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Abstract:
This study examines diverse production functions and total factor productivity (TFP) levels of 29
OECD countries by using regional data for the 2003-2013 period and related determinants. First, the
relationship between TFP and capital and that between TFP and labor are negative (-). Second,
communications equipment investment by type has a negative effect on TFP in which
communications capital is considered by type, providing support for the productivity paradox. Third,
imports have a negative (-) relationship with TFP, whereas the degree of openness has a positive (+)
relationship. Finally, the Asian region has a positive effect on TFP, whereas the American region has
the greatest negative effect.
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Ⅰ. Introduction 

With a diverse range of smart devices such as smartphones and tablet PCs actively 
applied to a variety of classes as a result of advances in ICT, smart devices have 
served as an important growth engine at the country level. The global smartphone 
supply rate (per capita) in 2014 was 24.5%, an increase of 19.3%p in comparison to 
that in 2012 (5.2%), when smartphones were launched. Given the PC supply rate of 
20.0%, these figures indicate a high dissemination rate, and ICT products can be 
considered to play an important role as a new growth engine.1  

For such products to be used, the communications environment plays a crucial role. 
Communications environments can be broadly divided into wired and wireless ones 
based on the form or technology. The development of the wired communications 
environment entails a shift from telephone wires (copper) to optical cables, whereas 
the wireless communications environment has evolved toward fast access anytime, 
anywhere through broad bandwidths. The development of these communications 
environments, that is, communications technologies, depends mainly on the use of 
traffic. That is, traffic occurs when people use communications products through 
diverse devices and becomes a criterion for evaluating how many vehicles can pass 
the road and how fast they pass it. Traffic use has increased sharply in recent years 
because of the supply of smartphones. In response, diverse technologies have been 
developed, and the introduction of faster, more stable connections is expected to 
increase service diversity.  

In addition, because of the development and introduction of smart work systems 
that enable people to work anytime, anywhere based on smart devices, diverse 
communications environments, and monitoring systems for diverse production 
processes, ripple effects of communications products on the productivity of all 
industries in a country are expected to gradually strengthen. In particular, the 
development of communications technology enhances not only the continuity of work 
but also its efficiency by reducing the cost of production or management in diverse 
areas, and therefore firms can maximize or enhance profits through cost reductions. 
For instance, in a management context, service or device problems can be 
immediately identified and addressed through real-time management based on 
diverse monitoring tools and communications equipment.2)  

Therefore, before forecasting the impact of the communications industry in future, 
the question of how the growth potential of the communications field has thus far 
affected the productivity of individual countries should be addressed. More specifically, 
the questions of how working environments have been made more efficient by the 
development and supply of communications technologies and what type of value 
added has been created by these technologies in other industries for economic growth 
should be quantitatively addressed. The answers to these questions are expected to 
serve as basic data for determining future communications technology policies and 
market environments.  

This study analyzes the role of communications equipment investment in regional 

                                           

1) Prospective 2015 mobile trend(KT Economic and Business Research Institute, 2015) 

2) The IoT(Internet of Things) can be representatively referred to. The IoT is evolving into a form that fuses 

communication technology with diverse industries and applications to create new added value or services. 
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economic growth. For this, the study proposes a model that enables the estimation of 
total factor productivity (TFP) by employing the economic growth theory of the neo-
classical school and the Solow residual method. The model is designed to analyze 
TFP determinants in the OECD region by reflecting real-world factors such as 
interregional trade, market openness, and the level of purchasing power, including 
variables for estimating TFP as its determinants. That is, communications equipment 
investment is included as a factor TFP determinant with a significant effect on regional 
economic growth to better grasp how this investment affect TFP. This study's variables 
may be entail the potential issue of autocorrelation, and the unit root needs to be 
solved through an empirical analysis using panel data with time series characteristics. 
therefore, panel cointegration tests and empirical analyses are conducted using a 
probability coefficient model.  

 

2. Literature Review 

Advances in ICT have served as a core growth engine in the economy of many 
countries, and therefore many studies have examined the effects of ICT applications 
on productivity. Studies in Korea have generally employed growth accounting as an 
analysis method (Bank of Korea, 2000; Kang, 2002; Oh & Baek, 2005; Kim & Kim, 
2009). The Bank of Korea (2000) reported that the TFP of the ICT industry increased 
sharply between 1994 and 1997 in comparison to before 1994, showing a rate of 
increase of 14.3% over the period. Kang (2002) estimated the capital stock from 1990 
to 1998 and analyzed the accumulation of information capital and the effects of 
information capital on the growth and productivity of the Korean economy and 
estimated the contribution of informationization to the economic growth of the country 
at about 1.19%. Oh and Baek (2005) used the growth accounting method to analyze 
the IT-oriented manufacturing industry and the non-IT manufacturing industry 
separately and suggested no appearance of characteristics of the new economic 
system of the U.S. based on the gradually decreasing rate of increase in TFP. Kim 
and Kim (2009) derived TFP levels of the manufacturing sector and the service sector 
from 1991 to 2006 separately for areas making frequent and infrequent use of ICT and 
found that the areas making frequent use of ICT are more likely to show increase rates 
and less likely to show reduced rates.  

Previous studies have derived TFP regression analysis methods, including Lee 
(2001) and Shin, Lee, and Lee (2004). Lee (2001) estimated the ICT capital stock of 
26 individual industries by using interindustry relationship tables for 1985, 1990, and 
1995, and based on the level of non-ICT capital per laborer as a variable, he conducted 
regression analyses to determine whether high labor productivity levels would appear 
in industries with relatively high levels of ICT capital. He identified productivity levels 
to be higher in industries with higher ICT capital ratios based on panel data but found 
significance only in service-oriented industries, making this a limitation. As in Shin et 
al.(2004), Lee (2004) estimated the ICT capital stock of 27 individual industries based 
on interindustry relationship tables and conducted panel regression analyses to 
determine the ICT capital stock of those industries directly affected the productivity of 
relevant industries and assess whether the ICT capital stock of the industry would 
indirectly affect other industries through interindustry ripple effects. They found 
direct/indirect positive effects on productivity only in the ICT production industry. In 
addition, previous studies have examined the relationship between TFP and ICT 
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based on enterprise data (Shin, Kim & Song, 1998; Park, 2004). First, Shin, Kim, and 
Song (1998) analyzed whether the scale of enterprises' information investment would 
be positively related to productivity, and Park (2004) divided small and medium-sized 
manufacturing enterprises into those with the ratio of R&D investment to average sales 
not lower than 8% and those with the said ratio lower than 8% and compared the 
performance of these enterprise groups, and they found that the former are more likely 
to show superiority in manpower management, R&D costs, employment, technology 
acquisition, and cooperation with other institutions. 

