM THE R&D MODELS IN AMAZON
AND FINLAND

Yuji Tou!, Chihiro Watanabe? 3, Kuniko Moriya*?, Pekka Neittaanmaki?

!Dept. of Ind. Engineering & Magm., Tokyo Institute of Technology, Tokyo, Japan
2Faculty of Information Technology, University of Jyvaskyld, Finland
3International Institute for Applied Systems Analysis (IIASA), Austria

“*Research and Statistics Department, Bank of Japan, Tokyo, Japan

ABSTRACT

As a consequence of the two-faced nature of information and communication technology (ICT), a majority
of ICT leaders have been confronting the critical problem of a dilemma between R&D expansion and
productivity decline in the digital economy. However, Amazon has been able to accomplish a skyrocketing
increase in R&D and market capitalization. Finland has also accomplished balanced advancement not
only of welfare but also economic resurgence. This paper attempted to elucidate the miracle of two ICT
leaders. By means of a comparative empirical analysis of respective development trajectories, the sources
of their success were analyzed thereby the comparative advantage and disadvantage of each respective
trajectories supportive to find a practical solution to the critical problem of a dilemma were identified. The
sources of both successes can be attributed to harnessing the vigor of soft innovation resources from the
marketplace. However, contrary to Amazon’s complementary use, Finland has depended on substitutionary
use. While this approach contributes to easy resurgence, it casts a shadow to the innovative growth in the
future. An insightful suggestion regarding balanced sustainable growth by cross learning was thus
provided.
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1. INTRODUCTION

Notwithstanding the critical problem of a dilemma between R&D expansion and productivity
decline that a majority of information and communication technology (ICT) leaders have been
confronting in the digital economy [1], [2], Amazon has been able to accomplish a skyrocketing
increase in R&D and market capitalization.

Fig. 1 illustrates the world’s top 25 R&D leaders by their R&D expenditure in 2017, which
demonstrates a notable R&D growth in software and Internet leaders. Noteworthy is Amazon’s
conspicuous jump. It invested US$ 22.6 billion R&D in 2017 and jumped up to the ranks of the
world’s top R&D firm, surpassing rival global ICT leaders.

In corresponding to such a rapid and notable increase in R&D investment, Amazon has

accomplished a skyrocketing increase in its market capitalization (MC). It hit the US$ 1 trillion
MC level in 2018. Consequently, Amazon was close to being the world’s biggest Internet
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company in 2018, competing with Apple, as demon-strated in Fig. 2. It briefly exceeded the level
of Apple in December 2018 and also in January 2019, as demonstrated in Fig. 2-2.

This R&D-driven accomplishment may provide a constructive suggestion to the solution to the
dilemma between R&D expansion and productive decline [8]. Finland, one of the world ICT
leader, has also accomplished a balanced advancement not only of welfare but also economic
growth by means of a notable resurgence [9].
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Figure 1. Amazon’s conspicuous jump into the position of world’s R&D leader in 2017.
Original sources: [3], [4].
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Figure 2. Market capitalization of the top Internet companies worldwide (as of May 2018).
Original source: [5].
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Figure 2-2. Trends in MC of Amazon and Apple (03 Dec. 2018 — 31 Jan. 2019).
Original source: [6], [7].

Fig. 3 compares GDP growth rate in 11 leading countries by taking averages of 2010-2012, 2013-
2015 and 2016-2018. While Finland suffered the lowest GDP growth in the first two periods
examined, it demonstrated a notable resurgence from 2016 [9]. It accomplished the highest GDP
growth after Singapore in 2016-2018. Contrary to Singapore’s growth oriented development with
lower happiness/welfare level, Finland accomplished also the highest level of happiness/welfare
as demonstrated in Fig. 4. Thus, Finland succeeded to achieve a balanced development (see the
details of the statistics in Table Al in the Appendix).

Inspired by these successes, this paper attempted to extract constructive suggestions supportive to
finding a practical solution to the critical problem of a dilemma between R&D expansion and
productivity decline in the digital economy.

To date, a significant number of studies attempted to analyze their notable performances and
unique business models (e.g., [9, 12-17]).

However, none has analyzed their R&D models from the view point of providing a solution to the
above dilemma.

This paper attempted a comparative empirical analysis of the R&D-driven development
trajectories between two ICT leaders and identified the comparative advantage and disadvantage
of each respective trajectories of two ICT leaders.

An insightful suggestion by their cross learning was thus provided. Organization of this paper is
as follows: Section 2 over reviews dilemma between R&D increase and productivity decline.
Solution to this critical problem is discussed in Section 3. Section 4 examined lessons from
Amazon and Finland. Section 5 summarizes the noteworthy findings, policy suggestions, and
future research.
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Figure 3. Finland notable resurgence in GDP growth among 11 countries.
Source: [10].
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Figure 4. Comparison of balanced development of economic growth and happiness in 11
leading countries. Sources: [10], [11].

