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Abstract 
This study presents empirical evidence among the predictor variables of for-
eign direct investment (FDI), energy investment, official development assis-
tance, and gross domestic product (GDP) which have a bearing on the growth 
of high technology exports in the Philippines. Data sets of indicators used in 
the study had been downloaded from the World Development Indicators 
website covering the period 1991-2016. The data were processed and analyzed 
utilizing the symbolic regression analysis through machine learning, the Nu-
tonian Eureqa Desktop. The results of the study revealed that foreign direct 
investment and official development assistance have significant contributions 
to the development and manufacture of export-driven commodities classified 
by the Organization of Economic Cooperation and Development as high 
technology exports. On the other hand, the gross domestic product has a 
negative impact while energy investment has no contribution to exports de-
velopment at all. Further, the results likewise demonstrated that strong causal 
relationships between high technology exports and the variables evidenced by 
a very high R2 goodness of fit of 0.82 signifying 82% of variations in high 
technology exports could be explained by the predictor variables included in 
the transfer. The study concluded that two relevant information was ob-
tained. First, the indicator of official development assistance is only suitable 
in the short run period. Second, the gross domestic product will continue to 
decline if continuous trade deficit pervades in the long run period. 
 

Keywords 
Foreign Direct Investment, Symbolic Regression, Causal Relationships,  
A Trade Deficit 

 

1. Introduction 

High technology exports comprise of products with top research and develop-
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ment intensity, such as in aerospace, computers, pharmaceuticals, scientific in-
struments, and electrical machinery classified both by the World Bank and the 
Organization for Economic Cooperation and Development. In this age of infor-
mation technology and globalization, high technology exports are fast becoming 
one of the key players in the rapid growth of the economy of a particular nation. 
Seyoum (2015) [1] claimed that in the future high technology products would 
become the primary attribute in the creation of wealth, accelerated growth in top 
exports, higher standards of living, economic growth and development. The 
main purpose of undertaking this study was to examine the determinants of high 
technology exports in the Philippines. It is on the assumption that the sets of in-
dicators comprising of foreign direct investment, gross domestic product, energy 
investment, official development assistance, and foreign direct investment 
played significant roles in transitioning the country toward economic growth 
and emergence. Anderson and Ejermo (2008) [2] and Kato (2015) [3] ascer-
tained that both knowledge and technology are the critical, essential components 
in the production of high-quality technology-intensive products geared for dis-
tribution in domestic and international markets. The exports of manufactured 
goods are also observed sensitive to exchange rates in countries and territories 
like Japan, Hong Kong (China), Korea, China and Taiwan Province (Kato, 2015) 
[3]. Competitiveness coupled with research and development expenditures 
should be sufficient and viable enough to establish the level of the technology 
infrastructure (Porter, 1990) [4] of a particular country desiring to embark in the 
manufacture of export-oriented goods (Ege, A., and Ege, A.Y., 2017) [5] in order 
to acquire strong competitiveness (Alemu, 2013) [6] and to become a significant 
player in the global trade (Zeng, M., 2000, Liu, X.J., 2007, Han, Y.C., 2010) [7] 
[8] [9]. Porter (1990) [4] also observed that government plays a significant role 
in the pursuit of excellence in the technology infrastructure by way of deregu-
lating industries, continuously encourage sustained investment in human capi-
tal, innovation, and physical assets. The government likewise should support in-
tense local rivalries of competing industries as a stimulus to the creation of 
competitive advantage. A country having a competitive advantage in the pro-
duction of a particular good will have an edge in the global market. 

Investment in energy projects with private participation covers infrastructure 
projects in energy (electricity and natural gas transmission and distribution) that 
have reached financial closure and directly or indirectly serve the public. Mova-
ble assets and small projects such as windmills are excluded. The types of 
projects included are operations and management contracts, operations and 
management contracts with significant capital expenditure, greenfield projects 
(in which a private entity or a public-private joint venture builds and operates a 
new facility), and divestitures. Investment commitments are the sum of invest-
ments in facilities and investments in government assets. Investments in facili-
ties are the resources the project company commits to invest during the contract 
period either in new facilities or in expansion and modernization of existing fa-
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cilities. Investments in government assets are the resources the project company 
spends on acquiring government assets such as state-owned enterprises, rights to 
provide services in a specific area, or the use of specific radio spectrums. 