In the case of countries outside Korea, previous studies have analyzed the 
relationship between labor productivity and communications market investment and 
focused mainly on relevant markets. That is, studies have examined the relationship 
between labor productivity and communications market investment within the 
communications market. Kreamer and Dedrick (1994) analyzed the correlation 
between labor productivity growth and IT investment in 43 countries based on CEPII's 
(2003) findings and examined the relationships between capital investment and labor 
hours in the IT industry during the 1996-2000 period, revealing the presence of capital 
investment and a decrease in labor hours. Raul (2009) estimated the ICT capital stock 
of Spain from 1980 and 2000 to analyze the relationship between the ICT capital stock 
and productivity and found these two factors to show the same directivity. Chunhui 
(2014) conducted an empirical analysis of effects of communications investment on 
labor productivity based on 1998-2000 survey data on U.S. enterprises and suggested 
that labor productivity may increase gradually through ICT investment.  

Most of the aforementioned studies used data at the country level and showed 
changes in TFP and the relationships between TFP and the ICT capital stock. In 
addition, because these studies used data from the whole IT industry, they could not 
present the effects of communications investment on TFP as a result of the actual 
economic growth of the country as a whole. Therefore, the present study extends the 
literature by estimating TFP based on the capital stock in the area of communications 
making substantial contributions to GDP to determine the production function and 
analyze TFT determinants. That is, communications equipment investment is 
considered to estimate TFP based on the Solow residual method, and determinants 
of estimated TFP are analyzed to examine the actual relationship between 
communications equipment investment and TFP. In addition, communications 
equipment investment is divided by type, and the question of whether there are 
peculiarities by continent is addressed through a panel analysis. 

 

3. Analysis Model 

3.1. Theoretical Background 

3.1.1. Relationship Between Information and Communications Equipment Investment 
and Productivity 

Advances in ICT have given rise to a diverse range of related products and services, 
and such products and services have accounted for an increasing portion of the 
economy of many countries. Recent studies examining whether ICT can directly 
enhance the TFP of each country have generally found positive correlations between 
productivity and IT investment. In general, the development of ICT is considered to 
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facilitate decision making by increasing the communication speed between objects as 
well as reducing unnecessary costs through the promotion of immediate mechanical 
responses without human users' subjective intervention. However, there is another 
argument that even if IT-related investment increases, TFP (i.e., value added) does 
not increase.3)  

The former argument is related mainly to ICT and can be achieved by preparing 
environments where communication can occur anytime, anywhere through 
technological development and investment that can increase the communication 
speed and environments. The latter argument is related mainly to IT, but IT can be 
efficiently operated only if it is linked to communications technologies. For instance, 
users of products that implement certain programs are humans, and the reliability of 
such products increases only if they have the means to provide information for 
decision making and on current situations to human users. Through this relationship 
between these two arguments, purchases of products or services through ICT 
applications can enhance the efficiency of production in other industries by facilitating 
decision making and removing unnecessary costs even when those products or 
services are not directly used in those industries. 

In addition, recent years have witnessed concepts such as M2M (Machine-to-
Machine) and IoT (Internet of things) being incorporated into products, and this is 
expected to change systems such that decisions can be made and products can be 
produced by products without any human interference in many industries for optimal 
productivity. Although this expectation is an outcome of the process of theorization in 
which ICT has direct positive effects on productivity and the "productivity paradox," 
which stands in contrast to this, also exists. The key point in the productivity paradox 
is that if enterprises invest in ICT, the investment is not directly related to the 
enhancement of productivity but serves as a factor that reduces productivity. To see 
the productivity paradox in terms of time, counterarguments against the positive 
relationship between productivity and IT investment were raised in the 1980s and 
1990s. Major studies include Steven, R. (1987), who pointed out that one of the 
reasons why the rate of increase in productivity turns into actual deterioration is an 
increase in the number of office workers in the service sector and computational 
resources.  

Since the productivity paradox, many studies have found a positive relationship 
between IT investment and productivity (Kraemer & Dedrick, 1994; Dewan & Kraemer, 
1988, 2000; Plice, 2001).4) In the case of Korea, Kim (2002) presented an argument 
against the productivity paradox based mainly on the measurement error hypothesis 
and the time lag hypothesis. The measurement error hypothesis is based on the logic 
that the productivity paradox may occur because the effect of using ICT cannot be 

                                           

3) This is called Productivity Paradox and became an issue between 1980 and 1990. It began from the criticism 

by Solow, R.(1987) who presented Productivity Paradox for the first time that reads, “You can see the computer 

age everywhere but in the productivity statistics.” 
4) Kraemer and Dedrick(1994) showed that there were positive relationships between IT investments and 

increases in GDP and productivity based on data from 12 countries in the Asia Pacific region from 1984 to 1990 

and Dewan and Kraemer(1988, 2000) expanded the initial region consisting of 12 countries to a region consisting 

of 36 countries but could not find any characteristic points in developing countries(they found that IT investments 

had positive relationships mainly with labor productivity). Finally, Plice(2001) analyzed enterprise data centered 

on six industries in 38 countries and found that countries with large IT capitals(mainly advanced countries) showed 

5～8 times higher ROI(Return on Investment) compared to developing countries. 
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measured using existing statistical systems, and the time lag hypothesis is based on 
the logic that productivity cannot be accurately calculated because time lags exist in 
innovation activities to supplement the development of certain ICT applications. Based 
on various studies, the present study assesses the recent situation in Korea in terms 
of the relationship between information and communications equipment investment 
and TFP by using regional data.  

