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Abstract: In this study, coal, which is one of the energy raw materials, and coal-
related keywords and the relationship between industrialization and
political/social events from past to present were investigated by n-gram analysis.
Within the scope of the study, using the English works registered in the Google
books directory, coal as energy raw material and related keywords “coal”, “coal
mine”, “coal mining”, “fossil fuels”, “industrial revolution”, “industrialization”
“mercantilism”, “geopolitics”, and "geology” were used, and these words were
subjected to n-gram analysis as subgroups that would form a unity within
themselves.

With this study, coal-energy raw material, which is the most important engine
power of industrialization in the industrial revolution and the following period,
and the relationship of its related concepts with "Geo(logy)politics and its
parallelism with political, military, social and economic events from past to present
have been examined with n-gram analysis.

As a result, there has been an increase in the frequency of use of keywords after
the 1820s in relation to the beginning of the Industrial Revolution and the increase
in its effectiveness in world history, and it has been determined that the related
words have significant co-changes with each other. Therefore, with the n-gram
analysis, the Industrial Revolution/industrialization relationship between coal and
related keywords was easily observed. When the digital environment, which is a
large data source, is analyzed with the n-gram method using the appropriate
keywords to be selected, it is understood that it will be possible to reach many
sources and that such a large corpus will allow multi-purpose and
multidimensional evaluations. The fact that this study reveals the origins of coal-
related concepts and industrialization in the literature with the n-gram analysis
method, which is one of the energy sources, also presented an extraordinary
perspective with an analysis technique out of the ordinary.

1. Introduction

In today's world, where information technologies are an important part of our lives, and their use is spreading to
all areas of our lives (Hussein, 2021; Raudeliuniene et al., 2020), digital media data analysis is gaining
importance day by day and finds its place in many areas. While globalization and technological advances color
our world, which has turned into an information universe, on the other hand, it also contains difficulties in every
field at the point of management of such a large amount of information. Technological innovations also increase
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very creative demands (Raudeliuniene et al, 2020). Today, information technologies and technology-based
social networks are used by more than 50% of the world's population. This has brought some innovations that
seem impossible to return in our age, in many areas of our lives: communication tools, information exchange,
products and services, etc.

Especially with the widespread use of the internet, accessing information has become faster and easier than ever
before. The irrepressible increase in information has presented a new problem for researchers: How to use such
a large source of information efficiently and easily. In this context, "big data" and "data mining", which are now
widely used in the literature, have become popular concepts in almost every scientific field (Wang et al,, 2020).
The concept was first expressed in the journal Nature and defined as data on a very large scale that cannot be
presented, processed and analyzed with existing technology, methods and theories (Goldston, 2008). Today, new
research/evaluation methods have been started to be developed for such a large data collection that has been
transferred to digital media and can be accessed from almost the most remote point of the world via the internet
(Lin et al, 2019). What is important today is how effectively researchers can use these methods in the
information universe rather than their access to information. Researchers gain a linear advantage over other
researchers with the methods they use/develop.

