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INTRODUCTION

The foreign fighter (FF) phenomenon is not new. FFs are non-na-
tionals who travel to take part in conflicts abroad (Malet, 2010; 

Mendelsohn, 2011), and scholars indicate they are common in several 
struggles throughout history. For instance, the presence of FFs has 
been documented in the Spanish Civil War in the 1930s, the Arab-Is-
raeli War of 1948, the Soviet-Afghan War in the late 1980s, the First 
Chechen War in the 1990s, and recently in the conflict involving the 
Islamic State in Iraq and Syria (ISIS) (Chesterman, 2016; Joffé, 2016). 
The conditions that contribute to the rise of this phenomenon have 
drawn the attention of political analysts in the case of ISIS (Bakker et 
al., 2014; Coolsaet, 2016; de Bie et al., 2015; Zafar, 2014; Zammit, 2015). 

Lately, research has focused on what could lead non-nationals to par-
ticipate in cells linked to ISIS (Bousquet, 2012; Byman, 2016) for three 
main reasons. First, to prevent attacks on the battlefield (Cronin, 2015); 
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second, because these individuals provide intellectual skills and 
logistic capabilities that empower the terrorist group across the spec-
trum of warfare (Bakke, 2014); and third, the return of these jihadists 
to their home countries poses a risk to national security, since they 
have obtained military knowledge and absorbed radical doctrines 
which could compel them to perform terrorist attacks (Vidino, 2014). 
Aggregate evidence shows that citizens from over 85 nations (e.g. 
the United States, Australia, Indonesia, Tajikistan) have joined ISIS 
(Benmelech; Klor, 2020). This has sent FF numbers in Iraq and Syria 
soaring: over 1,000 in 2011; over 3,500 in 2012, over 8,500 in 2013; 
over 18,000 in 2014; and more than 25,000 in 2015 (HSC, 2015). Even 
though efforts from Western countries have reduced these numbers 
from 2016 on (Speckhard et al., 2017), FFs continue to be a pressing 
issue because they could commit terrorist attacks in their home 
countries (Cragin, 2017). The shortcomings of initiatives aimed at 
stopping FFs may indicate the need for a different approach to better 
understand the issue. 

On the one hand, extant theory has attempted using qualitative and 
quantitative tools to determine the psychological and/or sociological 
reasons why people become FFs. However, this tradition has failed 
to fully comprehend the phenomenon because of outdated method-
ologies. Also, studies focus on limited settings which do not allow for 
generalization (Bakker et al., 2014; Coolsaet, 2016; de Bie et al., 2015; 
Nilsson, 2015; Zafar, 2014; Zammit, 2015; Zelin, 2020), which affects 
the proposal of effective worldwide policies and strategies to face the 
problem. On the other hand, some studies have tried to understand 
several country-level spatial, structural (economic/political), and social 
variables, but have not accurately pinpointed the way their combina-
tion may create the environment required for the emergence of FFs 
(Benmelech; Klor, 2020; Barrett, 2014; Hegghammer, 2013; Hewitt; Kel-
ley-Moore, 2009; Klausen, 2015; Malet, 2010; Watts, 2008; Weggemans 
et al., 2014). These studies have only determined general dimensions 
without elucidating the inherent spatial, structural, and social com-
plexity that underlies the construction of a favorable atmosphere for 
radical terrorism (Bousquet, 2012; Cronin, 2015)

In the case of ISIS, for example, the FF phenomenon is considered com-
plex due to its geographically dispersed, decentralized, and self-orga-
nizing network-like structure, in which agents can acquire knowledge 
while adapting to contingencies (Bousquet, 2012). From the lens of 
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complexity theory (Meek, 2010; Mörçol, 2010; Teisman; Klijn, 2008), 
social science literature has posited that dealing with intricate problems 
requires efforts to be numerous, intertwined, multidisciplinary, and 
dynamic to provide valid alternatives (Byrne; Callaghan, 2014; Gilbert; 
Bullock, 2014). Hence, understanding the complex patterns of coun-
try-level variables that underpin the FF problem might allow fighters’ 
countries of origin to focus on designing strategies that include multi-
ple and complementary lines of action, such as regulatory and security 
programs, border policies and cooperation agreements, educational 
programs, counterpropaganda activities, etc., so as to reduce risk and 
provide effective policy options.

In this sense, the purpose of this article is to unveil the underlying 
conditions that may catalyze the FF phenomenon in a certain country, 
using ISIS as an example. Our research questions are: 

(1) Which spatial, structural, and social country-level variables can 
create an appropriate environment for the increase of ISIS FFs? 

(2) How do these variables interrelate to form country-level patterns 
or profiles to further explain this phenomenon? 