3.1.2. Analysis Model 

The Solow residual method is used to estimate TFP. The Solow residual method 
basically enables the derivation of residuals by estimating the Cobb-Douglas 
production function. In constructing the production function, the following two 
equations with related variables are composed to see how communications equipment 
investment affects TFP as well as the production function based on capital and labor:  

 

Y = 𝐾𝑎𝐿𝑏 (𝑝𝑟𝑜𝑣𝑖𝑑𝑒𝑑 𝑡ℎ𝑎𝑡, 0 < 𝑎 < 1, 𝑏 = 1 − 𝑎),                                 
Eq. (1) 

Y = 𝐾𝑎𝑇𝐾𝑐𝐿𝑏 (𝑝𝑟𝑜𝑣𝑖𝑑𝑒𝑑 𝑡ℎ𝑎𝑡, 0 < 𝑎, 𝑏, 𝑐 < 1, 1 = 𝑎 + 𝑏 + 𝑐).                    
Eq. (2) 

 

In Eq (1), Y indicates real GDP and K and L represent total physical capital and the 
amount of labor, respectively. In Eq. (2), TK(telecommunications capital) represents 
communications capital (communications equipment investment). Communications 
equipment investment here can be divided broadly into total communications 
equipment investment, wired communications equipment investment, and wireless 
communications equipment investment, and these are included in individual models 
for analysis purposes. Then, by converting the concept of the production function into 
that of a production function per capita under the constraint that the production scale 
is constant as a+b=1, abbreviated production functions can be considered as follows:  

 

y = 𝑘𝛼 (𝑦 =
𝑌

𝐿
, 𝑘 =

𝐾

𝐿
) ,                                                            

Eq. (3) 

y = 𝑘𝑎𝑡𝑘𝛽  (𝑦 =
𝑌

𝐿
, 𝑘 =

𝐾

𝐿
, 𝑡𝑘 =

𝑇𝐾

𝐿
) .                                               

Eq. (4) 

 

To obtain TFP through the production functions (3) and (4), a probability coefficient 
model that allows for heterogeneity across regions while considering similarity is used. 
Probability coefficient models are typically used when models that consider only the 
heterogeneity between cross sections are necessary, and Kalman filtering state-space 
models are used when models that consider the heterogeneity between time periods 
are necessary. Because fixed-coefficient models consider probabilistic disturbance 
terms only in the intercept term and probability coefficient models allow for probabilistic 
disturbance terms in both intercept terms and slopes, a probability coefficient model 
analysis is considered suitable when setting an uncertain model. 
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In the case of probability coefficient models, individual regions have different 
coefficients to accommodate differential effects of individual regions. If all the similarity 
and heterogeneity of physical, social, and economic structures across regional groups 
are allowed and individual coefficient values are assumed to be derived from the same 
distribution, then the following equation can be derived: 

 

𝑌𝑖,𝑡 = 𝑋𝑖,𝑡𝛾𝑖 + 𝜀𝑖,𝑡 =  𝑋𝑖,𝑡(𝛾𝑖 + 𝑢𝑖,𝑡) + 𝜀𝑖,𝑡 =  𝑋𝑖,𝑡𝛾𝑖 + 𝑋𝑖,𝑡𝑢𝑖,𝑡 + 𝜀𝑖,𝑡 = 𝑋𝑖,𝑡𝛾𝑖 + 𝜔𝑖,𝑡    Eq. 

(5) 

(provided that 𝜔𝑖,𝑡 = 𝑋𝑖,𝑡𝑢𝑖,𝑡 + 𝜀𝑖,𝑡), 

 

where E[𝜀𝑖] = 0 , and the assumption of E𝜀𝑖𝜀𝑗
′ = 𝜎𝑖𝑗𝛺𝑖𝑗 , allows for the issue of 

heteroskedasticity in residual terms and that of first-order autoregression and time 
series correlation. Then the estimation equations using this can be shown as follows:  

 

ln𝑦𝑖,𝑡 =  ∑ 𝜃𝑖 𝑙𝑛𝑥𝑖,𝑡 + 𝜉𝑖,𝑡,                                                          

Eq. (6) 

𝑇𝐹𝑃𝑖,𝑡 =  ∑ 𝜃𝑖 𝑙𝑛𝑥𝑖,𝑡 + 𝜉𝑖,𝑡 ,                                                         

Eq. (7) 

 

where 𝑦𝑖,𝑡is a value obtained by taking natural logs on the net income of region i; 

𝑥𝑖,𝑡 includes constant terms, capital, labor, and communications capital (total 

communications equipment investment, wired communications equipment investment, 
and wireless communications equipment investment); and 𝜉𝑖,𝑡is a residual term that 

can be regarded as TFP.5) In addition, 𝑇𝐹𝑃𝑖,𝑡 in Eq. (7) are factors that affect TFP 

(Brason & Monoyios, 1977; Baldwin, 1971), including average annual labor hours in 
the relevant region, capital (physical capital, total communications equipment 
investment, wired communications equipment investment, and wireless 
communications equipment investment), and other variables such as terms of trade 
between regions (export and import ratios and the sum of exports and imports by 
OECD countries), purchasing power, and dummy variables for continents.6) 

In estimating a model of nonstatic panel data in which individual variables have a 
unit root, the problem of spurious regression can occur between variables. Therefore, 
the characteristics of individual data should be examined, and panel cointegration 
tests should be conducted to enable a clear understanding of long-term, balanced 
relationships between regional economic growth and variables such as capital and 

                                           

5) To contain the directivity of the reality in which the formation of  communication capitals generally increases, 

in the present study, among the independent variables used in the Solow residual method for obtaining TFP, 

physical capitals and communication capitals were included together to reveal that a limitation exists that there 

may be the problem of multicollinearity among independent variables. 
6) The method that obtains TFP after dividing communication capitals in terms of capitals is an application of 

those models(Mankiw et al.(1992), Islam(1995), Stephen M. and Mukti P.(2000) et a.) that obtain TFP after adding 

human capitals. 
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labor. Pedroni (1999a, b) allowed for the heterogeneity of long-term cointegration 
matrices of individual regions  as well as for that of slopes in all regions . That is he 
conducted panel cointegration analyses mainly for intra-group and intergroup statistics. 
Panel cointegration methods include nonparametric test statistics based on Phillips 
and Peron (PP) aho statistics, nonparametric statistics based on PP t-statistics, and 
parametric statistics based on the augmented Dickey-Fuller (ADF) statistics. 

 

3.2. Operational Implications of Variables 

 

Model 1 is based on abbreviated production functions, Model 2 is based on 
production functions, including total communications equipment investment, Model 3 
includes only wired communications equipment investment from total communications 
equipment investment, and Model 4 considers only wireless communications 
equipment investment from total equipment investment. Based on the TFP levels 
estimated from production functions corresponding to respective models, labor hours 
under the concept of per capita (physical capital, total communications equipment 
investment, wired communications equipment investment, and wireless 
communications equipment investment), and energy consumption scales, R&D 
investment as well as those variables for terms of trade between regions for exports 
and imports and the degree of openness are used to analyze TFP determinants.  

