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Abstract 
 
The recognition that the economic growth and development are strongly influenced by the 
level of productivity and its progress leads us to research the factors that are determining it. 
Since the economic development is a broader term than economic growth, and is affecting a 
wider scale of aspects that contribute to the well-being of population, it is important to 
consider the side effects of it even though they might not be traditional economic categories 
that we try to enhance. After exploring the various sources of economic growth we underline 
the technology factor as one of the most important ones, especially due to the advancements 
of information technology. In this regard we identify the field of data science and 
development of the machine learning algorithms as one of the most promising sources of 
sustained economic growth in the near future. The commoditization of this technology will 
enable easier proliferation in many more areas of economic activity which should increase the 
potential for economic growth even further. To illustrate that the barrier to such technologies 
has already been lowered, an example of application of machine learning algorithm is 
described.  
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1 Introduction 
 
The underlying premise of economic growth is that its outcome should benefit the majority of 
the population (and at least does not diminish it for the rest). Since the term “growth” is 
frequently used in connection with “development” it is implied that the impact does not 
include purely economic categories, but also things like general public education, safe 
environment, freedom, health, equity, etc. (Soubbotina, 2004, pp. 1-2). Numerous research 
endeavors have demonstrated strong correlation between these two groups of categories, 
although the rate of inequality should also be considered (Barro et al., 2003, pp. 10-11). The 
complex intertwinement of several factors of economic growth (i.e. natural, human, physical, 
technological and institutional) makes it difficult to isolate the most defining one, especially 
since they vary from region to region (Kokming, 2017). The basic approach would be to take 
into account Adam Smith’s recognition of the productivity as the key force (Thirlwall, 2002, 
pp. 3) of economic growth. And various papers have singled out the advancement of 
technology as the primary cause for the increase of productivity, what is especially evident in 
the last century and even more so in the last few decades. (Ark et al., 2000, pp. 2). In the 
following chapters, we will try to define the sources of economic growth, and describe the 
role of technology. 
 
2 Sources of economic growth 
 
Due to the intrinsic nature of economy, which evolves as a result of various forces, which are 
all interdependent, it is difficult to delineate the exact effect of specific factors. The circular 
causation that is showing up in those processes, and the absence of clear direction of this 
evolution makes it even more challenging to base predictions for the future on the economic 
developments of the past (Myrdal,1957, pp. 12–13). Nevertheless, the main categories that are 
having an impact on the economic growth are natural, human, physical, institutional and 
technological factors (Kokming, 2017). 
 
Even though service economies are less and less dependent on the natural predispositions of 
the region of their activity, their productivity and economic growth are still undoubtedly 
affected positively or negatively by them. Efficiency of the usage of those natural resources 
can certainly vary greatly between the countries and the regions, so there are examples of 
countries that are quite limited by those resources but are able to do more than make up for 
them either through their ability to use them more efficiently or by being able to obtain them 
from abroad. 
 
The next factor that contributes to economic growth is the human factor, and in the most 
basic form the quantity and the quality of labour directly affects the economic growth. If the 
population is larger it has more workers, companies and consumers that can sustain more 
industries, which have it easier to achive economies of scale and consequently be more 
efficient. Growing population should therefore spur the economic growth automatically, but it 
is equally if not more important for the economy to have efficient labor force. Its efficiency is 
determined by its knowledge, training, skills, creativity and entrepreneurship, obtainment of 
which can be encouraged or discouraged by the society (i.e. exclusion of women from 
education directly diminishes the potential efficiency of the labor force in some countries; 
there are also great differences between countries and regions regarding the entrepreneurship 
and its standing in the society – it can either praise entrepreneurial attempts of its members or 
discourage them from such activities). In this regard it should be stressed that the education as 
a primary vehicle to higher efficiency of human factor is important also as a key force of 



Enhancing economic growth with statistical and machine learning methods 
 

 

 

The 12th IRDO International Scientific Conference SOCIAL RESPONSIBILITY AND CURRENT CHALLENGES 2017:  
Value added as Business Information from the View of Social Responsibility, 28 September 2017, Maribor, Slovenia, EU 

 

 

economic development in a wider sense. Education enables individuals to expand their scope 
of possible economic and social choices, thus leading to better and more sustainable society 
regardless of the cycles of economic activities, technological disruptions and other volatilities. 
 
The third factor that affects economic growth is physical capital. To take advantage of 
increased human factor efficiency the physical capital should not only grow proportionally to 
the eventual growth of the labor force, but should surpass it. This capital’s deepening (which 
happens when there is an increase in physical capital to each worker in the economy) can 
consequently enable the human capital to apply advanced know-how more productively. The 
level of accumulated capital that is available is therefore a significant determinant of the 
future economic development. 
 
