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ABSTRACT 
 

While the Internet-driven digitized innovation has provided us with extraordinary services and welfare, 
productivity in industrialized countries has been confronted with an apparent decline, and it has raised the 
question of a productivity paradox. The limitations of the GDP statistics in measuring the digital economy 
have become an important subject. 
 

Based on national accounting framework and utilizing the development trajectories of 500 global 
information and communication technology (ICT) firms,structural sources of such decline were investigated. 
It was identified the two-faced nature of ICT that resulting in R&D-intensive firms falling into a vicious cycle 
between R&D increase and marginal productivity of ICT decline. 
 

Confronting such circumstances, R&D-intensive firms have been endeavoring to transform into disruptive 
business model by harnessing the vigor of soft innovation resources. This transformation leads to 
spontaneous creation of uncaptured GDP and provides insightful suggestion to overcome the limitation of the 
GDP statistics in the digital economy.    
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1. INTRODUCTION 
 

The dramatic advancement of the Internet has generated the digital economy, which has changed 
the way of conducting business and daily lives [1]. The further progression of  digitalized 
innovation over the last two decades, such as cloud, mobile services, and artificial intelligence, has 
augmented this change significantly and has provided us with extraordinary services and welfare 
never anticipated before [2]. However, contrary to such accomplishments, productivity in 
industrialized countries has been confronted with an apparent decline [3] [4] [5], and it has raised 
the question of a possible productivity paradox in the digital economy. The limitation of the GDP 
statistics in measuring the advancement of the digital economy have thus become an important 
subject [6] [7] [8]. 
 

There have been long-lasting debates on the information communication technology (ICT)–driven 
“productivity paradox.” 
 

Significant numbers of analyses demonstrated the impact of ICT on productivity triggered by 
Nobel Laureate Solow’s “Productivity Paradox” [9] and reaction to it by Brynjolfsson [10]. 
Consequently,by the late 1990s, there were some signs that productivity had been improved by the 
introduction of ICT.  
 

However, late in the first decade of this century, a new paradox appeared to have emerged. This can 
largely be attributed to the third industrial revolution initiated by the dramatic advancement of the 
Internet [11]. The Internet has changed the computer-initiated ICT world significantly.  
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Cowen [12] argued that, “Contrary to the dramatic advancement of the Internet and subsequent ICT 
advancement, we were living through the consequence of a dramatic decrease in the rate of 
innovation.” He argued that the consequence of slowing innovation was fewer new industries and 
less creative destruction, hence fewer new jobs. He stressed that, while the technological progress 
brought a big and predictable stream of growth across most of the economy, those assumptions 
were turning out to be wrong or misleading when it came to the Internet. He then suggested the 
possibility of the consequence of the two-faced nature of ICT.  
 

From the dramatic advancement of the Internet and subsequent third industrial revolution 
inevitably emerged a new paradox of the advancement of ICT. Brynjolfsson, who first reacted to 
Solow’s production paradox in 1993, raised the question, “Could technology be destroying jobs?” 
[13]. He argued by giving an example of the music industry: "Because you and I stopped buying 
CDs, the music industry has shrunk, according to revenues and GDP. But we're not listening to less 
music. There's more music consumed than before" [14]. 
 

Inspired by these arguments, Lowrey [15] postulated that the Internet promotes more free culture, 
the consumption of which provides utility and happiness to people but cannot be captured through 
the GDP data that measure economic values.  
 

Authors in previous studies stressed the significance of increasing dependence on uncaptured GDP 
by postulating that the Internet promotes a free culture that provides utility and happiness to people 
through its consumption but cannot be captured through GDP data, which measure economic 
values. ThisInternet-emergedadded valueofproviding people with utility and happiness, which 
extends beyond economic value, is defined as uncaptured GDP   [16] [17] [18]. 
 

By realizing the two-faced nature of ICT as a consequence of a trap in ICT advancement, it was 
identified that advancement of ICT generally contributes to enhancing the prices of technology 
through new functionality development, as demonstrated by the iPhoneX, which was released in 
November 2017.  
 