 

Table 1:Product functions and variables for the estimation of TFP 

` Product function for estimating 
TFP 

Variables for a determinant analysis of TFP 

1 f(x)=k, k=K/L  1. Basic variables: capital per person, working time per 
person (for a year), the export ratio, the import ratio, 
trade volume, and PPPs 

2. Total telecommunications investment and basic 
variables 

3. Line (wired) telecommunications investment and basic 
variables 

4. Mobile (wireless) telecommunications investment and 
basic variables 

2 f(x)=k·tk, k=K/L, tk=TK/K  

3 f(x)=k·ltk, k=K/L, ltk=LTK/K 

4 f(x)=k·mtk, k=K/L, mtk=MTK/K 

 

<Table 2> shows the data corresponding to each variable set in the analysis. First, 
the data for the 2003-2013 period from 29 OECD countries (all OECD countries except 
for Luxemburg, Slovenia, Slovakia, Iceland, and Estonia) include no information on 
communications equipment investment. Data on GDP, the formation of total fixed 
capital, the numbers of employees, annual labor hours, and exports and imports by 
region by OECD country are obtained from the National Statistical Office of the OECD. 
Data on communications equipment investment are obtained from Gartner, a global 
communications equipment investment survey firm, and divided into total 
communications equipment investment, wired communications equipment investment, 
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and wireless communications equipment investment for analysis purposes. Dummy 
variables are divided into four regions: Asia, Europe, North America, and Oceania. 
Finally, the variables and data cover the 2003-2013 period, and all level variables are 
actualized based on price levels.  

 

Table 2: Variables and data 

Model Variables Explanations and sources 

Product  

function 

model 

𝑙𝑛𝑦𝑖,𝑡 = ∑ 𝜃𝑖 𝑙𝑛𝑥𝑖,𝑡

+ 𝜉𝑖,𝑡 

𝐺𝐷𝑃𝑖,𝑡 Gross domestic product of OECD countries 

(OECD statistics 2003-2013, web page) 

𝐾𝑖,𝑡 Physical capital of OECD countries 

(OECD statistics 2003-2013, web page)  

𝐿𝑖,𝑡 Economically active populations in OECD 
countries 

(OECD statistics 2003-2013, web page) 

𝑇𝐾𝑖,𝑡 Telecommunications CAPEX (Gartner, 
2003-2013) 

𝐿𝑇𝐾𝑖,𝑡 Fixed telecommunications CAPEX (Gartner, 
2003-2013) 

𝑀𝑇𝐾𝑖,𝑡 Mobile telecommunications CAPEX 
(Gartner, 2003-2013) 

TFP 

determinant 

factor 

model 

𝑇𝐹𝑃𝑖,𝑡 = ∑ 𝜃𝑖 𝑙𝑛𝑥𝑖,𝑡

+ 𝜀𝑖,𝑡 

𝐾𝑖,𝑡/𝐿𝑖,𝑡 Physical capital per capita 

𝐿𝑇𝑃𝑖,𝑡 Hours of work (OECD statistics 2003-2013) 

𝑇𝐾𝑖,𝑡/𝐿𝑖,𝑡 Telecommunications (total, fixed, and 
mobile) CAPEX per capita based on OECD 
and Gartner data 

𝐿𝑇𝐾𝑖,𝑡/𝐿𝑖,𝑡 

𝑀𝑇𝐾𝑖,𝑡/𝐿𝑖,𝑡 

𝐸𝑋𝑃𝑇𝑅𝑖,𝑡 Export ratio (export volume of each country 
to the total export volume of OECD 
countries) 

𝐼𝑀𝑃𝑇𝑅𝑖,𝑡 Import ratio (import volume of each country 
to the total import volume of OECD 
countries) 

𝑂𝑃𝐸𝑁𝑖,𝑡 Trade volume (OECD statistics 2003-2013) 
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𝑃𝑃𝑃𝑖,𝑡 Purchasing power parity (OECD statistics 
2003-2013) 

𝐷𝑈𝑀𝑖,𝑡 Dummy variables for four continents 
(America, Asia, Europe, and Oceania)  

 

4. Empirical Analysis Results 

4.1. Cointegration Test Results 

Many tests are conducted to secure the robustness of models before their analysis 
because most of the variables that explain the models constructed in the present study 
are time series data and there is a need to avoid problems such as a unit root and 
spurious regression. First, a unit root test of the aforementioned models is conducted, 
and the results indicate the presence of a unit root in most cases as a limitation of time 
series data. However, even if there is a unit root in a model, if there are cointegration 
relationships in the model based on cointegration tests, then the model can be used 
as is because the existence of cointegration relationships verifies the existence of 
long-term, balanced relationships in the model. Variables considered in the model set 
to have cointegration relationships can be used as they are without any differences in 
results, and the existence of cointegration relationships indicates the existence of long-
term, balanced relationships between total production, capital (total capital and 
communications capital), and labor in the region.  

For panel cointegration tests, nonparametric test statistics based on PP RHO 
statistics and parametric statistics based on ADF statistics are used. <Table 3> shows 
the results of panel cointegration tests using the model. The results provide no support 
for strong cointegration relationships in the panel data. Although the two statistics are 
not significant, the panel data are considered to have cointegration relationships by 
inference because all PP and ADF statistics are significant. 

 

Table 3:Cointegration test results by model 

 Panel statistics Group statistics 

Panel RHO Panel PP Panel ADF Panel RHO Panel PP Panel ADF 

Model 1 1.4224 -4.0432*** -4.3188*** 3.2136 -7.3017*** -2.8316*** 

Model 2 2.7216 -7.4287*** -3.3200*** 2.1260 -9.2840*** -2.5163*** 

Model 3 1.9163 -4.4653*** -4.0614*** 3.3215 -10.5109*** -2.5338*** 

Model 4 2.2197 -3.7251*** -3.5826*** 4.1763 -15.1920*** -3.4927*** 

1) ***p<1%, **p<5%, *p<10%. 
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4.2. Analysis Results by Model  

The estimation results for the general Cobb-Douglas production function based on 
probability coefficient models are shown in <Table 4>. In the abbreviated production 
functions, capital per capita (total capital, total communications equipment investment, 
wired communications equipment investment, and wireless communication equipment 
investment) corresponds to the level of production per capita. The coefficient of the 
variable for the scale of total capital per capita is significant at the 1% level, and the 
coefficient stabilizes at 0.38. Although communications equipment investment by type 
has a negative (-) relationship with OECD GDP, the relationship is not significant.  