2. DILEMMA BETWEEN R&D EXPANSION AND PRODUCTIVITY DECLINE

2.1 BIPOLARIZATION OF ICT-DRIVEN DEVELOPMENT TRAJECTORY
ICT in which network externalities function to alter the correlation between innovations and

institutional systems which creates new features of the innovation leading to exponential increase
[18]. Schelling [19] portrayed an array of logistically developing and diffusing social mechanisms
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stimulated by these interactions. Advancement of the Internet further stimulates these interactions
and accelerates ICT’s logistically developing and diffusing feature.

Given the logistic development and diffusion, ICT-driven growth follows a sigmoid trajectory
which continues to grow until it reaches carrying capacity (upper limit of growth). In this
trajectory, while growth rate continues to increase before reaching to inflection point
corresponding to the half level of carrying capacity, it changes to decrease after exceeding the
inflection point. Thus, ICT-driven logistic growth incorporates bi-polarization fatality, increase
and decrease of marginal productivity between before and after the inflection point.

Fig. 5 demonstrates development trajectories in 140 countries and 500 global ICT firms in 2016
taking ICT advancement and its marginal productivity to GDP per capita and sales, respectively.
Fig. 5 demonstrates clear bi-polarization between ICT-growing economies and ICT-advanced
economies. While the former enjoys a virtuous cycle between ICT advancement and productivity
increase, the latter suffers a vicious cycle as further ICT advancement results in productivity
decline.
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Figure 5. Bipolarization of ICT-driven development trajectories in 140 countries and 500 global ICT firms
(2016).

* Amazon is included in the declining group as its market capitalization is conspicuous while
R&D investment is counted smaller in the following sources as Amazon describes R&D as
technology and content in its annual report. Sources: [20-22].

This bipolarization, fatal to ICT-driven development, causes the critical problem of a dilemma
between R&D expansion and a productivity decline that a majority of ICT leaders have been
confronting in the digital economy. In order to attain the growth target that is essential for the
survival of global ICT firms, highly R&D intensive firms (HRIFs), which exceeded the inflection
point, attempt R&D expansion. However, contrary to anticipation, this effort causes productivity
decline resulting in growth decrease.

2.2 DILEMMA DERIVED FROM R&D EXPANSION

Digital value V created in an 10T society can be depicted as follows [23], [24]:

AV av T) AT av R
a~

V=FX.I)=FXD.T) # FI) gronthrate: v~ \or v) 7~ v - @

where T: gross ICT stock; X: other production factors; and R: R&D investment (AT =~ R).
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where p: rate of obsolescence of technology, g: R&D growth rate at the initial period.

v R

drR VvV

Given the logistic growth nature of ICT, R&D-driven development trajectory Vs(R) can be
depicted by the following epidemic function that leads simple logistic growth function (SLG):

v av v N
Erm=aV(1-3), R =5 @
Table 1 demonstrates this trajectory in 500 global ICT firms in 2016.
Table 1. Development trajectory of 500 global ICT firms (2016).
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Based on these analyses Fig. 6 examines the consequences of bipolarization in global ICT firms in 2016.
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In order to win the race in the competitiveness race, HRIFs endeavor to sustainable growth by
devoting R&D increase as illustrated in the middle of the Figure. However, it resulted in
unsuccessful growth due to a significant productivity decline as demonstrated in the top of the
Figure.

Figure. 6. Possible trend in growth rate and contributors to it in global ICT firms in 2016.

This examination suggests that in order to attain the target sustainable growth that is essential for
the survival of global ICT firms, HRIFs should find disruptive innovation solutions to overcome
this dilemma.

3. SOLUTION To THE DILEMMA

3.1 COUNTERMEASURE UNDERTAKEN BY HRIFS

Confronting the aforementioned dilemma, ICT-advanced economies have been endeavoring to
find a practical solution by transforming into a new business model.

Given that this dilemma stems from the unique feature of ICT, logistic growth, this feature should
be transformed.

As far as the development trajectory depends on the simple logistic growth (SLG) trajectory, its
digital value, Vs(R), saturates with the fixed upper limit which inevitably results in the dilemma
as reviewed above. However, once the trajectory shifts to logistic growth within the dynamic
carrying capacity (LGDCC), its digital value, VL(R) can continue to increase as it creates new
carrying capacity during the process of diffusion trajectory. LGDCC incorporates the self-
propagating function, enhancing the upper limit dynamically as growth proceeds. This function
can be depicted as follows:

. 1 _dwim
N (R) =V, (R) (W) AV(R)= ué—r

. @ VLA

The above analyses demonstrate the new disruptive business model initiated by the global ICT
leaders for increasing functionality development by exploring and utilizing external resources that
arouse and activate the latent self-propagating function indigenous to ICT as illustrated in Figs. 7
and 8.

Thus, activation of a latent self-propagating function indigenous to ICT though growth as
illustrated in Fig. 9 is a key to overcome the dilemma.
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Figure 7. Dynamism in overcoming the dilemma in global ICT firms (2016).
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Figure 9. Dynamism in activating latent self-propagating function
3.2 DYNAMISM IN ACTIVATING THE SELF-PROPAGATING FUNCTION

Fig. 9 demonstrates that explicit growth by means of an increase of a product of marginal
productivity of technology and R&D intensity should be essential to activate self-propagating
function indispensable for shifting from a SLG to a LGDCC trajectory that overcomes the
dilemma. This is something similar to self-contradiction as a question is to find a solution against
marginal productivity decline as a consequence of an R&D increase.