Note The prices of Apple’s newest smartphones demonstrate the way in which price increase as 
functionality advances: iPhone 6S (US$ 549), iPhone 7 (US$ 649), iPhone8 (US$ 699), iPhone8 
plus (US$ 799), and iPhoneX (US$ 999). 
 

However, contrary to traditional ICT, the dramatic advancement of the Internet has resulted in the 
decline of ICT prices because of the characteristics of freebies, easy and free replication, and mass 
standardization  [16] [17]. 
 

The further advancement of digitized innovation as cloud, mobile services, and artificial 
intelligence, has accelerated permeation of the Internet into broad ICT.  
Furthermore, driven by the Internet of Things (IoT), the physical world is becoming an ecosystem 
composed of physical objects embedded with sensors and actuators connected to applications and 
services through a wide range of networks. The IoT has the potential to drive the next steps toward 
the digitization of our society and economy [19].  
 

Note Internet Society [20] defines the IoT as scenarios where network connectivity and computing 
capability extend to objects, sensors, and everyday items not normally considered computers, 
allowing these devices to generate exchanges and consume data with minimal human intervention. 

 

Consequently, the Internet has been permeating into not only ICT general but also all production 
factors [21] leading to the continued drop in ICT prices. 
 

This continued drop results in the declining marginal productivity of ICT in leading ICT firms 
provided that they seek profit maximum behavior in the competitive market.  
 

Note : Given that firms seek profit maximization in a competitive market, their marginal ICT 
productivity corresponds to the relative price of ICT, and this marginal productivity is proportional 
to productivity (see Section 3). 
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Given that leading ICT firms take increasing initiative as the digital economy advances, such a 
decline in their marginal productivity cannot help declining productivity in the digital 
economy,which spread the limitation of GDP. 
 

Confronting such circumstances, leading global ICT firms have been endeavoring to transform into 
a new business model that creates uncaptured GDP. This transformation can be considered a 
spontaneous creation of uncaptured GDP, not merely depending passively on the Internet-emerged 
uncaptured GDP, by harnessing the vigor of soft innovation resources including untapped resources 
utilization of which is not necessary within the reach of GDP accounting.  
 

Thus, this model may provide insightful suggestion in overcoming the limitation of GDP. However, 
spontaneous creation dynamism and its possible contribution to overcome the limitation of the 
GDP statistics are yet unknown. 
 

Following the preceding analyses, on the basis of national accounting framework confronting with 
an apparent decline, and utilizing the findings obtained from development trajectories of 500 global 
ICT firms over the period 2005-2016, this paper attempts to shed light on the unknown dynamism 
with respect to spontaneous creation of uncaptured GDP, and subsequent insightful suggestion to 
improve the GDP statistics for measuring the advancement of the digital economy. 
 

Section 2 over reviews productivity decline in the digital economy. The structural sources of 
productivity decline in the digital economy is discussed in Section 3. Section 4 elucidates 
dynamism leading to productive decline and countermeasures against it. Section 5 summarizes the 
noteworthy findings, policy suggestions, and future research. 
 

2. PERMEATION OF THE INTERNET AND PRODUCTIVITY DECLINE 
 

2.1. PERMEATION OF THE INTERNET INTO PRODUCTION FACTORS  
 

The dramatic advancement of the Internet and the further progression of digitized innovation over 
the last two decades, such as cloud services, mobile services, and artificial intelligence amidst the 
advancement of the digital economy have augmented the permeation of the Internet into broad ICT 
as illustrated in Fig. 1. 
 

 
 

Figure 1. Illustration of the digital innovation initiated by the advancement of the Internet 
 

Such permeation trend can be demonstrated by the converging trend of R&D related to the Internet 
and other ICT.  
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Technology stock both related to the Internet and other ICT can be estimated by the ratio of 
respective research and development (R&D) expenditure and sum of rate of obsolescence of 
technology (�) and increase rate of R&D at the initial period (g), in the long run (see equation (5) in 
Section 4.1.1). 
 

Fig. 2 traced the trend in the sum of �	+ g in ICT related 27 key scientific research consisting of (i) 
Internet R&D, (ii) Internet related peripheral R&D, and (iii) other ICT R&D over the period 
1980-2015. 
 