 

Table 4:Production function estimation results 

 Dependent variable: ln(𝐺𝐷𝑃𝑖,𝑡/𝐿𝑖,𝑡) 

Model 1 Model 2 Model 3 Model 4 

ln(Ki,t/Li,t) 0.3830*** 0.3815*** 0.3851*** 0.3803*** 

(26.2888) (22.2559) (23.6787) (23.8586) 

ln(TKi,t/Li,t)  -0.0169   

 (-1.2170)   

ln(LTKi,t/Li,t)   -0.0188  

  (-1.1356)  

ln(MTKi,t/Li,t)    -0.0085 

   (-0.9366) 

Adjusted R-squared 0.6855 0.6499 0.6682 0.6622 

 

Based on the results for production function models 1∼4, their TFP levels are 
estimated using the Solow residual method. The estimated results for TFP levels 
considering determinants such as total communications equipment investment, wired 
communications equipment investment, wireless communications equipment 
investment, differences in trade between regions (ratios of exports and imports and 
ratios of exports and imports of each country to those of the whole OECD), and the 

level of purchasing power are shown in <Table 5>∼<Table 8>. The analysis results, 
including those for dummy variables, are divided into four regions by model and shown 
in <Table 9> through <Table 12>. 
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4.3. Analysis of TFP Determinants 

4.3.1. Determinant Analysis Model 

A. Analysis of TFP Determinants with Capital and Labor 

<Table 6> shows the results for eq. (7) with TFP levels estimated considering only 
basic labor and capital in eq. (6) for effects of individual variables. The basic models 
are analyzed after commonly setting determinants for TFP levels as capital per capita, 
annual labor hours, import scales, export scales, terms of trade, and PPP. The 
following equation is the estimation equation:  

 

𝑇𝐹𝑃𝑖,𝑡 =  𝛽1 ln (
𝐾𝑖,𝑡

𝐿𝑖,𝑡
) + 𝛽2𝑙𝑛𝐿𝑇𝑃𝑖,𝑡 + 𝛽3𝑙𝑛𝐼𝑀𝑃𝑇𝑅𝑖,𝑡 + 𝛽4𝑙𝑛𝐸𝑋𝑃𝑇𝑅𝑖,𝑡 + 𝛽5𝑙𝑛𝑂𝑃𝐸𝑁𝑖,𝑡 +

𝛽6𝑙𝑛𝑃𝑃𝑃𝑖,𝑡 + 𝜉𝑖,𝑡 .                                                                   

Eq. (8) 

 

<Table 7> shows the results after dummy variables are added by region (continent). 
However, because the number of determinant variables has to be limited because of 
limitations in time series data, scales of imports and exports, which are similar to trade 
terms, are excluded to meet the maximum number of determinant variables that may 
be obtained, and continents are broadly divided into Asia, America, Oceania, and 
Europe. In addition, dummy variables are included. Therefore, the estimation equation 
is as follows: 

 

𝑇𝐹𝑃𝑖,𝑡 =  𝛽1 ln (
𝐾𝑖,𝑡

𝐿𝑖,𝑡
) + 𝛽2𝑙𝑛𝐿𝑇𝑃𝑖,𝑡 + 𝛽3𝑙𝑛𝑂𝑃𝐸𝑁𝑖,𝑡 + 𝛽4𝑙𝑛𝑃𝑃𝑃𝑖,𝑡 + 𝛽5𝐷𝑈𝑀𝐴𝑆𝐼𝐴,𝑖,𝑡 +

𝛽6𝑙𝑛𝐷𝑈𝑀𝐴𝑀𝐸𝑅𝐼𝐶𝐴,𝑖,𝑡 + 𝛽7𝑙𝑛𝐷𝑈𝑀𝑂𝑆𝐸𝐴𝑁𝐼𝐴,𝑖,𝑡 + 𝛽8𝑙𝑛𝐷𝑈𝑀𝐸𝑈,𝑖,𝑡 + 𝜉𝑖,𝑡.                  Eq. 

(9) 

 

In <Table 5>, the first rows in Models 1-1, 1-2, 1-3, and 1-4 show data for the 2003-
2013 period; the second rows, for the 2003-2010 period; and the third rows, for the 
2006-2013 period. This is because the analyses are conducted for these periods.7) 
First, for the common characteristics of the first rows by model, average annual labor 

hours and TFP levels show significant negative (-) relationships at the 1∼10% levels. 
The level of purchasing power by      

OECD country has a negative (-) relationship with the TFP level, and the relationship 
is significant at the 1%. These results suggest that every one-unit decrease in average 
annual labor hours per capita in an OECD country produces a minimum of a 0.2622-
unit increase in TFP and a maximum of a 0.5708-unit increase. In addition, every one-

                                           

7) Although dividing the periods not to overlap with each other may produce accurate criteria for review of 

analysis results in more details, since there was a limitation that variables did not sufficiently satisfy the standard 

for variables as the number of variables of the data used in this analysis was 8 at the minimum and 9 at the 

maximum, the analysis was conducted even if some sections overlapped with each other. This is judged to have 

been intended to approach the data  in the total period divided into those in the first half and those in the latter 

half separately to check changes occurred between the two periods. 
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unit decrease in the level of purchasing power in an OECD country produces a 
minimum of a 0.0668-unit increase in TFP and a maximum of a 0.1123-unit increase.  

The relationships between the scale of total capital per capita and the TFP level is 
the same regardless of whether there is communications capital in the model. First, 
when the model includes no communications capital, the TFP level and the scale of 
total capital per capita have a significant negative (-) relationship at the 1% level. When 
communications capital exist in the model, the scale of total capital per capita has a 
negative (-) relationship with the TFP level, but the relationship is not significant. In 
addition, most of the added communications capital by type has a significant negative 
(-) relationship with the TFP level.  

The scale of imports relative to GDP by country has a negative (-) relationship with the 
TFP level, and the data in rows 2 and 3 by model (data divided by period) are 
significant. When the data for the 2003-2010 period and those for the 2006-2013 
period are separately seen, the former show higher sensitivity to TFP. Further, the 
relationship between the ratio of exports to GDP and TFP is not clear (nonsignificant). 
Finally, the ratio of exports and imports by country to total exports and imports of the 
OECD, that is, the degree of openness, has a positive (+) relationship with TFP, but 
most relationships are not significant.  