Official development assistance (ODA) is a measure of grants, aids, and loans 
offered by the thirty member-countries of the Organization for Economic Co-
operation and Development to the various recipient-developing countries. ODA 
is widely used as an indicator of international aid flow although it includes some 
loans. It needs to contain the three elements: the assistance is undertaken by the 
national governments, with the main purpose of promoting economic develop-
ment and welfare and concessional financial terms for loans having a grant 
component of not less than 25%. Gross domestic product (GDP) is the market 
value of goods and services produced within a country in a selected interval in 
time, often a year (Leamer, 2009) [10]. GDP also represents the capstone and 
grand summary of the world’s best system of economic statistics (Anderson, 
1993) [11]. The calculation of the GDP can be viewed in three different ap-
proaches comprising of the production approach sums the “value added” at each 
stage of production. Value added is defined as total sales minus the number of 
intermediate inputs into the production process; the expenditure approach adds 
up the cost of purchases made by final users, and the income approach sums the 
incomes generated by production. GDP in a particular country is usually calcu-
lated by the national statistical agency, which compiles the information from a 
large number of sources. In calculating for the GDP, most states follow estab-
lished international standards contained in the System of National Accounts, 
1993, maintained by the International Monetary Fund (IMF), European Com-
mission (EC), Organization for Economic Cooperation and Development 
(OECD), the United Nations (UN), and the World Bank (WB) (Calen, 2008) 
[12]. Olson et al. (2014) [13] confirmed by applying simple and multiple regres-
sion models both gross domestic product and export of merchandise were ob-
served to be indeed significantly related in the year 2011. Similarly, Khan et al. 
(2012) [14] suggested trading will be a significant contributor to the robust 
economy of a country. Foreign direct investment pertains to direct investment 
equity flows in the host economy. It is the total of equity capital, reinvestment of 
profits, and other wealth. It includes mergers, acquisition, reinvesting profits, 
building new facilities and joint venture undertakings. Besides, the investor has 
to own 10 percent or more of the voting stock to have a controlling interest. Ac-
cording to the World Bank, direct investment is a type of cross-country invest-
ments linked with local businesses in one country having significant degree of 
influence on the management of an enterprise that is resident in another econ-
omy. It excludes investment through the purchase of ordinary or preference 
shares. The World Bank also estimated in 1999 countries like Malaysia and the 
Philippines, accounted a combined high technology export of 59% based on the 
total manufactured goods in that particular year compared to the total output of 
the United States which account only for 35%. Issues reflecting on the contribu-
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tion of the inward foreign direct investments included technology spillovers 
(Marin, et al., 2006) [15], developed financial system (Branstetter, 2006, Hermes, 
et al., 2003) [16] [17], capital accumulation and output productivity (De Mello, 
1999) [18], and transfer of technology (Borensztein, et al., 1998) [19]. Many of 
the results suggested FDI is an essential vehicle for the removal of technology, 
relatively contributed more to growth than domestic investment. However, the 
higher productivity and economic growth fostered by FDI can only be realized 
when the host country has a minimum threshold stock of human capital and 
availability of sufficient absorptive capability of the advanced technologies of the 
recipient economy. 

Meanwhile, the manufacture of high technology goods coupled with the utili-
zation of alternative energy resources such as solar, water and wind energy gen-
erally reduce consumption of energy. Additionally, firms engaged in the manu-
facture of export-driven products are now adopting the use of alternative ener-
gies to reduce carbon emissions. In reality, however, the contribution of the ag-
gregate amount of high technology exports comprises only a minimal share of 
the gross domestic product.  

However, many of the related researches undertaken focused merely on the 
overall export performance relative to economic growth (Epaphara, 2016, Olson, 
et al., 2014, Liu, et al., 1998) [13] [20] [21]. Literature regarding high technology 
exports was conducted either for developed countries or selected developing 
countries (Seyum, 2005, Kato, 2015, Bhatt, 2013) [1] [3] [22] including the Phil-
ippines were relatively recent. Bhatt (2013) [22] found out foreign direct invest-
ment is a significant variable of export indicating a 1% increase in the inflow of 
foreign direct investment will lead to at least 0.25% increase in exports within a 
one-year time gap with expected gains of both indicators in the long run. Argua-
bly, the country experiences a recurring negative trade balance for many years, 
and this is the very reason this paper attempted to examine the relevant ma-
croeconomic indicators in determining the growth of high technology exports of 
the country for the period 1991 until 2016. This will be assessed utilizing the 
symbolic regression. As recommended by Moreno-Sanchez et al. (2015) [23], 
symbolic regression (SR) is arguably a new methodology in building a statistical 
model having its roots in the so-called Genetic Programming. It includes sum-
marizing an algorithm for an automated generation of mathematical expressions 
in the form of Y = f(x) to fit a set of data investigated. Accordingly, the symbolic 
regression offers some advantages over the standard regression methods like 
multiple linear regression where Eureqa Nutonian Desktop software can manage 
in running a search process of potential models while simultaneously evaluating 
each of them in various criteria finding a model with satisfactory predictive ac-
curacy. 