In order to clarify this contradiction, first, fundamental features of a LGDCC are examined by
comparing with those of a SLG.

LGDCC function can be approximated by the following SLG function [25]:

. Ny Ny b\ by 1 .
LR =————r—n @ —a(1-%)<q b =b[1+ E—x|>b @
-a -ag e 2k

1+be -Ime 1+b a
W e
b’g_arﬂ =1 W _ e _* ST 1 _ a'N, -2 o _ 0 whenx=1(R= LLEN ln—b) (5)
x @R (1+x)*’ dr  dR a'x LT a  a -

% ~ a'Vy(R) (1 - VL—im) <aV,(R)(1- V;‘f)) (see the empirical evidences i Table 2).

These analyses suggest that the LGDCC permits higher R&D level before marginal productivity
changes to decline as its inflection point (In b’/a’) is higher than that of the SLG, and also
contains a possibility that its marginal productivity of technology is lower than that of the SLG.

Table 2 analyzes the development trajectories of 500 global ICT firms in 2016 by comparing the
SLG and the LGDCC.

N M,

W= e W N @ B hb b
1-apfa
v a b . b R SLG 5962 132 1591 277 210
_ - 5962 131 1591 0.784 LGDCC 10223 071 1883 294 416
SIG M (930) (1098 (2187)

IGDcC: 14000 050 2000 3.00 599

ni 10223 077 1584 043 132 0.999
Lebec (7883) (26.13) (972) (706 (259) LGDCCs 20000 040 2300 314 785

N and Ng: carrying capacity, a, b, ax, and by: coefficients
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The figures in parentheses indicate the t-statistics: all are significant at the 1% level.
LGDCC 2 and LGDCC 3 are simulations.

Fig. 10 demonstrates marginal productivity of technology and inflection point of each respective
trajectory.
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Figure 10. Dynamism enabling higher R&D without the dilemma

Looking at Fig. 10 we note that while the LGDCC enables higher R&D before changing to
marginal productivity of technology decline, this productivity shifts to lower level as the LGDCC
function increases. With these findings, if we look back again Fig. 9, it is evident that R&D
intensity increase plays a key role in activating latent self-propagating function indigenous to ICT
and indispensable to shifting to a LGDCC which solves the dilemma.

Considering that while LGDCC enables higher R&D without productivity decline, it also cannot
avoid confronting this decline by depending excessive R&D. This suggests the significance of
harnessing the innovation resources from the external market. The authors in the preceding
studies demonstrated the significance of neo open innovation that harness the vigor of soft
innovation resources (SIRs) from the market place as illustrated in Fig. 7 [1], [2]. Here, SIRs are
considered as a condensate and crystal of the advancement of the Internet (Tou et al., 2018b,
2019b) and consist of the Internet based resources that have been either sleeping or untapped or
are results of multisided interaction in the markets where consumer is looking for functionality
beyond an economic value. They demonstrated that effective utilization of these resources
depends largely on the assimilation capacity that assimilates these resources from the marketplace
and assimilate into own business. This capacity depends on a rapid and notable increase in R&D
as Amazon has demonstrated [8]. This scheme is illustrated in Fig. 11.
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Figure 11. Scheme of measuring dynamic assimilation capacity.
Source: [26].

18



International Journal of Managing Information Technology (IJMIT) Vol.11, No.2, May 2019

These analyses suggest a dynamism of a core function of the disruptive business model that
overcome the dilemma between R&D expansion and productivity decline as illustrated in Fig. 12.

Core function is to activate latent self-propagating function through growth by means of gross
R&D increase consisting of increases in indigenous R&D (Ri) and assimi- lated external
innovation resources centered on SIRs. Increased gross R&D contributes to growth and activates
the latent self-propagating function by enhancing the dynamic carrying capacity of the LGDCC
(NL(R)). This enhancement accele-rates a shift to LGDCC. This shift induces functionality
development, leading to supra-functionality beyond economic value.

Advancement of the Internet
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Figure 12. Dynamism of a core function of the disruptive business model.

*1: see Fig. 10; *2: see Fig. 11.

This corresponds to people’s preferences shift and induces further advancement of the Internet
(this contribution route can be identified as Route A). Furthermore, this advancement accelerates
the increasing dependence on uncaptured GDP, which leverages the harnessing of the vigor of
SIRs. The Internet promote a free culture, the consumption of which provides utility and
happiness to people but cannot be captured through the GDP data, which measure revenue. These
identical services are called uncaptured GDP [27], [28]. At the same time, the advancement of the
Internet arouses and induces SIRs, as they are a crystal of the Internet. Thus, a virtuous cycle
exists between the emergence and utilization of SIRs, supra-functionality beyond economic
value, advancement of the Internet, uncaptured GDP dependence, and further leverage to SIRs
emergence, as illustrated in Fig. 8.