To answer them, we use a quantitative exploratory data mining method 
(Witten et al., 2011) called knowledge discovery in databases (KDD) 
(Maimon; Rokach, 2010). In order to detect variables and patterns, 
we access datasets from several domains (Cao et al., 2011; Fayyad 
et al., 1996) and, after filtering and pre-selecting parameters (Chen 
et al., 2011; Hall; Holmes, 2003; Maletic; Marcus, 2010), we use the 
information in decision tree algorithms (de Ville; Neville, 2013; Rok-
ach; Maimon, 2010). Our contribution is twofold: first, we move past 
traditional social science methods and use an approach associated 
with complexity theory to provide new academic and practical insight 
to the quest for ways to face the FF threat. Second, our results may 
help policy makers improve resource allocation, and thus formulate 
multifaceted initiatives to extinguish this hazard.
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KEY THEORETICAL BACKGROUND

Foreign fighters as a complex phenomenon

Past works have posited two main reasons to uphold that the FF phe-
nomenon is highly complex, especially in the case of ISIS. First, authors 
such as Barrett (2014) highlight its non-linear nature. Zafar (2014) 
delves into this issue by arguing that the phenomenon is determined 
by the interplay of multiple circumstances, and no single variable can 
be accountable for it. Consistent with complexity theory literature, 
this implies that any development in an extremist cause is guided by 
a combination of simultaneous, interwoven forces, in which small 
variations can have disproportionate consequences (Morçöl, 2010; 
Teisman; Klijn, 2008). This entails that it is hard to model its anteced-
ents, processes, and outcomes from a public policy lens (Meek, 2010). 

Second, ISIS cells are self-organizing and work in a geographically 
dispersed and decentralized manner. Therefore, we cannot speak of a 
single and unified terrorist group, but rather of a worldwide network 
of multiple co-existing clusters which – although sometimes scarcely 
– interact with each other to wage jihad (Bousquet, 2012; Mendelsohn, 
2011). This has been termed a “bottom-up” approach (Watts, 2008), in 
which transnational insurgents face diverse country scenarios, some 
of which are more favorable to the development of a terrorist cell – e.g. 
due to a shared cultural perception of having “no future” (Coolsaet, 
2016). These emergent substructures are complemented by the fact that 
oftentimes these self-organizing factions are linked by religious author-
ities or veteran FFs, forming a web-like design around the globe (Vid-
ino, 2014). Consequently, even if one particular branch is eradicated, 
the organization will readapt and keep functioning (Cronin, 2015). 

The issues discussed in the two previous paragraphs – chiefly non-lin-
earity, self-organization, geographical dispersion, and emergence – are 
fundamental macro-level attributes of complex social systems (Byrne; 
Callaghan, 2014). In these intricate, tough-to-model scenarios we have 
to discover underlying rules to comprehend their interdependence 
and their intricate nature (Sull; Eisenhardt, 2015). This explains why 
literature has started to study the multiple country-level factors which 
set some conditions that fuel these radical movements. According to 
our review, parameters in this tradition can be classified in three broad 
categories: spatial, structural, and social.
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Understanding spatial, structural, and social dimensions of the foreign 
fighter threat

Hewitt and Kelley-Moore (2009) argue that proximity to the conflict – 
in this case, to ISIS-controlled territories – may influence the emergence 
of FFs. A shorter distance from Iraq and Syria supposes a more favor-
able condition for the appearance of the jihadist cause. Two rationales 
exist: first, and more intuitively, the closer you are, the easier it is to get 
there (Hegghammer, 2013). For example, European countries are con-
nected to Iraq or Syria by roads, providing a more convenient scenario 
for the rise of FFs than in faraway countries (Barrett, 2014; Nilsson, 
2015). Second, despite the decentralized nature of ISIS, proximity is 
a condition that might imply closeness to vital communication hubs 
or nodes that might influence the conformation of FF cells (Bousquet, 
2012; Klausen, 2015). In fact, several works portray the importance of 
distance as an enabling mechanism of other variables (such as access to 
veteran FFs) which have been considered key in the development of the 
FF menace (de Bie et al., 2015; Vidino, 2014; Watts, 2008; Zammit, 2015). 

Regarding the structural dimension, Benmelech and Klor (2020) evi-
dence the relevance of economic and political variables as country cir-
cumstances which may push non-nationals to join ISIS. We categorize 
these factors as structural, since they describe country-level conditions 
of the relatively stable arena where potential transnational insurgents 
are nurtured (i.e., where they grow up, study, and work). Matters such 
as low political freedom, internet access, unemployment, inequality, 
meager incomes, and high criminality rates have been conjectured as 
potential state-level factors leading one to become a FF. According to 
some authors (Hewitt; Kelley-Moore, 2009; Watts, 2008), the explana-
tion lies in the fact that the complex and unique interrelation of these 
numerous contextual parameters may lead to a “situational induced 
motivation” (de Bie et al., 2015), in which deficient living conditions 
concur with the fact that the internet has curtailed communication 
restrains (i.e., it has allowed citizens to access ISIS-related informa-
tion) to potentially create fringe living scenarios that may enhance the 
development of radical thoughts.