Institutional factor encompasses various elements that shape the ability of the economic 
subjects to undertake the activities that result in increased economic growth and development, 
such as efficiency of financial sector, judicial system, education system, health care, political 
stability and infrastructure. An important part of the success of developed economies can be 
attributed to the well evolved and efficient financial services which facilitate realization of 
entrepreneurial and other business ventures by combining available resources (savings) with 
the need for capital (investments), thus lowering costs and friction in the process. The stability 
of this sector is a fundamental prerequisite for economic subjects to develop trust in the 
system and make the most of it. Similar effects can be observed regarding judicial system, 
which helps enforce contracts fairly, timely and cost-efficiently, thus lowering transaction 
costs among the economic agents. The same is true for political stability, which provides 
incentives for businesses to invest, since the probability for their investment to achieve 
planned results is higher due to lower risk of unexpected and unfavorable change in the 
business environment. The costs of business transactions can also be directly influenced by 
the infrastructure of the economy, especially all kinds of transportation, communication, 
power and other utilities networks. The development of this networks is often in the domain 
of the government, which must prioritize the available resources according to the expected 
returns on such investments. Often those are hard to measure because their effects are indirect 
and widespread across many aspects of various transactions. This characteristics of having a 
positive impact over medium and long-term can also be attributed to the improvements in 
education system and health care. Better health of the population causes lower costs due to the 
work absences and lower curative costs. And as already mentioned, the investment in better 
education of the population improves its efficiency at work and helps not only the economic 
growth, but also the development of individuals and society. 
 
3 Impact of technology on economic growth  
 
The last source of economic growth that was listed in the previous chapter is the technological 
factor. If the technology is a body of practice that is derived from a body of science (Kuznets, 
2016), then its effectiveness must be measured by its impact on economic growth and 
development. But in reality a major part of technological advancement stems from “operating 
and design experience with products, machines and their components” that is later analyzed 
and generalized into newly obtained knowledge (Nelson, 2000, pp. 57). Even during most of 
the written history of humankind, technological inventions were created by the workers at the 
job and the professional inventors (Lewis, 2007, pp. 167) (and not by traditional class of 
educated people of the time). 
The essence of the neoclassical growth theory that underscores the technological advance as a 
main driver of growth is also empirically validated, but the fundamental assumption that the 
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economic growth is about moving equilibrium of the economic system does not seem to have 
much support anymore (Nelson, 2005, pp. 2). The accelerating pace of technological 
evolution shifts the supposed equilibrium far too often and too quickly for it to be able to 
materialize and stabilize for even short period of time. 
 
While the basic definition of technology, which states that it consists of “the methods and 
tools that a society has developed in order to facilitate the solution of its practical problems” 
(The Free Dictionary, 2017), it does not acknowledge the wider social and cultural impacts 
that technology might bring. And although its original goal is usually to increase the 
productivity which ought to be beneficial to society, there are parts of population that might 
be hurting due to the consequences of “creative destruction” due to the loss of their jobs, 
negotiating power regarding their salaries, etc. (OECD, 2003, pp. 130).  
 
In contradiction to Maynard Keynes’ prediction that the contemporary generations will work 
around “three hours a day” (Economist, 2014) studies show that people work now more than 
in the past, and that they have also increased their entrepreneurial and technological skills to 
be able to work in new jobs (Çalışkan, 2015, pp. 653). But in spite of their efforts and benefits 
that technology brought, the uncertainty and insecurity of their employments increased 
drastically. There have however been created new jobs that did not exist before, but the 
segment of the labor force that can efficiently enter into those careers is in an important part 
not the same as is the one that is losing the jobs (Çalışkan, 2015, pp. 653).  
 
The discrepancies in the benefits (and disadvantages) enjoyed by different parts of population 
are underscoring the need for socially responsible way of managing those shifts, especially 
since the technology itself combined with forces that dominate in the market economy do not 
have sufficient self-regulating mechanism that would prevent increasing inequality in general 
population which might hinder economic development in the long run. 
 
One of the most significant technologies of our civilization that is still rapidly evolving is the 
information technology. It is not only creating new industries, but is thoroughly transforming 
the great majority of the existing ones. The speed of data transmission, extent of data storage, 
retrieval and manipulation is unprecedented in the history of human civilization, and it is still 
not possible to estimate or forecast its full impact. The prospect of reaching the before 
mentioned economic equilibrium accordingly does not appear to be feasible.  
 