2. Theoretical and Conceptual Framework 

Contemporary studies provide dimension as to why countries engaged in high 
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technology exports consistently sustain balanced economic growth. Based on the 
related searches there were two determinants contributing to high technology 
exports namely gross domestic product and foreign direct investment (Bhatt, 
2013) [22].  

Porter’s (1990) [4] diamond theory examined the competitive advantage of 
nations using a set of variables: gross domestic product, investment in energy, 
official development assistance and inward foreign direct investment which sig-
nificantly influence the development of high technology exports in a particular 
country. Accordingly, the nation’s competitiveness largely depends on the ca-
pacity of industry to create, redefine, innovate, and upgrade the production of 
high-quality products ready for distribution at the domestic and international 
markets. Porter postulated the sample of nations and industries included in the 
study offered a rich empirical basis for developing and testing the new theory of 
how countries gain competitive advantage. To achieve this goal, countries, 
therefore, must move beyond the traditional neo-classical concept of compara-
tive advantage to a competitive edge globally.  

Schumpeter’s (2017) [24] theory of economic growth argued that business 
cycles are inevitable in a developing economy due to the uncertainties of eco-
nomic booms and recessions. It is becoming a recurring phenomenon that can-
not be easily removed nor corrected unless the government intervenes. This 
theory emphasized the creation of new wealth or resources through innovation. 
Recessions are becoming cyclical in the long run; hence, the need to produce 
new products that are highly in demand and competitive in the market. The 
theory also cautions recessions are the price a nation pays for long term eco-
nomic growth leading to the so-called unnecessary setbacks and damages to the 
economy.  

Rostow’s (1959) [25] stages of growth theory postulated economic growth oc-
curs in five primary linear stages of varying length and time starting from a tra-
ditional society, setting the preconditions for takeoff into self-sustaining growth, 
moving into the drive to maturity and the final stage which is the age of mass 
consumption. Todaro (2015) [26] however thought this as a highly partial theory 
about modern history. It was argued that while the developed countries had all 
passed the takeoff into self-sustaining growth, developing countries on the other 
end were still lagging either in the traditional society or the preconditions for 
takeoff and had to follow a specific set of rules of development to takeoff trans-
forming them into self-sustaining growth. Foreign direct investment, official 
development assistance, gross domestic product, energy investment are few of 
the economic indicators precursor to this 3rd stage of economic growth. 

The above diagram (Figure 1) establishes the linkage among the critical va-
riables of HTE. It is hypothesized the variables of foreign direct investment, offi-
cial development assistance, energy investment, and gross domestic product sig-
nificantly contribute to the sustained growth of high technology exports in the 
country, assuming all other things are held constant in the short run period.  
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Figure 1. The theoretical and conceptual framework of the study. 

3. Data and Methodology 

The high technology export model utilized in this study is given by: 
HTE = f(FDI, ODA, EI, GDP) where: 
FDI = foreign direct investment 
ODA = official development assistance 
EI = energy investment 
GDP = gross domestic product 
This model assumes the dynamics of growth of high technology exports are a 

function of the nation’s inward foreign domestic investment, official develop-
ment assistance received from different bilateral and multilateral agreements, 
investment in various sources of energy development and the gross domestic 
product.  

This study utilized the available dataset obtained from the World Develop-
ment Indicators site of the World Bank covering the years 1991 until 2016. It 
employed an exploratory data analysis using a symbolic regression exploring 
new information, significant relationship, expand or substantiate existing know-
ledge, and undertake prediction. The data gathered were processed with the aid 
of a machine learning, the Nutonian Eureqa Desktop version 1.24.0.9367 under 
academic license.  

The following model definition is being proposed: 

( ) ( ) ( ) ( )( )1 , 2 , 3 , 4yhte f x fdi x gdp x ei x oda=  

where, high technology export is calculated as a function of (x1) foreign direct 
investment, (x2) gross domestic product, (x3) energy investment, and (x4) offi-
cial development assistance. 