In addition, it cannot be overlooked that SIRs also contribute to captured GDP increases by
removing the structural impediments to its growth (this contribution route can be identified as
Route B). An example of this can be observed in Finland’s recent resurgence in GDP growth [9].

As a core function of such a comprehensive co-evolutionary system, Fig. 12 suggests that once
the engine is fired up, a virtuous cycle for neo open innovation by assimilating SIRs can be
expected. Therefore, deployment of such a function as turning on the ignition plays a decisive
role in the digital economy.
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Based on this understanding, next section explores this function focusing on the effective
deployment of gross R&D resources in the digital economy. Lessons from the successes of R&D
models in Amazon and Finland as reviewed earlier are expected to provide an insightful
suggestion to this deployment.

4. LESSONS FROM AMAZON AND FINLAND

4.1 SIMILARITY AND DISPARITY

As reviewed in the preceding section, the disruptive business model initiated by global ICT
leaders can be traced by two contribution routes as summarized in Table 3. Both global ICT
leaders, Amazon and Finland have demonstrated conspicuous contributions to respective route

9], [8]

While Amazon has constructed complementary development of both routes, since Finland had
deployed the Route A earlier [28], [29], its recent notable resurgence can largely be attributed to
the deployment of the Route B [9].

Function Innovation system Trigger of innovation
Route A Generate supra- | Co-evolution  between | Breakthrough

functionality beyond | the Internet, uncaptured

economic vale GDP and supra-

functionality beyond
economic value

Route B Remove structural | Resurgence Change in institutional
impediments in systems
growth

Table 3. Options of growth routes

Amazon Finland
R = R; + R: <Technology> R = R + R:
. » *
Complement
Y Transtorm \ Transform
Gross Service Tangble,
capital capital captal
K (SIRs) <=Conient> GC= GSC (SIRs)+ GTC (SIRs)
b - Y
b | Assimilate - ’ | Assimilate
8
Substitute
SIRs —* SIRs

Fig. 13 compares R&D model of both global ICT leaders.

Amazon has jumped up to the world’s top R&D firm in 2017 by complementing significant
improvement endeavors and routine or periodic alterations endeavors based on its unique R&D
model. The latter endeavors have been transformed into the former by absorbing SIRs in the
marketplace and assimilating them to its business [8].

Contrary to Amazon’s such complementary use, Finland has depended on substitutionary use of
SIRs. In Finland SIRs substituted for gross service capital (GSC) centered on R&D. These SIRs
spilled over to gross tangible capital (GTC) and removed structural impediments in growth
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thereby contributed to notable resurgence in GDP growth while relieving from the increasing
burden of R&D investment [9]. This functioned transformation of GTC into innovative function
similar to R&D.

The authors in the previous study demonstrated this substitutionary dynamism enabling Finland a
notable resurgence [9].

Table 4 demonstrates that Finland has substituted SIRs for GSC centered on R&D (R) from 2010.
Here, given that SIRs are a crystal of the Internet, the Internet dependence (1) was used as a proxy
of SIRs (pi and pj are price of the Internet and R&D, respectively).

In L =-2.01+0.63DiIn £ +2.17(DrD:)lnPs +3.34D,-0.13D  adj. B 0966 DIV125

I .
E . i P . P ) ‘
(—2.30)(18.12) (5.44) (3.82) (-2.39

D qummy vanables. D-Ds: see Table 5; D: 1999, 2000 = 1, others =0.

The figures in parentheses indicate the t-statistics: all are significant at the 1% level.

Table 4. Correlation between SIRS/R&D ratio and relative price in Finland (1995-2018).
Source: [9].

Tables 5 and 6 demonstrate that SIRs that substituted for R&D has spilled over to GTC and
removed structural impediments in growth thereby GTC made significant contribution to
Finland’s GDP growth particularly after the enactment of the Competitiveness Pact in 2016, and
enabled Finland’s notable resurgence.

Table 5. Governing factors of MFP in Finland (1994-2018).

InMFP =43.23- 0.041 = 0.03 DinR- 0.23 (Dy=D3)Ink +1.80 InC + 0.04D1Inf + 0.84 D110/ =8.96D; In/
(-6.01) (-6.71) (2.75) (-2.56) (7.23) (1.75)* (187 (6.27)

+ 38.89D: +36.87D:+ 0.02D  adj. R*0.983 DI 2.27
(6.22) (5.78)  (291)

D;: dummy variables identifying R&D-driven economic features of respective periods as follows:

1994-  2010-  2016- Features of the period
2009 2015 2018
Dy 1994-2009 = L. others =0 | 0 0 Sustainable mcrease in R&D intensity that supported
economic growth
D> 2010-2015 = 1. others = 0 0 1 0 R&D intensity decline in the economic stagnation
Ds  2016-2018 = L. others = 0 0 0 | Economic resurgence after the Competitiveness Pact despite

R&D mtensity decline

D:2000. 2001, 2007, 2010. 2011 = 1. others = 0,

The figures in parentheses indicate the t-statistics: all are significant at the 1% level except *!10%.
Source: [9].