In this study, one of the important energy sources and the most important engine power of industrialization,
coal, and the relationship between coal-related concepts and economic and political events, using the data in the
digital environment, were examined with n-gram analysis, which is a kind of natural language processing
method. The study is also related to the fields of geopolitics and geology. Although geology is briefly defined as
earth sciences, it covers many fields with its sub-branches and sheds light on underground resources and many
issues that are especially important for countries (Bobbette & Donovan, 2019). Geopolitics, on the other hand, is
the science that examines the relations between the geographical features of states and their politics. The name
of the concept originates from Swedish Rudolf Kjellen (1864-1922). He introduced the concept for the first time
in 1916 in his book The State as an Organism. C. Haushofer, one of the geopolitical theorists, also defines
geopolitics as the relationship of the state with the place in which it lives. Although the concept of geopolitics,
which became widespread between the two World Wars and was widely used during the Second World War,
seems to have lost its importance today with the development of transportation and communication
technologies and the decrease in the dependence of countries on geographical features, it still has an important
place (Dodds, 2007). The concept of geopolitics also emphasizes the importance of natural resources and
therefore, geographical location in the development. Along with the concept of geopolitics, the concepts of
geography-geostrategy have also found use. Coal, one of the fossil fuels, which was the main energy source for
the energy demand, which was a kind of engine of the Industrial Revolution, had a dominant place in the history
of World Industrialization(Andrews, 2008; Beresford, 2018). Considering all the infrastructure explanations
mentioned above, the ability to examine the relationship between industrialization and energy resources with
each other and with political/social/economic events from past to present is the research question of the study,
and the aim of this study is “A conceptual retrospective analysis of coal in particular, an important motivational
force of the Industrial Revolution, natural energy resources/fossil fuels in general, and the
industrialization/industrialization process, from the past to the present, with political/social events, by making use
of the English works registered in the Google books directory in the digital environment, by the n-gram method”.
N-gram analyzes have been used in the literature mostly in the informatics sector. There are very limited studies
in the literature on the use of analysis with natural resources, which are important raw materials for
geology/geopolitics and political, social and technological developments of countries (Ciftci et al., 2019; Ciftci,
Ural, et al,, 2020; Ciftci, Vural, et al.,, 2020a, 2020b; Ural et al,, 2020c, 2020b, 2020d; Vural et al., 2021b; Vural,
Ciftci, et al, 2020; Vural, Ural, et al, 2020a, 2020b; Vural et al.,, 2021a; Vural & Ciftci, 2021b, 2021a). In the
studies conducted by Vural et al. (2019; 2020c), the relationship between colonialism and precious metals (gold,
silver) was analyzed with the n-gram method and a significant relationship was revealed. In the study by Vural et
al.(2021a; 2020), it was emphasized how the colonial activities toward gemstones such as diamonds affected the
fate of weak countries. In a similar study, a retrospective analysis of Pb-Zn-Cu elements (base metals for short),
which has an important place in Industrialization, was carried out by Ciftci et al. (2019; 2020). Ural et al. (2020a,
2019) tested the hypothesis that rare earth elements (REE), which is an important raw material of high-tech
products, will relate to the supply, market and geopolitics with n-gram analysis and reached satisfactory results.
In the aforementioned studies, researchers have shown that significant relationships can be determined by n-
gram analysis in the evaluation of geopolitical processes, colonization and related events that accelerated after
the Industrial Revolution.

Although fossil fuels, especially coal, have been partially recognized and have long been known by humanity,
they have gained importance in the history of humanity both politically, socially, economically and
technologically with the Industrial Revolution and have always maintained this importance until today. It is
known that coal was used for heating and simple metallurgy activities (smelting copper) in China about 3000
years ago. In the 4th century AD, the Romans also used coal. In the 13th century, it is known that surface coal
mining was carried out, especially in France (Unalan, 2013). Until the 18th century, the use of coal was on a small
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scale. In the 18th century, the most important energy source effective in the birth of the first Industrial
Revolution in Europe was coal. It has maintained its importance from the Industrial Revolution until today
without losing its importance. Today, it is the most important and most abundant fossil energy source in the
world, and when it is considered as a reserve, its volume is quite high compared to oil and natural gas. It is
thought that coal will still be available after the depletion of these raw materials. Considering that the regions
where a large part of the world's coal reserves are located and the regions where the industry was born and
developed are different (United Kingdom, Europe, industrialized-America, Asia, Africa raw material source), the
supply-demand imbalance has increased the imperial appetite for the supply of this mine. Therefore, this
imbalance has been the driving force of important exploitation movements in history and has led to
social/political consequences. In this study, coal and other related keywords, which have an important place in
the political-economic life of the mentioned societies, were analyzed using the n-gram method, and it was
examined whether the frequency of use of these words overlapped with the social/political/economic events
covering approximately 250 years. It has been investigated whether the n-gram analysis of the
political/social/economic events in the mentioned period with the selected keywords works.