<Table 6> shows the results for eq. (9) for effects of regions (Asia, America, Europe, 
and Oceania) based on dummy variables. Despite attempts to use all variables in this 
analysis, limitations in the estimation of time series data allowed only for basic 
variables. The estimation results for major variables are consistent with those in 
<Table 5> and generally significant. For the effects of regions, dummy variables and 
TFP levels have negative (-) relationships, and America shows the highest sensitivity, 
followed by Europe, Oceania, and Asia, in that order.  
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Table 5:TFP determinant analysis results (1) 

Variable
s 

Dependent variable: TFP with K and L 

Model 1-1 Model 1-2 Model 1-3 Model 1-4 

03～1

3 

03～1

0 

06～1

3 

03～1

3 

03～1

0 

06～1

3 

03～1

3 

03～1

0 

06～1

3 

03～1

3 

03～1

0 

06～1

3 

log(K/L) 

-
0.107
3*** 

-
0.140
6*** 

-
0.029

3 

-
0.020

4 

-
0.068
5*** 

-
0.018

7 

-
0.052

1** 

-
0.104
4*** 

-
0.052

2** 

-
0.032

5 

-
0.072
4*** 

0.009
1 

(-
5.784

7) 

(-
5.805

6) 

(-
1.372

1) 

(-
0.985

5) 

(-
2.653

1) 

(-
0.776

2) 

(-
2.559

7) 

(-
3.998

6) 

(-
2.368

4) 

(-
1.595

8) 

(-
2.885

4) 

(0.384
5) 

log(LTP
) 

-
0.570
8*** 

-
0.619
8*** 

-
0.455
2*** 

-
0.307

1** 

-
0.331

3** 

-
0.386
2*** 

-
0.515
8*** 

-
0.472
4*** 

-
0.592
8*** 

-
0.265

5** 

-
0.263

0* 

-
0.330

7** 

(-
4.156

1) 

(-
3.841

2) 

(-
3.270

6) 

(-
2.442

2) 

(-
2.181

8) 

(-
2.902

8) 

(-
4.084

7) 

(-
3.120

7) 

(-
4.639

2) 

(-
1.985

5) 

(-
1.667

5) 

(-
2.360

8) 

log(TK/
L) 

   
-

0.067
0*** 

-
0.060
1*** 

-
0.034

2** 
      

   
(-

6.008
2) 

(-
4.427

6) 

(-
2.440

5) 
      

log(LTK
/L) 

      
-

0.082
1*** 

-
0.024

4 

-
0.058
4*** 

   

      
(-

5.479
2) 

(-
1.185

0) 

(-
3.960

9) 
   

log(MT
K/L) 

         
-

0.038
5*** 

-
0.039

5** 

-
0.005

9 

         
(-

5.341
3) 

(-
4.953

9) 

(-
0.576

5) 

log(IMP
TR) 

-
0.099

8 

-
0.242

5 

-
0.221

4* 

-
0.149

9 

-
0.381

7* 

-
0.242

0** 

-
0.099

8 

-
0.303

8* 

-
0.226

9* 

-
0.112

8 

-
0.337

4 

-
0.219

5** 

(-
0.815

8) 

(-
1.400

0) 

(-
1.961

9) 

(-
1.272

6) 

(-
2.268

6) 

(-
2.044

1) 

(-
0.804

5) 

(-
1.758

6) 

(-
1.826

5) 

(-
1.000

5) 

(-
2.114

7) 

(-
2.023

7) 

0.051 - 0.080 0.052 - 0.047 0.048 - 0.014 0.085 - 0.111
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log(EXP
TR) 

9 0.081
1 

3 3 0.187
5 

7 1 0.153
6 

5 5 0.134
7 

3 

(0.494
2) 

(-
0.479

5) 

(0.784
3) 

(0.523
7) 

(-
1.160

5) 

(0.452
6) 

(0.457
0) 

(-
0.923

9) 

(0.132
4) 

(0.884
6) 

(-
0.870

1) 

(1.128
1) 

log(OP
EN) 

0.207
9 

0.489
3 

0.176
7 

0.212
2 

0.706
5** 

0.234
4 

0.189
2 

0.603
2* 

0.276
3 

0.147
6 

0.612
2** 

0.121
8 

(0.935
9) 

(1.456
7) 

(0.840
6) 

(0.996
3) 

(2.185
3) 

(1.070
7) 

(0.842
0) 

(1.813
4) 

(1.205
8) 

(0.721
3) 

(1.988
9) 

(0.602
1) 

log(PPP
) 

-
0.122
0*** 

-
0.095
2*** 

-
0.087
6*** 

-
0.080
1*** 

-
0.067
3*** 

-
0.067
7*** 

-
0.076
8*** 

-
0.062
7*** 

-
0.061
2*** 

-
0.112
8*** 

-
0.089
2*** 

-
0.085
9*** 

(-
6.530

7) 

(-
4.495

4) 

(-
5.090

7) 

(-
6.110

1) 

(-
4.396

4) 

(-
5.150

8) 

(-
5.609

4) 

(-
4.021

1) 

(-
4.599

5) 

(-
6.723

5) 

(-
4.701

2) 

(-
5.294

5) 

Adjuste
d  

R-
squared 

0.613
8 

0.638
8 

0.321
0 

0.521
7 

0.570
1 

0.346
1 

0.621
1 

0.512
5 

0.503
7 

0.525
2 

0.595
4 

0.296
8 

1) ***p<1%, **p<5%, *p<10%. 

2) Figures in parentheses refer to t-values. 