Table 5 identified that Finland’s innovation proxied by multifactor productivity (MFP) was
governed by R&D (R) as a source of technology knowledge stock, spillover SIRs taking the
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Internet dependence similar to Table 4 (1), demand creation (C), and learning effect (t). Table 5
demonstrated that significant contribution to innovation in Finland changed from R&D to SIRs
after 2012, particularly after 2016 corresponding to the enactment of the Competitiveness Pact.

Table 6 demonstrated the similar structure regarding the contribution to GTC (K) increase. SIRS
(1) made significant contribution to GTC increase instead of R&D contribution particularly after
2016.

These analyses support the hypothetical view that SIRs substituted for GSC centered on R&D and
spilled over to GTC leading to removing structural impediments in growth.

K =-10.87-0.010.11D; InR + 0.59 InC' + 115D, InJ + 2.77D; InJ +12.68D; + 7.34D»- 0.01D
(-2.78)(-3.63)(-4.43) (3.86) (490 (3.31) (334)  (L94)* (-2.65)

adj. R*0.922 DIV 1.58

Backward elimination method with 10 % criteria is used.
The figures in parentheses indicate the t-statistics: significant at the 1% level except *'10%.

Table 6. Components of MFP impacting on GTC in Finland (1994-2018).
Source: [9].

4.2 GTC SUBSTITUTION FOR GSC

Such substitutionary behavior prompts us a hypothetical view that GTC substituted for GSC
during the course of resurgence in Finland as illustrated in Fig. 13. This view is supported by the
decreasing share in GSC and increasing share of GTC in the gross capital (GC) as demonstrated
in Fig. 14.

Inspired by these observation, Fig. 15 analyzed correlation between GSC /GTC prices ratio and
GTC/GSC ratio in Finland over the period from 1994-2017. As demonstrated in Table 7 GTC
changed to substitution for GSC after 2010.

15
Y GSCn/ GCn —

a0l T _/— K\_““—_'E_ﬂ"'“—m

) /f____ﬂ- ~——

80 TT— — /
e e—— ™ e

Figure 14. Trends in GSC and GTC shares in Finland (1994-2017) - %.
Source: [30].
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This substitution can be attributed to SIRs that spilled over from GSC to GTC and contributed to
removing structural impediments in growth as demonstrated earlier.

16
< 2017
5 A
g 1o 1996 \
= _—3 -
1.4 T fi I.l
1994° y f.
I
/ 4
13 / 2007. 2012 /
1000.{ ~ ‘mv;
1.2 N |
N ~ |
1 2010
1 Im (Psc/ Pre)
0.25 0.2 0.15 0.1 0.06 0 0.05

Figure 15. Correlation between GSC/GTC price ratio and GTC/GSC ratio in Finland (1994-2017).

o= @b e Dy + e Dyl + b, 4 D
Rr Pte Pte
a £ £ h c adj. R! D
124 o164 1004 0.18 0.17 0638 153
(38.08) =410 {3.63) (=3.00) {4.05)
ﬂ.' :FIHF.‘HH-' 1.':!]'!‘[]'.!”’&’.‘5'
Dy: 1994-2009 = 1, others = 0; Do: 2000-2017 = 1, others = 0; D: 1996, 2012, 2017 = 1, others = 0

The figures in parentheses indicate the t-statistics: significant at the 1% level

Kr Psc L
LHF =d+¢ lnF €= | @ substimiion, 1= &> 0 neutral, & < 0 complement
! L

Table 7. Correlation between GSC/GTC price ratio and GTC/GSC ratio in Finland (1994-2017).

On the basis of these findings, Table 8 summarizes transformation of components of gross capital
in the digital economy observed in Finland in its resurging process. It is identified that while GTC
substitution for GSC supported by SIRs contributed to resurgence, it is feared that this
substitution results in losing timely significant breakthrough opportunity by losing innovation
function that is expected to be accumulated in GSC.

Table 8. Transformation of components of gross capital in the digital economy in Finland.

Traditional classification GSC GTC

Environmental change

Increasing difficulties,
uncertainties, lengthy pregnant
period, and expenditures

Availability of practical
platform effects, package
software

Firms/nations behavior

Escape from difficulties

Depending on easy solution

National Accounting

Decreasing share after 2010

Increasing share after 2010
(GTC substitutes for GSC)

Transformation of functions

Losing innovation function

Gaining innovation function

Effects

Losing timely significant
breakthrough opportunity

Contribute to resurgence

23



International Journal of Managing Information Technology (IJMIT) Vol.11, No.2, May 2019

Consequently, IMF has published reserved prospect on Finland’s GDP growth toward 2023 as
demonstrated in Fig. 16. This forecast sounds the alarm that this transformation may result in
canceling the notable resurgence.