2. Material-Method

In this study, the n-gram analysis method, which has been used very limitedly in the social/political field, has
been used. N-grams are all combinations of adjacent words or letters of length n that can be found in the source
text. (Ciftci, Vural, et al,, 2020b). If each word is considered as a class in the N-gram analysis method, language
modelling can also be viewed as a classification problem (Aleahmad et al., 2007; Huang et al., 2012). This is used
to create an index of how often words follow each other. The assumption that the probability of a word depends
only on the previous word is also known as the Markov conjecture (Gagniuc, 2017). Markov models are a class of
probabilistic models that assume that the probability of a future unit can be predicted without looking too far
into the past.

In this study, n-gram analysis method was used. For N-gram analysis, the works registered in the Google books
database were scanned with the interface prepared by Google. In the scanning, 3 was used as the smoothing
factor and the English language was used as the corpus. Since the field of energy is a large phenomenon in itself,
only "coal" from energy raw materials and related concepts and the phenomenon of industrialization were
investigated in this study. By revealing the historical usage frequencies of these concepts in the literature with
the n-gram analysis method, an extraordinary perspective has been tried to be presented with an analysis
technique (n-gram) out of the ordinary.

As keywords in N-gram analysis industrialization, fossil fuels, the industrial revolution, coal mining, coal mine,
geopolitics and mercantilism concepts are preferred. The graphs of n-gram analysis, in which all the concepts are
used together, were not preferred because they present a complex appearance and in some cases, some concepts
suppress other concepts, instead, it was preferred to create analysis graphs by considering the concepts that
exhibit meaningful integrity with each other.

3. Findings and Discussion

Within the scope of the study, n-gram analyzes were carried out by using the keywords that characterize the
energy raw materials coal and coal and other political/social events of interest (Figure 1-10). As stated in the
method section, n-gram analysis was carried out separately for the related concept groups, since the graphics of
the analyzed concepts were not very clear due to the dominance of some concepts compared to other concepts.
In this context, first, n-gram analysis was created by using the concepts of coal and coal mine and coal mining
(Figure 1). It is clearly seen in the graph that the word “coal” suppresses the other two words. When n-gram
analysis is made with other keywords, it is observed that the word coal is always dominant, since the graphics in
question are not meaningful, they are not included in the article, only the coal keyword and the graphics of the
coal mining and coal mine keywords are given in the article. For this reason, it is preferred to interpret the
graphic formed by the word coal. When the concept of coal is examined (Figure 1), it is seen very comfortably
that it has had an upward trend since the 1750s. This upward trend showed itself more strikingly after the 1860s
and reached its peak in the early 1900s (just before the First World War and the war years). The 1920s (1929
economic depression years) were the years of transition to a decreasing trend. On the eve of and after World
War 11, the downward trend was reversed again, and the aforementioned years became the years of an upward
trend with the effect of the war. From the 1940s to the 1960s, a decreasing trend was observed in the frequency
of use of the concept. The cold war years of 1970 and after being observed as the years in which the keyword
tends to increase. It is thought that the economic struggle of the bipolar world is effective in this. The rise seen in
the graph in the 1970s can also be associated with the 1973 Qil Crisis. The increase in the price of oil, which is an
important energy source, and the decrease in its production and supply, brought about the discussion of
alternative energy sources such as natural gas, nuclear energy, and wind energy. In this period, it can be easily
thought that coal among alternative energy sources came to the fore and discussed. For example, at the
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beginning of the 20th century, England made its coal-fired warships run on oil in order to maintain its
dominance on the seas (Yilmaz & Kalkan, 2017). Probably the 1973 0il Crisis has created a reversal trend here.

The 1980s and later and the 1990s were the years in which the frequency of use of the concept tended to
decrease with the transformation of the cold war into a unipolar world order and with the effect of
environmental concerns and awareness of carbon emissions (Figure 1).