Further, to arrive at consistent results, the variables were standardized with 
the use of statistical software. Using the Nutonian Eureqa, Desktop the target 
expression set in the symbolic regression and the first options containing several 
formula building blocks already selected by default. Besides, the new formula of 
sine, cosine, and natural logarithm was checked to conform to linear statistical 
models. The default error metric was set to absolute error. 

4. Results and Discussion 

Figure 2 shows a general upward trend of high technology exports for the period  
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Figure 2. Time series plot of the response variable (Source: Eureqa Nutonian Desktop). 
 
1991-2016. The blue dots represent the actual values of the variable during the 
past 26 years. The red line, on the other hand, describes the predicted value of 
high technology exports over time. The graph meanwhile manifested both the 
dots and the continuous line will reach to convergence at a certain point in the 
future. It also demonstrates stronger causal relationships among high technology 
exports and the related macro-economic variables of the country in the long run. 
If the country continues to manufacture high-quality goods both for domestic 
consumption and exports all other things are held constant, more foreign direct 
investments will flow into the country which will create additional jobs to quali-
fied job seekers—highly skilled and semi-skilled bringing unemployment rate at 
its acceptable level. As determined in previous studies lower unemployment also 
intensifies the consistent growth of the country’s economy (Fuchs, 1980, Islam, 
2004, Sodipe and Ogunrinola, 2011, Misztal, 2010 and Wu, 2011) [27] [28] [29] 
[30] [31]. The massive drop in the high technology exports in 2011 presented in 
the graph was aggravated by bad weather, weak global demands of electronics, 
and delays in government spending. As reported by the Center for Research on 
the Epidemiology of Disasters, 33 natural disasters struck the country in this 
particular year alone. Typhoon Sendong and other natural disasters that ravaged 
the different parts of the country caused over 26 billion economic losses and af-
fected livelihood and income of 3.5 million families. Lower demand for elec-
tronic exports was also affected by the massive earthquakes and tsunami in Ja-
pan, and the very severe flooding in Thailand, a primary source of automotive 
parts and units. Since Philippine exports were very concentrated in just a single 
sector, this was severely hit by the global slowdown (the National Economic De-
velopment Authority 2012); thus, a considerable drop in exports was accounted 
in this particular year. 

Table 1 which presents the best mathematical model suggested by the soft-
ware has R2 goodness of fit of 0.82 signifying 82% of the variation in high tech-
nology exports can be explained by the predictor variables included in the trans-
fer function. Of the four identified independent variables consisting of foreign  
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Table 1. Selected solution generated from the Pareto Front. 

MODEL R2 
Mean Squared 
Error (MSE) 

Number of 
Coefficients 

Error  
Complexity 

hte = a + b*oda + c*fdi*oda + 
d*oda3 − e*gdp2 − f*oda2 

0.82 0.17151889 6 Low Low 

 
direct investment, energy investment, official development assistance, and gross 
domestic product, the variables of gross domestic product and energy invest-
ment were observed as not directly significant contributors to the growth of high 
technology exports. This finding contradicted to the earlier results of Olson et al. 
(2010) [13], Istaiteyeh and Ismail (2015) [32] suggesting a positive correlation 
existed between gross domestic product and exports. Although common know-
ledge dictates that growth in exports contributes positively toward economic 
growth (Bilas et al., 2015, Xu, 1996) [33] [34] ascertained there is little evidence 
supporting a causal link between exports and outputs. Accordingly, previous 
studies also claimed an increase in exports led to a significant increase in gross 
domestic product. 

Model Developed 
3 2 23.49 0.712 0.578 0.332 0.167 1.75hte oda fdi oda oda gdp oda= + + + − −  

In this particular model, it can be understood that high technology exports are 
primarily a function of foreign direct investment (FDI) and official development 
assistance (ODA) especially during the initial stage of developing high-end 
products and goods precisely on short-run. It has to be noted that in the long 
run and the country has already taken off the production of export-driven con-
sumer products and commodities based on research and development thereby 
reducing the need to avail for any additional official development assistance in 
the form of grants and soft loans. The gross domestic product (GDP) on the 
other hand has a negative bearing due to the trade deficit experienced by the 
country for several years. While official development assistance provides loans 
with cheaper interest, the ODA availed by the state from various development 
partners such as Japan, World Bank, and OECD member countries is for infra-
structure, social reform, and community development, respectively. Interesting-
ly, the production of high technology exports no longer require a large amount 
of energy perhaps due to the advancement in technology as far as manufacturing 
processes are concerned. On the other hand, traditional production processes 
such as the manufacture of steel, cement, oil and the like will continue to con-
sume a large number of energy requirements. 