Fig. 2demonstrates that while the	sum	of	� + g values were diverged by 2005, they have been 
converging toward 2010-2015 thereby technology stock both of the Internet and other ICT can be 
treated as a sum of both R&D. This demonstrates the permeation trend of the Internet into broad 
ICT. 
 

Note Analysis of Fig. 2 was based on the following bibliometrics approach: 
 

The top 1% scientific paper in “Computer Science” and “Information Science & Library Science” 
over the period 1960 -2015 was traced (altogether 14,438 scientific papers retrieved from the Web 
of Science provided by Clarivate Analytics were examined).  
 

First, by using Academic Landscape System [22][23] a citation network was constructed. Second, 
by means of Newman method [24], the citation network was divided into 27 clusters. Each 
respective cluster contains more than 100 papers. Thus, top 1% scientific papers highlight 27 
scientific fields in the broad ICT as illustrated in Fig. 2 which can be classified as (i) Internet R&D 
(2 clusters), (ii) Internet related peripheral R&D (8 clusters), and (iii) other ICT R&D (17 clusters).  
� can be estimated by calculating a reciprocal of the forward half-life after the peak with negative 
value, while g can be estimated by calculating a reciprocal of the backward half-life before the peak 
with positive value (see Note 2). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

Figure 2. Trend in the sum of rate of obsolescence of technology and growth rate of R&Dat the initial stage in 
Internet R&D and other ICT R&D (1980-2015). 
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Note 2 Calculation Method 
 

Number of publication 

 

 

 

 

 
 

Furthermore, driven by the IoT, the physical world is becoming an ecosystem composed of physical 
objects embedded with sensors and actuators connected to applications and services through a wide 
range of networks. Consequently, the Internet has been permeating into not only ICTgeneral but 
also all production factors [21] toward an IoT-based society. 
 

2.2. PRODUCTIVITY DECLINE IN THE DIGITAL ECONOMY 
 

However, contrary to theseaccomplishments, productivity in industrialized countries has 
experienced a structural decline [3] [4] [5],as demonstrated in Fig. 3.This suggests a productivity 
paradox possibility in the digital economy as reviewed in Section 1. 
 

US Council of Competitiveness revealed that productivity growth in the US continued to decline 
over the last five decades as illustrated in the top of Fig. 3. This is not only the US but also similar to 
the ICT advanced countries as illustrated in the middle of the Figure. The World Bank 
demonstrated that such decline can be observed also in certain non-industrialized countries as 
illustrated in the bottom of the Figure. 
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Figure3. Trend in productivity decline in the digital economy. 
 

Sources: No Recovery: An Analysis on Long-term U.S Productivity Decline [4],Digital Dividends 
[5] and World Economic Outlook Database [25]. 
 

3. TWO-FACED NATURE OF ICTLEADING TOTHE PRODUCTIVITY DECLINE  
 

The majority of advanced ICT countries have been experiences extended stagnation (“great 
stagnation” [12]) in the digital economy as demonstrated by their low GDP growth from the middle 
of the first decade of this century as illustrated in Fig. 4.  
 

 
 
 
 
 
 
 

 
 

 
Figure 4. Stagnation in economic growth in ICT advanced countries (2006-2017). 

 

Country order is based on the order of world ICT ranking in 2013 [26]. 
Source: World Economic Outlook Database [25]. 

 

Part of the stagnation itself can be attributed to a trap in ICT advancement derived from the 
two-faced nature of ICT, that is, while advancement of ICT generally contributes to enhanced 
prices of technology by new functionality development as reviewed in Section 1 and illustrated in  
Fig. 5, the dramatic advancement of the Internet reacts to decreased prices of technology due to its 
nature of freebies, easy and free replication, and mass standardization.  
 
 

 
 
 
 
 
 
 
 

Figure 5. Trend in iPhone prices by function (2013-2017). 

Source: Apple press release library. 

 

Labor productivity growth slowdown in 87 countries (1973-2015)  

5 years moving average of % annual growth rate in labor productivity. 
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As discussed in Section 1, the Internet promotes a free culture that provides utility and happiness to 
people through its consumption but cannot be captured through the GDP data, which measure 
economic values. These identical services are called uncaptured GDP, which occurs because of 
ICT’s two-faced nature  [16]. 
 