The increased computing power and widespread internet connections have accelerated the 
globalization of economy, diminished costs of information gathering, comparison, deal 
making and have made possible to make real time fine-grained adjustments in the entire 
supply-chains of many industries. The information technology is fueling the development of 
self-driving cars, smart power grids, virtual reality, research in natural and social sciences, 
new business models, etc. There is a lot of innovation also in the area of computer 
engineering itself – and the machine learning is one of the areas that is gaining a lot of 
traction precisely due to the vast amount of data that we are not able to process efficiently 
with traditional tools anymore. 
 
4 Machine learning as a growth facilitator 
 
Computerized databases that automatically record myriad of data (i.e. business transactions, 
weather data, software usage, friendships, subway traffic …) spurred growth in the field of 
data analysis, because companies, government and other interested parties try to extract 
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information that might benefit them at making decisions in pursuit of their goals. But the huge 
amount of data made it impractical to research it thoroughly in all possible combinations. The 
field of study that tries to address this issue with development of computer algorithms that 
search for patterns and transform data in actionable information is called machine learning. 
The algorithms of machine learning actually use advanced statistical methods for analyzing 
(large) datasets. But they try not only to identify patterns, but also to solve a problem (Lantz, 
2015, pp. 3). 
 
There are several types of machine learning algorithms, such as regression algorithms, 
instance-based algorithms, regularization algorithms, decision tree algorithms, Bayesian 
algorithms, clustering algorithms, association rule learning algorithms, artificial neural 
network algorithms, deep learning algorithms, dimensionality reduction algorithms, ensemble 
algorithms, etc. (Brownlee, 2013). Some of the algorithms mimic natural phenomena – the 
artificial neural network algorithm is based on biological (cellular) neural network. Its ability 
to develop patterns is vastly better in comparison to non-machine learning algorithms, but the 
complexity of the rules that it develops “automatically” by learning from examples is often 
too vast for humans to be able to comprehend. This in itself would not be a problem for some 
of the fields of its use, but there are areas where the inability to describe the process that the 
algorithm itself developed to solve a problem might hinder the ability of humans to test it and 
estimate its reliability.  
 
If we use such algorithms for diagnosing bone fractures, we might supervise its conclusions 
for some time after the training period, and since it mainly assists the physicians while they 
still make the final decision, possible irregularities and anomalies that we cannot test in 
advance might not be a problem. On the other hand the current legislation regarding self-
driving car technologies clearly demands defined responsibility and testability of the main 
elements of such a car, which might prove challenging when the process of pattern 
recognition is developed by the machine learning algorithm itself. 
 
Nevertheless, the powerfulness of those algorithms helps increase the value added in many 
industries, since it is able to leverage gathered data of many subjects (be it citizens, 
customers, users, etc.) to increase the productivity of the companies and its workers. One such 
example is the machine that is attached to a tractor and which is able then by the means of 
computer vision to identify unwanted plants (which are then provided herbicide) and ill plants 
(of lettuce) that are provided the corresponding treatment. The amount of herbicide and other 
chemicals needed is therefore diminished by approximately 90 % in comparison to traditional 
treatment of such fields, leading to environmentally friendlier farming and production of food 
that was sprayed less (Simonite, 2017). Another example is so called “predictive policing”, 
where police is trying to detect patterns of crime with the aim to prevent the crime before it 
might happen, or to stop it faster, if it has already started to occur (i.e. in the case of serial 
housebreaks). The police units patrols are therefore directed to the areas with the most 
probability of the crime happening. There certainly are some challenges with regard to 
prejudice that might be ingrained in such automatic profiling of certain areas based on 
historical crime data, which will have to be addressed in the near future, but otherwise the 
project turned out to be promising (Rudin et al., 2017). 
 
Machine learning has been successfully used also for tasks such as automatic processing of 
insurance claims, deciding which candidates to hire for the job, diagnosing illnesses, fraud 
detection, quality control of manufactured products, automatic translation, etc.  
 



Enhancing economic growth with statistical and machine learning methods 
 

 

 

The 12th IRDO International Scientific Conference SOCIAL RESPONSIBILITY AND CURRENT CHALLENGES 2017:  
Value added as Business Information from the View of Social Responsibility, 28 September 2017, Maribor, Slovenia, EU 

 

 

Although the most advanced applications of machine learning can be found in private sector, 
there is growing interest to use this techniques to improve public governance as well. The 
problems regarding this are twofold. Firstly, the data has to be available, what often entails 
collaboration among several agencies to be willing to exchange or share the data. And 
secondly, the algorithms have to be developed and tested.  
 