The scatter diagram presented in Figure 3 is unable to display a robust posi-
tive relationship since the two variables of gross domestic product and energy 
investment have no positive functional attributes to high technology exports. 
Additional increase in inflows of foreign direct investment and official develop-
ment assistance in the production and subsequent distribution of high technol-
ogy exports will also increase as well. If both indicators of gross domestic product  
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Figure 3. Scatterplot of high technology exports and variables (Source: Eureqa Nutonian desktop). 

 
and energy investment contribute to the production of goods for shipping 
abroad, a perfect positive correlation would have been attained. This result is 
further validated by the sensitivity analysis presented in Table 2. 

The sensitivity report indicates a 100% positive indicating increasing this va-
riable will directly increase the target variable. As discussed earlier, the official 
development assistance accounts for only 20% positive for the simple reason in 
the long run, availing of such aid will reduce gradually. The gross domestic 
product incurred a 100% negative impact as a result of the trade deficit. As ex-
pected, when exports are higher than imports, a trade surplus will be achieved 
that would significantly contribute to an increase in the nation’s outputs. 

Overall, the model generated likewise is found to have high adjusted R-squared, 
high correlation coefficient and low mean absolute error. It indicated the pre-
dicted variables of foreign direct investment and official development assistance 
showed the combined positive magnitude based on the sensitivity analysis. High 
technology exports were significantly dependent on the two predictor variables. 
Moreover, increases in these variables lead to improvements in the target varia-
ble, generally indicating how significant the positive impact was. If the trend re-
sults continue to generate a positive outlook for the Philippines in the long run, 
the country will become better off in terms of holistic economic growth and de-
velopment. Porter’s (1990) [4] diamond theory which proposed the establish-
ment of a framework for development likewise suggested the integration of 
highly skilled human capital, resource endowment, innovation, and capital in 
the national development plan and agenda of a particular country. In the ab-
sence of a single component, any development efforts will lead to nowhere. As in 
the case of the Philippines, the nation has been lethargic for decades and was of-
ten labeled as the “sick man of Asia”. It cannot be argued that increased produc-
tion of goods geared for domestic and export will reduce the likelihood of un-
employment. Hence, policymakers should be sensible in developing agenda and  
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Table 2. Sensitivity analysis results of the target variables. 

Variable Sensitivity % Positive 
Positive 

Magnitude 
% Negative 

Negative 
Magnitude 

ODA 1.1985 20% 1.1829 80% 1.2024 

FDI 0.77774 100% 0.77774 0% 0 

GDP 0.52227 0% 0 100% 0.52227 

Source: Eureqa Nutonian desktop. 

 
policy instruments with a focus on research and development that will bring the 
country towards continued sustained growth and prosperity. 

5. Conclusion 

There are two relevant facts obtained in this particular study. First, official de-
velopment assistance is suitable only in the short-term not on the long term ba-
sis. Hence, inflows of this indicator should be channeled into the creation of in-
novative programs and activities rather than focusing on the development 
projects. Second, the gross domestic product continues to decrease if consumers 
spend more on buying and consuming foreign goods rather than patronizing 
goods sold by local producers. As such, there is a continuing need to educate 
consumers on the impact of the trade deficit. Foreign direct investment and offi-
cial development assistance are two important macroeconomic indicators ne-
cessary for the full development of goods classified as high technology efforts. It 
is pervasive that over the years, the country suffered a significant setback in 
global trade due to continued trade deficits detrimental to the nation’s economy 
as this likewise increases in foreign debt. Economists, however, agree that trade 
deficits are sustainable as long as it does not exceed 3% of the nation’s gross do-
mestic product (GDP) in the long run. The world is now increasingly migrating 
into industry 4.0 and to be able to keep at pace with the recent development po-
licymakers who have to put more teeth in the creation of wealth through inno-
vation. Initially, it requires a comprehensive development planning participated 
by the academe, the industry and relevant sectors. Finally, the use of symbolic 
regression (SR) will offer unbiased statistical results in future research. 
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