Real GDP Growth Rate in 11 Leading Countries (average 2016-2018)

Finland Singapare Sweden  Netherlmd: MNeorway — Switzerland UsA UK Grermany Denmark Japan

Prospect of Real GDP Growth Rate in 11 Leading Countries (average 2019-2023)

Finland Singapor= 3 Netherlands ¥y  Switzerland Denmark

Figure 16. Contrast of notable resurgence and lower growth thereafter in Finland (2016-2023).
Source: [10].

In order to avoid such a pessimistic result, it is strongly required to endeavor comprehensive
strategy for the future encompassing (i) prioritize GSC focus that can breakthrough the future
path such as Al and digital bioeconomy, (ii) promote priority deployment system, (iii) stimulate
GTC development thereby. This development is expected to induce GDP growth that enables
GSC increase, and a virtuous cycle can be constructed thereby. This is to construct a complement
between GSC and GTC to which Amazon’s complementary system between technology and
content as demonstrated in Fig. 13 may provide an insightful suggestion.

4.3 LESSONS FROM AMAZON R&D MODEL

Notwithstanding the critical problem of a dilemma between R&D expansion and productivity
decline that a majority of ICT leaders have been confronting in the digital economy, Amazon has
been able to accomplish a skyrocketing increase in R&D and market capitalization as reviewed
earlier.

This success can be attributed to its business model that has enabled Amazon to absorb external
resources extensively through the Amazon empire chain, big data collection system and
architecture for participation, and assimilate them into its business [8].

Given that this model deploys a full-fledged function, it may transform “routine or periodic

alterations” (traditionally classified as non-R&D) into “significant improvement” (classified as
R&D).

This anticipation leverages Amazon to maintain its fundamental source of its strength, such as
having excellent customer service and ensuring complete customer satisfaction through such
“species survival and evolution systems” as
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(i) Consistent innovation by means of (a) a peer review system, (b) easy checkouts, (c) user-
tailored suggested products, (d) making changes proactively, and
(ii) Performing disruption analysis on existing customer data for business changes [31].

A holistic management policy, rather than separate activities contributes to the broad
dissemination of this transformation effect. Such transformation exercises are similar to
experiments, which Amazon CEO Jeff Bezos has been encouraging [32].

The value created is distributed among various stakeholders: shareholders, employees,
executives, customers, creditors, and suppliers.

Under such a distinct CEO’s policy and strong leadership thereof, at Amazon, experimentation is
always occurring, initiated by employees in broad fields throughout the company, and ideas are
constantly being presented to Bezos, leading to the satisfying of the first leadership principle:

Customer obsession.

Motivated employees understand that these ideas are going to be altered in many ways [33].
Consistent innovative thinking is another resource that Amazon has exploited advantageously
[34], [35].

It has been popularized the following mathematical formula that Cash + Willingness to
experiment + Stable leadership = Success [36]. It is evident that the company’s unique team of
employees and Bezos’ visionary leadership have been instrumental in Amazon’s success [35].
This system enabling Amazon transform “product” focusing on routine or periodic alteration
endeavors into “technology” that contributes to significant improvement as illustrated in Fig. 17.
Unlike Apple, Google, and Microsoft, Amazon is not fixated on a tightly designed ecosystem of
interlocking apps and services. Bezos instead emphasizes platforms, each of which serves its
customers in the best and fastest possible way. That impulse has spawned an awesome stream of
creative firsts [37] as if firing from the top right corner of Fig. 17.

Given this impulse, Amazon may explore a newer R&D model that transforms “content” into
“technology” by deploying the full-fledged function of its sophisticated management system to
absorb external resources extensively and assimilate them into its business. Noteworthy is that
“technology” leverages “product”, which in turn induces further advancement of “technology”
leading to co-evolutionary complementary system.

eff Bezos strong customer-centric visionary leadership Leadership

Simultaneous research, design, development, and maintenance of both new and existing products and services
T Entrepreneurship
- Unable to break-down
. A s
- - = | University
Significant unprovement +
= | Education

Hamess
~ B> women's
B untapped resources

Aging society
Human resources

SMEs

Rontine or per-

1odic alterations

Species survival and evolution system ‘

Figure 17. Illustration of Amazon’s R&D.
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This co-evolutionary complementary system between “content” and “technology” provides an
insightful suggestion to Finland in constructing complementary system between its GSC and
GTC that might nourish timely significant breakthrough opportunity.

4.4 LEARNING FROM FINLAND NOTABLE RESURGENCE

Finland’s success for its accomplishment of notable resurgence in the digital economy can be
highlighted to the following dynamism as illustrated in Fig. 18 [9].

) - SIR ”' W viil -
ml e L GSC (R&D) —— ""Pn'fm,L,r
i e Gross Service Capifal
07 (Gross Service Capital)
v Effective utilization B \
. Ll Wil
Competitiveness Pact — SIR (/) RIC A =
(v , Ay Ky
(Tune 2016) (Soft Tnnovation Resonrces)
5 Indfice
= GTC « by renfoving MFP
& :; (Gross Tangible Capital)  struchural igpedinwents
1 ;‘.[- —> GDP growth
(Advancement of the Tnternet)

Figure 18. Dynamism of soft innovation resources in removing structural impediments in GTC growth in
Finland.