When the graph of the n-gram analysis, in which the keywords fossil fuels and industrial revolution are
evaluated together, is examined (Figure 2), it is understood that the concept of fossil fuels, which was rarely used
in the past, began to be seen prominently in the literature after the 1920s. It is understood that the frequency of
use of the concept increased after the 1940s, therefore, in the past, concepts such as coal and oil were used
separately instead of fossil fuels (Figures 1 and 2). Similar to Figure 1, the 1980s and later and the 1990s were
the years when environmental concerns and awareness increased, and a more increasing trend is observed in
the concept of fossil fuels in this period (Figures 1 and 2). The concept of the industrial revolution, on the other
hand, shows an increasing trend after the 1860s, as expected. After the 1920s, there was a remarkable upward
trend between the years 1940-1970, following the downward trend. This time period is the period when the
growth in the economies of the World's capitalist countries is the highest and the Industrialization accelerates. It
was also found significant that it overlapped with the years corresponding to the revolutionary youth
movements (1968 generation etc.). When the concepts of industrialization and industrial revolution are analyzed
together (Figure 3), it is seen that the concept of industrial revolution dates back to the 1750s, while the concept
of industrialization has a remarkable increase after the 1920s.

At the beginning of the Second World War, the concept of the industrial revolution was horizontal, while the
concept of industrialization decreased slightly in the period coinciding with the war years. It is also possible to
see this as a reflection of the decline in industrial production during the war years and the necessity of
industrialization. Economic historians and social scientists state that the fastest growth and development in
industrialized countries occurred between the 1950s and 1970s. For example, the average growth rate in
industrial production between 1953 and 1975 was 6% (Kennedy, 1996). The increase in the frequency of use of
the concept of industrialization observed in Figure 3 has parallels with this period. The growth between 1950-
1970 is traced to the peak point in the 1970s on the graph (Figure 3). The concept of “industrialization” has a
decreasing trend in terms of usage frequency after the 1970s, and it has started an upward trend since the
2000s, especially with the concept of industry 4.0 (Jones, 2021; Mavropoulos & Nilsen, 2020).

Considering the n-gram analysis of the concepts of industrialization and fossil fuels, it is seen that the 1980s had
a generally parallel trend, confirming Figures 2 and 3 (Figure 4).
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Figure 1. n-gram analysis graph of coal keyword
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Figure 2. Analysis of Industrial Revolution and Fossil Fuels concepts together
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Figure 3. n-gram analysis of industrialization and industrial revolution keywords
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Figure 4. n-gram graph of fossil fuels and industrial revolution keywords
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When the concepts of “industrial revolution”, “coal mining” and “coal mine” are subjected to n-gram analysis as a
group (Figure 5), it is seen that the frequency of use of coal mine and coal mining keywords in the literature
dates back to before the 1800s, although there are small fluctuations. After the 1800s, coal-fired engines came to
the fore (Bruere, 1922), and coal gained importance, and in parallel, a relative increase was observed in coal and
related keywords. When these two concepts are evaluated together with the concept of the industrial revolution,
the increase in their use in the literature in the 1820s is remarkable. Especially after the 1870s, the increase
shows itself more with small fluctuations (Simmons, 1976). It is known that since the beginning of the 1900s,
mass production began in the industry, and as a result, the amount of product produced has increased many
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times over the previous decades. Therefore, the use of coal in the industry and the frequency of use as a concept
in the literature tend to increase in this period, which was confirmed in Figure 5. The rise seen in the graph from
the 1900s to the 1940s can also be explained by the mass production in the industry. Among the reasons for the
increase seen after the 1920s, the development of India, especially based on the coal industry, should be
mentioned. There is a parallelism with this situation (Simmons 1976). Likewise, their monopolization by
acquiring European coal mines is in parallel with this process. Considering the aforementioned data, the increase
in the frequency of use of the concept seems more significant.
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Figure 5. n-gram graph for keywords industrial revolution, coal mine and coal mining