Fig. 6 illustrates this dynamismwith relevance to the GDP statistics in the digital economy which 
demonstrates bipolarization between price increase and decrease depending on the ICT 
advancement. Uncaptured GDP, which is illustrated in the top right of the figure, is produced 
through efforts to avoid and indemnify such price decrease by means of outsourcing price 
decreasing factors [16] and utilization of soft innovation resources including sleeping resources, 
trust, memory and future dream, and untapped resources [27]. 
 

Note Apple focuses its own resources on high value-added business such as design, planning, marketing and 
after-service while entrusting manufacturing which is relatively adds lower value to Japan and EMS 
(electronics manufacturing services) thereby maximizing the merit of international division and learning and 
absorption effects). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Figure 6. Dynamism of ICT price decrease as a consequence of its two-faced nature 

with relevance to the GDP statistics in the digital economy. 
 

Original source: New Paradigm of ICT Productivity – Increasing Role of Uncaptured GDP and Growing 
Anger of Consumers [16].  
 

Given that firms seek profit maximization in a competitive market, their marginal productivity of 
ICT corresponds to the relative price of ICT in terms of price of GDP, and the contribution of ICT to 
the growth rate can be attributed to the product of this marginal productivity and R&D intensity 
(R&D expenditure per sales). Therefore, the decrease in ICT price results in the stagnation of 
growth, as postulated by Cowen [12]. Fig. 7 illustrates scheme of this stagnation due to the decrease 

in ICT price.Since marginal productivity of ICT is proportional to ICT productivity (see 
Note) and given that the Internet has been permeating into not only ICTgeneral but also all 
production factors toward an IoT-based society as reviewed in Section 2.1, decline in marginal 
productivity of ICT stemmed from dramatic advancement of the Internet results in productivity 
decline in thedigital economy as reviewed in Section 2.2. 

 

 

 

 

Synchronized prices 
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Figure 7. Scheme of the stagnation due to the decrease in ICT price. 
 

Note : Elasticity is the measurement of how responsive an economic variable (e.g., T) is to a change in 
another (e.g., Y). The elasticity of T to Y (T elasticity to Y)��	implies	a	1%	increase	in	�	increases	��% 
increase in Y and represents the efficiency of Y in the inducement of T. 
 

Since  �� = ����
��� =

��
ð ∙


� , Productivity 

�
 =

�
� ! ∙

��
� Therefore, given the certain period with 

stable elasticity, T productivity is proportional to marginal productivity of T. 
 

4. PRODUCTIVITY DECLINE IN GLOBAL ICT FIRMS 
 

In order to demonstrate the above hypothetical view, an empirical analysis focusing on the 
development trajectories of 500 global ICT firms(world top 500 firms by R&D expenditure in the field 

of ICT relevant manufacturing and services) over the period 2005-2016 was conducted.  
 

4.1. ANALYTICAL FRAMEWORK 
 

4.1.1 Model Construction 
 

Following techno-economic analysis approach was used for the numerical analysis. 
 

Digital value created by the global ICT firms in an IoT society can be depicted as follows: 
 
V = F( X, Ig)                                                                        (1) 

 

where Ig: gross ICT stock = I(ICT stock)+J(internet dependence); X: other production factors. 
Translog (transcendental logarithmic) expansion on the first term: 
 
lnV= p + q lnX+ r lnIg                                                     (2) 

 

where p, q, and r: coefficients. 
 

Ig embodies into X in an IoT society as follows: 
 
X = F(Ig)                    lnX = Px + rxlnIg                                                                (3) 

 
where px and rx: coefficients. 

 

Synchronizing equations (2) and (3): 
 
  

lnV = p + q(Px + rxlnIg) + rlnIg = (p+q�Px) + (q�rx + r)lnIq≡ α + βlnIg                 (4) 

 
where α = p + q�Px,β = q�rx + r. 

V is governed by Ig under the above circumstances. 
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As the Internet permeates into ICT general, Ig increases proportional to gross R&D (see Note). 
 