But due to the rapid advancement of this field, more and more tools will be accessible to 
wider audiences that do not necessarily have sufficient background to develop their own 
machine learning algorithms. Various businesses, government and other entities will be able 
to harness this new technology in many ways that will compound in increased productivity 
and economic growth. 
 
The major part of the investment in development of the machine learning methods is currently 
being undertaken by private sector, where companies that possess vast amount of data are 
trying to extract the information which could help them optimize their business endeavours. 
But those same methods could be beneficially applied also to the efforts of companies and 
governments which aim to address social responsibility of the economic agents. Those too 
have to employ limited resources at their disposal in ways that would maximize their intended 
results.  
 
In the following chapter we will give a simple example of one method of machine learning for 
the illustration purposes. 
 
5 Example of application of the machine learning algorithm 
 
To validate the statement that the proliferation of machine learning methods will also enable 
economic subjects without the extensive mathematical and statistical background to use those 
methods to increase their added value, we will go through one example of using such 
algorithm. We will use the dataset taken from the Census database from 1994 that consists of 
the following data of 30139 individuals: 

– Age, 
– Work class, 
– Education, 
– Marital status, 
– Occupation, 
– Relationship, 
– Race, 
– Sex, 
– Working hours per week and 
– Native country. 

 
The source of the data can be found at UCI Machine Learning Repository (Lichman, 2013). 
For purposes of this example, we omitted certain data, and we also had to convert text data to 
numerical labels. We will use the K-Nearest Neighbor method, which is implemented in 
Sklearn library of Python programming language. Firstly we have to prepare CSV file with all 
the data of individuals. Then we run the following commands to initialize our environment: 
 
import numpy as np 
import pandas as pd 
import mglearn 



Enhancing economic growth with statistical and machine learning methods 
 

 

 

The 12th IRDO International Scientific Conference SOCIAL RESPONSIBILITY AND CURRENT CHALLENGES 2017:  
Value added as Business Information from the View of Social Responsibility, 28 September 2017, Maribor, Slovenia, EU 

 

 

from IPython.display import display 
 
Then we load the data from our CSV file: 
 
df = pd.read_csv('labeled_data_adults.csv', sep=';') 
 
Now we will split those data and save it in four variables. X_train and y_train will be used for 
training purposes, while X_test and y_test will be used to measure the accuracy of the model. 
X corresponds to the input variables, and y corresponds to our target – that is the information 
whether the person is earning more or less than 50.000 $ per year. Our goal is to prepare a 
model that will enable us to estimate (according to the characteristics of the individual) what 
is the salary of the individual. 
 
from sklearn.model_selection import train_test_split 
 
X_train, X_test, y_train, y_test = train_test_split(df.loc[:, 
df.columns != 'Score'], df['Score'], random_state=0) 
 
Now we are ready to import the machine learning algorithm and “train” it: 
 
from sklearn.neighbors import KNeighborsClassifier 
knn = KNeighborsClassifier(n_neighbors=1) 
knn.fit(X_train, y_train) 
 
Based on the algorithm we will predict whether the person with the following features earns 
more or less than 50.000 $ per year: 
 

– Age: 45, 
– Work class: Private (3), 
– Education: Masters (14), 
– Marital status: Never married (5), 
– Occupation: Sales (12), 
– Relationship: Unmarried (5), 
– Race: White (5), 
– Sex: Female (1), 
– Working hours per week: 35,  
– Native country: France (10). 

 
X_new = np.array([[45,3,14,5,12,5,5,1,35,10]]) 
prediction = knn.predict(X_new) 
print(prediction) 
 
The result is 2, which means that the machine learning model predicts that salary of this 
individual exceeds 50.000 $ per year. 
 
6 Conclusion 
 
Since the economic growth is the prerequisite for economic development it should be in the 
interest of government, businesses, employees and other segments of society to support the 
technologies that are increasing the productivity and consequently the economic growth. The 
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information technology proved itself to be one of the most powerful factors that fuels the 
improvements in various traditional sectors while at the same time it creates new industries 
that did not exist before. The vast amount of data that is being gathered is still not fully 
exploited beneficially although the algorithms of machine learning promise to automate 
patterns recognition and decision making processes in various ways. More and more 
companies are using those methods to increase their added value, but there are still many 
more that do not possess sufficient level of knowledge to be able to use those algorithms. 
With the short example of machine learning we tried to show one way of how those 
algorithms might be accessible with the help of dedicated software libraries that contain the 
most typical machine learning algorithms. On the other hand we acknowledge that the 
problem of sustainable and socially responsible development should be addressed 
appropriately and in parallel with the adoption of those methods. 
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