 

Table 6:TFP determinant analysis results (2) 

 

Dependent variable: TFP with K and L 

Model 1-1 Model 1-2 Model 1-3 Model 1-4 

03～13 03～13 03～13 03～13 

log(K/L) 

-0.0917*** -0.0423** -0.0509*** -0.0602*** 

(-6.0141) (-2.4158) (-2.9833) (-3.6016) 

log(LTP) 

-0.3447*** -0.2727** -0.3560*** -0.2285* 

(-2.5980) (-2.1030) (-2.7630) (-1.7116) 

log(TK/L) 

 -0.0514***   

 (-4.4832)   
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log(LTK/L)   

-0.0602***  

  (-4.0330)  

log(MTK/L) 

   -0.0290*** 

   (-3.8553) 

log(OPEN) 

0.1361*** 0.1108*** 0.1167*** 0.1182*** 

(8.8359) (7.2052) (7.5475) (7.5780) 

log(PPP) 

-0.1597*** -0.1217*** -0.1259*** -0.1455*** 

(-8.0467) (-7.5420) (-7.4603) (-7.9227) 

Dum(asia) 

-0.2276 -0.0510 -0.0621 -0.1399 

(-1.0238) (-0.2969) (-0.3416) (-0.6925) 

Dum(america) 

-0.8317*** -0.5652*** -0.5877*** -0.7087*** 

(-3.3795) (-2.9487) (-2.9027) (-3.1610) 

Dum(Europe) 

-0.6839*** -0.4282** -0.4523** -0.5618*** 

(-3.0531) (-2.4496) (-2.4507) (-2.7499) 

Dum(Osean) 

-0.6140** -0.3853* -0.3807* -0.5366** 

(-2.3620) (-1.9095) (-1.7835) (-2.2703) 

Adjusted  

R-squared 
0.4011 0.4035 0.3956 0.4144 

1) ***p<1%, **p<5%, *p<10%. 

2) Figures in parentheses refer to t-values. 

 

B. Analysis of TFP Determinants with Information and Communications 

<Table 7> through <Table 9> show the results for effects of determinants on 
estimated values of TFP based on communications capital. <Table 7> considers total 
communications capital, <Table 8> show the results only for wired communications 
capital, and <Table 9> shows the results only for wireless communications capital. 
According to the results in <Table 7>, TFP has negative (-) relationships with capital 
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per capita, average annual labor hours, and the degree of purchasing power, and 
these relationships are significant. Every one-unit decrease in average annual labor 

hours per capita produces an increase in the TFP level by 0.2677～0.5418 unit, and 

every one-unit decrease in purchasing power produces an increase in the TFP level 

by 0.0778～0.1246 unit.  

Models 2-2, 2-3, and 2-4 consider communications capital and show that total 
communications capital, wired communications capital, and wireless communications 
capital have negative (-) relationships with TFP and that most of these relationships 
are significant. Finally, the scale of imports has a negative (-) relationship with TFP, 
and the degree of openness has a positive (+) relationship with TFP. The results in 
<Table 8> are generally consistent with those in <Table 7>. <Table 9> also shows 
results similar to those in <Table 7> and <Table 8>. <Table 10> through <Table 12> 
show the results for data using dummy variables for effects of regions (Asia, America, 
Europe, and Oceania). These results are consistent with those in <Table 6>. With 
communications equipment manufacturing shifting from Europe, America to China, 
Japan, and Korea in recent decades, Asia has the strongest effect on TFP, whereas 
America has the weakest effect.   

 

Table 7:TFP determinant analysis results (3) 
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Table 8:TFP determinant analysis results (4) 
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Table 9:TFP determinant analysis results (5) 
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Table 10:TFP determinant factor estimation (6) 

 

Dependent variable: TFP with K, L, and TK 

Model 2-1 Model 2-2 Model 2-3 Model 2-4 

03～13 03～13 03～13 03～13 

log(K/L) 

-0.0744*** -0.0423** -0.0428** -0.0557*** 

(-4.9603) (-2.4158) (-2.5265) (-3.3536) 

log(LTP) 

-0.2946** -0.2727** -0.3150** -0.2335* 

(-2.2668) (-2.1030) (-2.4629) (-1.7572) 

log(TK/L) 

 -0.0514***   

 (-4.4832)   

log(LTK/L) 

  -0.0431***  

  (-2.8999)  

log(MTK/L) 

   -0.0187** 

   (-2.4947) 

log(OPEN) 

0.1298*** 0.1108*** 0.1118*** 0.1197*** 

(8.4421) (7.2052) (7.1650) (7.7094) 

log(PPP) 

-0.1610*** -0.1217*** -0.1264*** -0.1474*** 

(-8.2101) (-7.5420) (-7.5579) (-7.9820) 

Dum(asia) 

-0.2067 -0.0510 -0.0559 -0.1418 

(-0.9367) (-0.2969) (-0.3101) (-0.6955) 

Dum(america) 

-0.8160*** -0.5652*** -0.5813*** -0.7185*** 

(-3.3415) (-2.9487) (-2.8949) (-3.1761) 

Dum(Europe) -0.6671*** -0.4282** -0.4468** -0.5698*** 
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(-3.0026) (-2.4496) (-2.4420) (-2.7645) 

Dum(Osean) 

-0.6091** -0.3853* -0.3879* -0.5374** 

(-2.3625) (-1.9095) (-1.8338) (-2.2533) 

Adjusted  

R-squared 
0.3753 0.4035 0.3563 0.3884 

1) ***p<1%, **p<5%, *p<10%. 

2) Figures in parentheses refer to t-values. 

 

Table 11:TFP determinant factor estimation (7) 

 

Dependent variable: TFP with K, L, and LTK 

Model 3-1 Model 3-2 Model 3-3 Model 3-4 

03～13 03～13 03～13 03～13 

log(K/L) 

-0.0856*** -0.0428** -0.0530*** -0.0575*** 

(-5.7219) (-2.4461) (-3.1059) (-3.4769) 

log(LTP) 

-0.3426*** -0.2932** -0.3560*** -0.2410* 

(-2.6207) (-2.2636) (-2.7630) (-1.8193) 

log(TK/L) 

 -0.0423***   

 (-3.7086)   

log(LTK/L) 

  -0.0414***  

  (-2.7700)  

log(MTK/L) 

   -0.0249*** 

   (-3.3474) 

log(OPEN) 

0.1362*** 0.1122*** 0.1167*** 0.1196*** 

(9.0482) (7.3677) (7.5475) (7.7660) 
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log(PPP) 

-0.1637*** -0.1218*** -0.1259*** -0.1487*** 

(-8.2094) (-7.5270) (-7.4603) (-8.0113) 

Dum(asia) 

-0.2231 -0.0456 -0.0621 -0.1383 

(-0.9905) (-0.2645) (-0.3416) (-0.6730) 

Dum(america) 

-0.8417*** -0.5624*** -0.5877*** -0.7190*** 

(-3.3811) (-2.9256) (-2.9027) (-3.1562) 

Dum(Europe) 

-0.6908*** -0.4246** -0.4523** -0.5698*** 

(-3.0491) (-2.4216) (-2.4507) (-2.7454) 

Dum(Osean) 

-0.6188** -0.3745* -0.3807* -0.5366** 

(-2.3523) (-1.8497) (-1.7835) (-2.2337) 

Adjusted  

R-squared 
0.4083 0.3978 0.3774 0.4120 

1) ***p<1%, **p<5%, *p<10%. 