Ig=I + J  ≈ 
Ri

ρ
 i
+ g

i

 + 
Rj

ρ
j 
+ g

j

 ≈ 
Ri

ρ + g
 + 

Rj

ρ + g
 = 

Ri + Rj

ρ + g
 = 

R

ρ + g
																																									(5) 

 

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

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

					lnV = α + β ln
R

ρ + g
 = α−  β ln ( ρ + g ) + β lnR ≡α' + β lnR       (6) 

 

where α' = α - βln( ρ+ g ). 
 

Thus, digital value is governed by gross R&D in the global ICT firms in an IoT society. 
 

Given the logistic growth nature of ICT, V can be developed by an R-driven logistic growth 
function. 
 

																&	 ≈ 	(()),			+&+) =
,&
,) ∙

+)
+) 	= 	

,&
,) 	= 	-& .1 −

&
/0																																																						(7) 

 

where N: carrying capacity; and a: velocity of diffusion. 
 

Equation (7) develops the following simple logistic growth function (SLG): 
 

																																						V2(R) =
N

1+be-aR
																																																																																														(8) 

 

where b: coefficient indicating the initial level of diffusion. 
 

This function leads to bipolarization as follows: 
 

45678 ≡ 1:
,&
,) = -& .1 −

&
/0 = -/ ∙

1
1 + 1 :⁄ .1 − 1

1 + 1 :⁄ 0 = -/ ∙ :
(1 + :)= 																									(9) 
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�?
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1 − :
(1 + :)@

1
-: =

4
- 5

678 > 0																																												(10) 
 

Digitalization exceeding certain R&D level (R>lnb/a) results in productivity decline. 
 

+ �?�8
+) = 0		 ⇔ 	: = 1	 ⇔ 	) = DE4- 	→ 		) > DE4- 	⇒ 	+

�?
�8
+: < 0																																																				(11) 

 
 
 
 
 

IJ = )J6K + (1 − �)�J6�		-E+			IL = )�6K
� + M , Nℎ5P5QRP5, IJ =

)JS�6K
� + M ,Tℎ5E	N ≫ V − 1, IJ

≈ )J
� + M 

 

 

Thus, lnb/a indicates inflection point. 

Note  ICT stock at time t (where m: time-lag between R&D and commercialization): 
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4.1.2. Data Construction 
 

Utilizing the EU Industrial R&D Investment Scoreboard (EU) and annual reports of ICT firms, data 
necessary for the above numerical analyses for top 500 (by R&D level) global ICT firms over the 
period 2005-2016 were constructed.Table 1 lists the top 70 R&D-intensive global ICT firms in 
2016 and compares their business performance by R&D (R), sales (S), operating income (OI), R&D 
intensity (R/S), profitability (OI/S), and R&D profitability (OI/R).  
 

Table 1. Digital business structure in global ICT firms in 2016 
(Top 70 R&D-intensive ICT firms by R&D level). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note: Amazon is not presented because it did not meet the criteria of top 70 R&D-intensive firms in 2016, as its position 
was 95th. The same applies to GE, Toshiba and Alibaba. 

 

Sources: The EU Industrial R&D Investment Scoreboard [28], Annual reports of ICT firms (annual issues). 
 

4.2 EMPIRICAL ANALYSIS 
 

Based on this analytical framework, development trajectory of global ICT firms over the period 
2005-2016 was analyzed focusing on their productivity decline and countermeasures against it. 
 

4.2.1.Digital Value Representing The Behavior Of Global ICT Firms 
 

It is generally understood that market value, sales and operating income represent digital value 
created by the global ICT firms in an IoT society [21]. While market value is highly subject to 
external factors, sales and operating income represent dynamism inducing firms’ R&D-driven 
(R-driven) countermeasures against the above critical situation. 
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Therefore, by means of equation (6), comparative assessment of the correlation between R&D 
investment and digital value taking sales and operating incomein 2016 was conducted first. Table 2 
summarizes the result of the assessment. 
 
 
Table 2. Comparative assessment of the correlation between R&D and digital value  
in 500 global ICT firms (2016). 