The concept of mercantilism, which argues that the economic power of states is related to the mines they own
(Magnusson, 2015; Stern & Wennerlind, 2014), is also directly related to concepts such as industrialization and
industrial revolution. (Ciftci et al., 2019; Ciftci, Ural, et al,, 2020; Vural et al., 2019). Considering that the energy,
and therefore the possession of energy raw materials (especially coal) in the industrialization of countries, is
related to mercantilism, the concepts of mercantilism and coal mining and coal mining were also analyzed with
n-grams (Figure 6). When Figure 6 is examined, it is seen that the concepts of coal mining and coal mining show
parallelism with each other, while the concept of mercantilism in general terms has been on an upward trend
since the 1880s. When the concepts of geopolitics and mercantilism are evaluated together, it is seen that the
concepts of mercantilism and geopolitics have entered an upward trend together since the late 1930s. The
concept of geopolitics was used a lot in the literature during the Second World War, and it peaked after the war.
While the two concepts showed a downward trend, although not parallel, in the 1960s, the concept of geopolitics
had a remarkable upward trend after the 1990s (Figure 7). Since the end of the Cold War and the bipolar world
order at the beginning of the 1990s, and the establishment of a new order or disorder, the concept of geopolitics
has come to the fore in the literature, as can be seen in the graphic, a sharp rise has been observed since the
1990s. Figure 7 clearly demonstrates this. Today, the concept of geopolitics has a high frequency of use in line
with its importance.
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Figure 6.

Graph of n-gram analysis of coal mining, coal mine, mercantilism concepts
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Figure 7. n-gram analysis of geopolitics and mercantilism

The science of geology (especially economic geology), which also deals with the exploration and discovery of
natural resources, has gained importance, especially with industrialization and, subsequently, colonialism. Coal,
which has an important place in industrialization and the industrial revolution, can be chosen as a suitable
keyword group with the science of geology in this sense. Therefore, in the study, the concepts of
industrialization, the industrial revolution, coal mine and coal mining were subjected to n-gram analysis in
subgroups, taking into account the multiplier effects of the concepts (Figure 8-10).

Although the mining activities of human beings started with the existence of humanity on earth (Vural, 1998,
2006; Vural et al, 2009; Vural & Aydal, 2016; Vural & Unlii, 2020, 2016), the concept of "geology", which has
become synonymous with earth sciences and benefiting from natural resources, began to take place in the
literature at the end of the 1700s, and the frequency of use always had an increasing trend with temporal
fluctuations in the period until the end of the 1900s (Figure 8-10). The concept showed an upward trend until
the end of the 1980s in parallel with the concept of industrialization after the 1920s. After the 1980s, with the
concept of economic geology replacing the concept of geology, the frequency of use of the concept decreased. The
concept of industrialization, on the other hand, entered an upward trend again, albeit slightly, after the 2000s, as
stated earlier (Figure 8).
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Figure 8. n-gram analysis of industrialization and geology concepts

Although the concepts of "geology” and "industrial revolution" do not show clear parallelism (Figure 9), both
concepts are in an increasing trend from the early 1900s to the 1980s (2000s). Since the frequency of use
multipliers are different, clear relationships are not seen, but the fluctuation trends of both concepts show
relative parallelism, especially from the 1920s to the 2000s (Figure 9). The same is true for the concepts of
geology, coal mining and coal mine. (Figure 10). Therefore, there are significant usage frequency relationships
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between the concepts of geology, the industrial revolution, coal mine, coal mining and even industrialization.
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Figure 9. n-gram analysis of the concepts of geology and industrial revolution
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Figure 10. n-gram analysis of the concepts of geology, industrial revolution, coal mine and coal mining

3. Results

In this study, the concept of coal, which is an important energy raw material, has been analyzed with the n-gram
method by associating it with industrialization and the industrial revolution and using related keywords that are
expected to contribute to the analysis of the subject. For this purpose, the keyword “coal” was chosen as “coal

» o«

mine” and “coal mining” keywords to be the distinction, and the related keywords were “fossil fuels”, “industrial
revolution”, “industrialization”, mercantilism”, “geopolitics” and “geology” has been determined. Since it would
be difficult to do an n-gram analysis of all keywords together, these words were subjected to n-gram analysis
under subgroups. When the n-gram analysis graphs obtained are evaluated together, it is understood that the n-
gram analysis of coal, which has an important place in the industrial revolution and early industrialization
period, with related keywords, shows a usage frequency trend associated with political, social, military and
economic events in history. Therefore, the possibility of deep analysis on the targeted subject with n-gram

analysis with appropriate keywords has been confirmed/shown in this study.
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