2) Figures in parentheses refer to t-values. 

 

Table 12:TFP determinant factor estimation (8) 

 

Dependent variable: TFP with K, L, and MTK 

Model 4-1 Model 4-2 Model 4-3 Model 4-4 

03～13 03～13 03～13 03～13 

log(K/L) 

-0.0777*** -0.0404** -0.0427** -0.0575*** 

(-5.1392) (-2.2992) (-2.5183) (-3.4408) 

log(LTP) 

-0.2958** -0.2626** -0.3156** -0.2285* 

(-2.2610) (-2.0236) (-2.4666) (-1.7116) 

log(TK/L)  -0.0396***   

06 October 2015, 20th International Academic Conference, Madrid ISBN 978-80-87927-17-5, IISES

371http://www.iises.net/proceedings/20th-international-academic-conference-madrid/front-page



 

(-3.4446)   

log(LTK/L) 

  -0.0513***  

  (-3.4479)  

log(MTK/L) 

   -0.0205*** 

   (-2.7275) 

log(OPEN) 

0.1289*** 0.1091*** 0.1112*** 0.1182*** 

(8.3142) (7.0728) (7.1324) (7.5780) 

log(PPP) 

-0.1589*** -0.1213*** -0.1262*** -0.1455*** 

(-8.1306) (-7.5392) (-7.5470) (-7.9227) 

Dum(asia) 

-0.2068 -0.0498 -0.0545 -0.1399 

(-0.9435) (-0.2914) (-0.3027) (-0.6925) 

Dum(america) 

-0.8077*** -0.5608*** -0.5782*** -0.7087*** 

(-3.3287) (-2.9381) (-2.8814) (-3.1610) 

Dum(Europe) 

-0.6610*** -0.4248** -0.4443** -0.5618*** 

(-2.9938) (-2.4410) (-2.4299) (-2.7499) 

Dum(Osean) 

-0.6076** -0.3893* -0.3890* -0.5366** 

(-2.3721) (-1.9379) (-1.8399) (-2.2703) 

Adjusted  

R-squared 
0.3717 0.3753 0.3637 0.3886 

1) ***p<1%, **p<5%, *p<10%. 

2) Figures in parentheses refer to t-values. 

 

5. Conclusions and Implications 

This study estimates diverse production functions by using regional data for the 
2003-2013 period for 29 OECD countries (all OECD countries except for five with no 
data on communications equipment investment and related determinants) based on 
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the level of TFP obtained through these production functions. First, the estimation of 
production functions is divided into a case in which general capital and labor are 
considered, that in which total communications capital is considered in addition to 
conventional capital and labor, that in which wired communications capital is 
considered, and that in which wireless communications capital is considered. Although 
abbreviated production functions are applied, the results are not significant. Therefore, 
abbreviated production functions are excluded, and general production function 
estimation equations are used. Then the variables influencing the TFP level estimated 
in the four models are set, and the period is divided into subperiods (2003-2013, 2003-
2010, and 2006-2013) to analyze the data. 

The results can be summarized as follows: First, Model 1 through Model 4 show that 
TFP has negative (-) relationships with labor and capital. That is, an increase in labor 
hours per capita reduces productivity, which implies that the gradual development of 
diverse capital and the enhancement of the efficiency of technologies that constitute 
capital are changing the working environment into that in which productivity can be 
enhanced without increasing labor hours. In addition, given the tendency of 
employees' working hours to decrease, production environments are changing into 
those in which TFP can increase even when working hours decrease. In addition, this 
can be interpreted as the gradual enhancement of the qualitative level of labor through 
education such that the quality of labor increases in terms of the production of value-
added products. In terms of capital, the economic structure of subject countries has 
become such that TFP cannot increases any further even if capital increases because 
OECD countries, which are advanced countries, have already achieved the maximum 
production scale.  

Second, across all industries, communications equipment investment has a negative 
relationship with TFP regardless of the type of communications equipment investment. 
Therefore, communications equipment investment has attributes of intermediary 
goods and requires additional technological growth and time to be used as goods that 
can create value added. If TFP can be interpreted as value added (products minus net 
labor and capital), then communications equipment investment per se may increase 
value added, and this can be interpreted as providing support for the productivity 
paradox in the IT context. The first reason is that, although communications equipment 
investment per se has considerable influence on the provision of communications 
services and communications devices by inputting capital and labor in many industrial 
areas, the technological level and marketability necessary to create new value added 
by using such services and products have yet to be secured, and communications 
products are provided only as final goods. 

Third, given that imports and the degree of openness have negative (-) and positive 
(+) relationships, respectively, with TFP, most of the OECD countries are dependent 
more on imports than on exports because their income levels are high, and imports, 
not exports, have a negative (-) relationship with TFP. In addition, this indicates that 
an increase in the degree of openness changes the environment into something in 
which TFP can increase gradually through the transfer of diverse production elements. 
Fourth, Asia has a strongest positive relationship with TFP, whereas America has a 
strongest negative relationship. Given that goods and services are produced using 
capital and labor, this suggests that not America but Asia, which has many 
intermediate countries and developing countries, has a more efficient environment 
when it is combined with communications capital.  

06 October 2015, 20th International Academic Conference, Madrid ISBN 978-80-87927-17-5, IISES

373http://www.iises.net/proceedings/20th-international-academic-conference-madrid/front-page



This study has a limitation in that the scale of communications equipment investment 
is used as a proxy for communications capital when production functions are estimated 
and determinants are analyzed. That is, the study fails to construct stocks of perfect 
concept. In addition, another limitation is that the scale of communications equipment 
investment is surveyed with major firms in OECD countries and therefore the results 
are not generalizable to the full range of communications equipment investment in 
relevant countries. In addition, because total capital and communications capital are 
included in the models, there is a potential issue of multicollinearity. Further, because 
the development and diffusion of communications technologies have occurred over a 
relatively long period of time, that is, because of the difficulty in securing time series 
data, the study does not provide a diverse range of analyses. Nevertheless, the results 
are meaningful in that the data are analyzed according to the purpose of the study by 
using the scale of investment of major communications firms for the OECD region and 
the data are set as proxy variables for meaningful conclusions through this process.  
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