 

ln S = 2.319 + 0.997 D1 ln R + 1.013 D2 ln R + 1.023 D3 ln R + 2.903 Dadj. R20.632 
(4.43)   (15.18)         (12.40)          (9.65)         (13.22) 

 

ln OI = -1.280 + 1.048 D1 ln R + 1.050 D2 ln R + 1.065 D3 ln R + 2.334 Dadj. R20.525 
(-0.18)*  (11.77)          (9.39)         (7.38)           (8.33) 

 

S: Sales, OI: Operating income, R: R&D investment, D1, D2, D3, and D: dummy variables. 
D1: High R&D-intensive firms = 1, other firms = 0. Similarly, D2: R&D-intensive firms = 1, D3: 
Low R&D-intensive firms = 1, and D: Outliers = 1 (see classification of dummy variables in Fig. 
8). 
 

The figures in parentheses indicate t-statistics: All are significant at the 1% level, except * is not 
significant. 
 

Table 2 demonstrates that sales represents R-driven digital value creation behavior in the 500 global 
ICT firms better than operating income.In addition, it suggests that elasticity decreases as R-driven 
development proceeds similar to sigmoid curve in logistic growth.                  
With this result in mind Fig. 8 illustratesR-driven growth in 500 global ICT firms in 2016 
demonstrated by sales increase. 
 

 
 
 
 
 
 
 
 
 

 
Figure8. R&D-driven growth in 500 global ICT firms(2016). 

 

 

 

 

 

Figure8. R&D-driven growth in 500 global ICT firms(2016). 

4.2.2 Specific Features of Global ICT Firms 
 

Based on these findings, in proceeding to further analysis on the development trajectory of global 
ICT firms focusing on their productivity decline, careful consideration was made with respect to 
specific features of global ICT firms. 
 

While digital innovation accelerates logistic growth of global ICT firms induced by logistic growth 
nature of ICT[29], this innovation emerges “mutation” firms with outlying behavior. They are 

16 outliers scattered in D2and D3  

arenot presented. 
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generally newly founded young firms but expand at tremendous pace as demonstrated in Fig. 9 and 

Table 3. 
 

 
 
 
 

 

 

 
 

 
 

Figure9. Emergence of “mutation” firms with outlying behavior(70 global ICT firms in 2016). 
 
 
 
 
 
 
 

 

Figure 9. Emergence of “mutation” firms with outlying behavior (70 global ICT firms in 2016). 
 

 

Table 3 Outlying features of top 5 global ICT firms. 

 
 
 
 
 

 
 

 

 

 

 

 

   The figures in parentheses indicate the year of foundation. 

 

4.2.3. Avoidance of Bias by Gigantic Firms in SLG Estimation 
 

In order to explores a new insight for global ICT firms for their transformative strategy against 
productivity decline, objective state and prospect of productivity and development trajectory of 
global ICT firms general (not certain particular noting firms) should be analyzed not biased by 
particular gigantic “mutation” firms. However, since SLG function depends on fixed carrying 
capacity common to all firms analyzed (see equation (8)) resulting in biased estimate by highest 
development state in gigantic firms. 
 

While Fig. 8suggestsSLGbasedR-driven development trajectory for 500 global ICT firms, it is 
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feared to be biased by several gigantic firms with extraordinary high level of sales such as Apple, 
Samsung and Hon Hai. They share more than Euro 100billion sales in 2016 while majority of 500 
firms belong to the sales level below Euro 60 billion. 
Aiming at avoiding such bias by certain gigantic firms, comparative assessment of the bias of 
gigantic firms in distorting R-driven development of the majority of 500 global ICT firms was 
conducted by treating gigantic firms that may distort such behavior as dummy variable in the SLG 
function. This comparative assessment identifies such gigantic firms which have high variance 
from the general behavior of global ICT firms, and measures the magnitude of that variance, 
without which the highest representation of R-driven development trajectory can be analyzed by 
using SLG function. Table 4  summarizes the result of the comparative assessment. 

 

Table 4. Comparison of bias of gigantic firms in distorting R-driven SLG-based  
sales growth trajectory in majority of 500 global ICT firms (2016). 

 
where N: carrying capacity, a, b, c: coefficients, D: dummy variable (D = 1 for designated outlier firms, 
D = 0 for other firms). 
 