(i) Advancement of the Internet awoke and induced SIRs.

(i) The Competitiveness Pact spurred effective utilization of SIRs.

(iii) SIRs substituted for GSC (centred on R&D) supported by uncaptured GDP.

(iv) Through the substitution process SIRs spilled-over and incorporated in GTC via MFP.
(v) MFP induced GTC by removing structural impediments of its increase.

(vi) Increased GTC contributed to GDP growth.

(vii) GDP growth in turn increased MFP leading to a virtuous cycle.

(viii) In addition, GDP resurgence instilled confidence to the Competitiveness Pact.

Finland’s success, triggered by the enactment of the Competitiveness Pact in 2016, through
exploring elastic labor supply, fostering a trusting relationship between employer and employees,
satisfying on demand supply and trans generational preferences towards an aging society [9] may
provide Amazon an insightful suggestion for solving its critical problems with respect to
consensus gaining among stakeholders, instilling confidence in employees, and also to
corresponding to new monopoly issues [16].

5. CONCLUSION

In light of the critical problem of a dilemma between R&D expansion and productivity decline
that a majority of ICT leaders have been confronting in the digital economy, this paper attempted
to find a constructive solution to this critical problem.

Inspired by notable successes initiated by two ICT leaders, Amazon and Finland, the sources of
their success were identified by means of a comparative empirical analysis of their development
trajectories.

ICT-driven development trajectory incorporates a bipolarization fatality which emerges
uncaptured GDP and urges highly R&D intensive economies confront the dilemma between R&D
expansion and productivity decline.
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Solution to this dilemma is to activate latent self-propagating function indigenous to ICT through
gross R&D increase by harnessing the vigor of external innovation resources, particularly of soft
innovation resources (SIRS) in the marketplace.

Amazon has established a sophisticated R&D model enabling it to absorb such resources
extensively through the Amazon empire chain, big data collection system and architecture for
participation with sophisticated management system that maximizes a full-fledged function, and
assimilate them into its business. It transformed “content” focusing on routine or periodic
alteration endeavors into “technology” that contributes to significant improvement.

Contrary to such Amazon’s complementary use of SIRs, Finland has depended on substitutional
use. SIRs substituted for R&D and spilled over to the gross tangible capital, and then removed
structural impediments to growth.

While this approach contributed to easy resurgence, it may lose timely significant breakthrough
opportunity expected to be initiated by innovative R&D endeavor. This lost is feared to cancel the
success in resurgence in the future.

In order to avoid such a fear, it is strongly required to endeavor comprehensive strategy for the
future encompassing (i) prioritize GSC focus that can breakthrough the future path such as Al and
digital bioeconomy, (ii) promote priority deployment system, (iii) stimulate GTC development
thereby. This development is expected to induce GDP growth which enables GSC increase, and a
virtuous cycle can be constructed thereby.

This is to construct a complement between GSC and GTC to which Amazon’s complementary
system between technology and content may provide an insightful suggestion.

At the same time, Finland’s success, triggered by the enactment of the Competitiveness Pact in
2016, through exploring elastic labor supply, fostering a trusting relationship between employer
and employees, satisfying on demand supply and transgenerational preferences towards an aging
society may provide Amazon an insightful suggestion for solving its critical problems with
respect to consensus gaining among stakeholders, instilling confidence in employees, and also to
corresponding to new monopoly issues.

Future work should focus on accrual of these cross learning to general policy ecosystems.
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APPENDIX BASIC STATISTICS FOR THE ANALYSIS