 
 

 

*In addition to the above firms, Amazon and McKesson are included as outliers.  
The figures in parentheses indicate t-statistics: All are significant at the 1% level. 
 

Table 4 indicates that the case C (sales top 3 gigantic firms, Apple, Samsung and Hon Hai distort 
500 global ICT firms’ SLG trajectory most significantly) demonstrates statistically most significant. 
This R-driven SLG-based sales growth trajectory demonstrates better explanation than that of 
operating income growth trajectory as compared with Table 5and supports the view that sales 
represents R&D-driven digital value creation behavior in the 500 global ICT firms. 
 
 

Table 5.  R-driven SLG-based Operating Income Growth Trajectory 
in 500 Global ICT Firms (2016). 

 

 
 

 

 
 

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

 

 



International Journal of Managing Information Technology (IJMIT) Vol.10, No.1, February 2018 

14 

 

4.3. DECLINING TREND IN THE MARGINAL PRODUCTIVITY OF ICT 
 

By conducting the similar assessments, Table 6compares the SLG function in 2005 and 2016.  
 

Table 6. Estimation of development trajectory of the 500 global ICT firmsin 2005 and 2016. 

 
 

 
 

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

Based on the above estimates, marginal productivity of ICT was computed by utilizing equation (9). 
Fig. 10 demonstrates the marginal productivity of ICT in 500 global ICT firms corresponding to 
their R&D expenditurein 2005 and 2016. Fig. 10 demonstrates explicit bi-polarization between 
high R&D-intensive firms (HRIF: D1in Fig. 8) out of 500 global ICT firms and remaining low 
R&D-intensive firms (LRIF: D2 and D3 in Fig. 8). HRIFs have fallen into a vicious cycle between R&D 
expenditure centered by ICT and its marginal productivity, as the former increase results in 
declining the latter. On the contrary, LRIFshave maintained a virtuous cycle, as R&D increase leads 
to marginal productivity increase.HRIFs demonstrates the long tail phenomena [30]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10. Comparison of marginal productivity of ICT in 500 global ICT firms (2005 and 2016). 
 

Looking at Fig. 10, we note that the inflection point from marginal productivity enhance to decline 
shifted slightly higher from EUR 2.0 billion in 2005 to EUR 2.1 billion in 2016, corresponding to 
the increase in R&D expenditure during this period. However, the maximum level of marginal 
productivity of ICT at the inflection point decreased during this period, reflecting the declining 
trend in this productivity in global ICT firms. 
 

Table 7 compares HRIFs that have fallen into a vicious cycle between R&D expenditure and 
marginal functionality of ICT between 2005 and 2016. Numbers of HRIFs have increased 
significantly from 16 in 2005 to 25 in 2016. Given the leading role that R&D intensive global ICT 
firms initiates in the digital economy, this increase also provides an evidence of productivity 
decline in the digital economy stemmed from a trap in ICT advancement due to two-faced nature of 
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ICT. Table 7 also demonstrates such explicit shifts in HRIFs’ business focus as from mechatronics 
(e.g., Siemens, IBM, Hitachi and Toshiba) to network and solutions (e.g., Samsung, Intel, Google, 
Huawei, Apple, Cisco). 
 

Table 7. Comparison of HRIFswith R&D Expenditure in 2005 and 2016. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Order by level of R&D expenditure. 
 
 
 
 
 
 
 
 
 
 

Order by level of R&D expenditure. 
 

* Amazon is included in the list as its market capitalization is conspicuous while R&D investment is 
ranked 95th in 2016. 
 

Table 8 compares contrast of sales growth rate between HRIFs and LFIFs over the period 
2005-2016 which demonstrates that HRIFshave fallen into a stagnation of growth as a consequence 
of productivity decline while LRIFshave maintained sustainable growth. 
 

Table 8. Contrast of sales growth rate between HRIFsand LRIFs(2005-2016) 
-Average of sales growth rate (% p.a). 
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4.4. Countermeasures against Productivity Decline 
 

All these results support the supposition of the two-faced nature of ICT that leads to bipolarization, 
which is one of the critical structural sources of productivity decline in the digital economy. 
 

Confronting such circumstances, HRIFs have been endeavoring to transform into a new business  
model that creates uncaptured GDP spontaneously by harnessing the vigor of soft innovation 
resourcessuch as supra-functionality beyond economic value [31], sleeping resources [32], trust 
[33], utmost gratification ever experienced [34], memory and dream [35], and untapped resources 
and vision [36]as demonstrated in Fig. 11.Majority of such soft innovation resources are beyond the 
GDP counting [37] [16]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11. Transformative direction of HRIFs against productivity decline in the digital economy. 
 

Such transformative direction suggests a new stream of digital solution-driven disruptive business 
model that creates uncaptured GDP spontaneously as illustrated in Fig. 12. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Figure 12. Scheme of the new stream of digital solution-driven disruptive business model. 

 

 

 

 

 

 

This model is essential for 

the sustainable growth in 

the digital economy. Since 

this model effectively 

utilizes soft innovation 

resources majority of 

which are beyond the GDP 

counting, this provides 

insightful suggestion to 

overcome the limitation of 

the GDP statistics in the 

digital economy. 
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5. CONCLUSION 
 

In light of an apparent productivity decline in the ICT advanced countries as a consequence of the 
advancement of the digital economy that reveals the limitation of GDP, structural sources of such 
unexpected decline and countermeasures against the critical circumstances were analyzed. 
  

On the basis of national accounting framework and utilizing the findings obtained from the 
development trajectories of 500 global ICT firms, unknown dynamism creating uncaptured GDP 
and suggestion to improve the GDP statistics for measuring the digital economywere investigated. 
Noteworthy findings include: 
 

(i) Productivity in industrialized countries has been confronted with an apparent decline resulting 
in the stagnation in their GDP growth in the digital economy. 

 

(ii) This can be attributed to a trap in ICT advancement that stems from the two-faced nature of ICT 
resulting in bipolarizing the development trajectories of global ICT firms. 

 

(iii) While relatively low R&D-intensive firms have maintained a virtuous cycle between R&D and 
marginal productivity of ICT increase, high R&D-intensive firms have fallen into a vicious 
cycle as R&D increase results in marginal productivity of ICT decline.  

 

(iv) Such trend has been accelerated as digitalization proceeded and number of vicious cycle firms 
have significantly increased over the last decade. 

 

(v) Confronting such circumstances, high R&D-intensive firms have been endeavoring to 
transform into digital solution-driven disruptive business model by harnessing the vigor of soft 
innovation resources. This transformation leads to spontaneous creation of uncaptured GDP. 

 

(vi) This model effectively utilizes soft innovation resources majority of which are beyond GDP 
counting and provides insightful suggestion to overcome the limitation of the GDP statistics in 
the digital economy. 

 

These findings give rise to the following insightful suggestions for optimal trajectory management 
and improving the GDP statistics for measuring the advancement of the digital economy: 
 

(i) Productivity paradox in the digital economy that reveals the limitation of the GDP statistics in 
measuring the advancement of digital economy should be realized. 

 

(ii) Given the structural sources of a productivity decline leading to such paradox, measurement of 
uncaptured GDP, and efforts against ICT price decrease, should be endeavored. 

 

(iii) Given that leading global ICT firms have been endeavoring to create new survival strategy in 
the face of increasing dependence on uncaptured GDP, forefront of their endeavor should be 
investigated. 

 

(iv) In this context, management system harnessing the vigor of soft innovation resources should be 
further explored. 

 

(v) Based on the above endeavors,attempts to apply such dynamism of harnessing the vigor of soft 
innovation resources to overcome the limitation of the GDP statistics in measuring the 
advancement of the digital economy should be conducted. 

 

This analysis provides new insights for identifying digital solution-driven disruptive business 
model amidst the advancement of the digital economy with productivity decline.  
 

Future works should focus on international and historical reviews of success stories of gross GDP 
management encompassing both captured and uncaptured GDPat the national and industrial levels. 
The development of public policies based on the gross GDP concept should be prioritized. 
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