Table Al Trends in Real GDP Growth Rate and Happiness Score
Nether

Switzer

Fnland Singapore Sweden lands Norway "1 9 USA UK  Gemmany Denmark  Japan
1990 0.68 10.04 0.80 4.18 1.93 357 1.89 0.74 572 147 489
1901 592 6.69 -1.03 2.45 3.09 -0.82 0.1 -1.09 501 14 342
1992 333 7.09 098 1.59 3.57 0.17 3.52 037 151 196 0.85
1993 0.73 11.54 -1.85 1.26 2.85 0.12 275 253 099 0.01 052
1994 3.94 10.93 4.09 3.01 5.06 132 403 3.90 253 533 0.99
1995 421 7.03 4.02 2.76 415 0.54 2.68 2.46 181 3.03 2.74
1996 3.66 753 1.52 3.49 5.03 0.53 3.77 2.54 0.86 291 3.10
1997 6.25 8.29 2.91 433 5.29 233 445 4.29 1.91 326 1.08
1998 543 273 424 4.67 262 293 448 334 1.77 221 113
1999 4.44 6.10 449 5.03 2.01 165 475 321 1.84 295 025
2000 5.64 8.90 4.75 42 3.21 4.08 413 3.45 3.19 3.75 2.78
2001 2.58 095 1.57 233 2.09 1.28 1.00 2.84 1.83 0.82 041
2002 1.68 421 2.08 0.22 1.44 0.19 1.74 2.50 0.03 047 0.12
2003 199 444 2.36 0.16 0.92 0.07 286 334 072 0.39 153
2004 393 955 431 198 3.96 262 3.80 235 0.70 2.67 221
2005 2.78 749 2.82 2.05 2.63 3.16 351 3.15 0.87 234 1.66
2006 4.06 8.86 4.70 3.46 2.40 4.08 2.86 2.55 3.89 391 142
2007 5.19 911 341 3.77 2.99 411 1.88 255 337 091 165
2008 0.72 1.79 217 0.48 211 0.14 035 0.81 051 -1.09
2000 827 -0.60 3.67 -1.69 223 254 425 5.56 491 542
2010 2.99 15.24 134 0.69 287 256 1.71 3.94 1.87 4.19
2011 257 635 1.55 0.97 184 155 1.65 3.72 134 -0.12
2012 143 4.08 1.03 272 1.01 225 1.45 ' 0.23 15
2013 0.76 5.11 013 1.04 188 1.84 2.05 0.94 2.00
2014 0.63 3.88 142 1.98 249 245 295 162 038
2015 0.14 2724 196 197 127 2388 235 148 161 135
2016 248 240 2.19 1.09 1.59 1.79 2.16 1.97 0.96
2017 2.80 362 2.87 1.92 167 1.66 2.46 2.28 1.74
2018 265 293 231 211 3.01 1.36 1.91 1.96 1.14
2019 1.80 230 220 2.60 210 1.80 230 1.30 190 1.90 090
2020 1.60 270 2.00 23 1.90 1.70 1.80 1.30 1.60 1.80 030
2021 120 270 2.00 2,10 1.20 1.70 1.70 1.60 1.50 1.80 .70
2022 1.20 270 1.90 2.00 1.80 170 1.50 1.60 1.30 170 0.50
2023 1.20 2.60 1.90 1.80 1.80 1.70 1.40 1.60 1.20 170 0.50
f‘gfg“ff 1.38 8.56 2.79 0.62 1.46 1.91 212 1.60 2.78 115 1.86
‘,”‘Jf;“fj 042 3.74 2.77 1.08 1.66 1.38 239 2.45 142 139 124
‘fo‘fgaf; 2.64 298 240 2.62 1.71 2.09 222 1.60 218 207 128
f;j’;’gg 1.40 2.64 2.00 216 1.90 172 178 1.56 1.50 178 0.58
Happiness ~
score 7.63 6.34 731 744 7.59 7.49 6.89 6.81 6.96 7.56 5.91
Razking (1) G4 © (6) @ (s (18) (19) (15) 3) (59

Sources: [10], [11].
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Table A2 Trends in Gross Capital and Its Components in Finland (1994-2017)

GSCn/  GICn/
GCn GCr GSCn Rr GTCn Kr Psc Ptc GCn GCn

1994 16924 22394 2844 4438 14080 17956 0.64 0.78 16.8 §3.2

1995 18996 25202 3183 4884 15813 20318 0.65 0.78 16.8 83.2

1996 20928 27726 3542 5307 17386 22419 0.67 0.78 16.9 83.1

1997 23668 30743 4078 6010 19590 24733 0.68 0.79 17.2 82.8

1998 26755 34025 4595 6609 22160 27416 0.70 0.81 17.2 82.8

1999 28482 35565 5428 7723 23054 27842 0.70 0.83 19.1 80.9

2000 31457 37776 6114 8359 25343 29417 0.73 0.86 19.4 80.6

2001 33080 38440 6627 8735 26453 29705 0.76 0.89 20.0 80.0

2002 32071 37304 6691 8572 25380 28732 0.78 0.88 20.9 79.1

2003 33052 38348 7236 9142 25816 29206 0.79 0.88 21.9 78.1

2004 35333 40136 7543 9176 27790 30960 0.82 0.90 213 78.7

2005 37739 41440 8059 9495 29680 31945  0.85 0.93 214 78.6

2006 39334 41983 8375 9605 30959 32378 0.87 0.96 213 78.7

2007 45103 46171 9094 10162 36009 36009 0.89 1.00 20.2 79.8

2008 47245 46298 9848 10390 37397 35908 0.95 1.04 20.8 79.2

2009 41187 40489 9589 9768 31598 30721 098 1.03 233 76.7

2010 40933 40933 9867 9867 31066 31066 1.00 1.00 24.1 75.9

2011 43779 42610 9711 9444 34068 33166 1.03 1.03 22.2 77.8
2012 44610 41782 9464 8943 35146 32839 1.06 1.07 21.2 78.8

2013 43083 39718 9310 8610 33773 31108 1.08 1.09 21.6 78.4

2014 42235 38694 9376 8566 32859 30128 1.09 1.09 22.2 77.8

2015 42713 38976 8991 8126 33722 30850 1.11 1.09 21.0 79.0

2016 46844 42321 9044 8053 37800 34268 1.12 1.10 19.3 80.7

2017 49591 44145 8886 7866 40705 36279 1.13 1.12 17.9 82.1

Source: [30].
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