Finally, past studies also consider social parameters as a dimension of 
this phenomenon. Bousquet (2012) argues that the pattern and nature 
of interactions in a society, as well as peoples’ values and perceptions, 
are variables that may create an environment conducive to the gener-
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ation of FFs. For example, Watts (2008) ascertains that conversations, 
sermons, print and radio communications, and family members are 
factors that may lead to the development of radical thoughts and, 
eventually, terrorism. Also, exposure to religious fundamentalism (i.e., 
jihad doctrine) in home countries may raise social concern for threats 
against the Islamic world, creating the conditions for a culture of vio-
lence in these communities, which is a basis for the appearance of FFs 
(Malet, 2010; Weggemans et al., 2014). In some cases, this assessment 
is complemented by what has been called the “no future” subculture 
(Coolsaet, 2016). When young people have a shared belief according 
to which they will not achieve success in life (e.g. due to societal alien-
ation), they search new undertakings (Barrett, 2014). Cronin (2015) 
evinces that the pursuit of adventure, personal power, sense of self 
and community, and even sexual desire are social parameters that set 
some conditions for these radical movements. 

Even though our approach is exploratory and follows a data mining 
(KDD) approach, the number of variables that we could include is 
infinite. We have thus developed the main dimensions found in extant 
literature in this section as a starting point to determine which datasets 
to use. Consistent with our research questions, our work constitutes 
not only an empirical test of these categories (spatial, structural, and 
social), but also the proposal of a method to discover country-level 
patterns which might trigger the FF phenomenon. 

METHODOLOGY

Justification of the methodology 

This paper addresses research questions which involve the detection of 
country-level spatial, structural, and social conditions which generate 
environments favorable to the penetration of ISIS recruitment mes-
sages. The discussion above suggests that this phenomenon pertains 
to the realm of complexity theory. 

Political science research dealing with complex phenomena have ques-
tioned traditional social science methodologies – both quantitative 
and qualitative – because they are based on the selection of narrow 
samples and issues (Meek, 2010; Morçöl, 2010; Teisman; Klijn, 2008), 
jeopardizing the generalization of the findings (Hair et al., 2010) and 



DADOS, Rio de Janeiro, vol.65 (3): e20190280, 2022 7-47

Agustín Pájaro, Ignacio J. Duran and Pablo Rodrigo

consequently affecting their potential use in policy making. Contrarily, 
complexity-based social system analysis has the benefit of considering 
hundreds of parameters to find multiple and dynamic associations 
among dependent and independent variables without assuming cau-
sality a priori (Byrne; Callaghan, 2014). This accelerates the search of 
public policy practitioners for solutions, because it draws researchers 
closer to a process-oriented – rather than outcome-oriented – study, 
allowing the development of an intertwined yet understandable pat-
tern which better explains the phenomenon (Trochim; Cabrera, 2005). 

To address these complexity-based issues, we use an exploratory data 
mining KDD approach (Cao et al., 2011; Fayyad et al., 1996; Maimon; 
Rokach, 2010). This technique usually aims to gather and process 
vast amounts of information – stored in large electronic databases 
– through the use of algorithms in search for patterns. Results then 
allow researchers to make some generalizations about the problem’s 
complexity, which can lead them to acquire valid knowledge and ulti-
mately provide a basis to explain the behavior of the variables under 
study (Witten et al., 2011). This information may help future research 
delve into the multiple associations found in the derived patterns. 

The main difference between KDD and other quantitative techniques is 
its interpretative power. Although researchers also apply algorithms with 
interpretive purposes in multivariate statistical techniques – for instance, 
Hair et al. (2010) –, they would have to manage and control all the vari-
ables incorporated, which is nearly impossible for human minds dealing 
with large databases. The number of parameters that could describe a 
country’s structural and social conditions may amount to thousands. 
Moreover, in traditional quantitative analyses, researchers have to deter-
mine the relationships among the variables beforehand – for example, 
through hypothesizing – and only then test them one by one, precluding 
the emergence of hidden relationships from the data (Fayyad et al., 1996) 
and leading to reductionist analyses and conclusions. 

In order to find these latent associations, for this study we selected an 
algorithm called “decision trees”, which is based on the idea that some 
independent variables (attributes) – or a combination thereof – might 
cause significant changes in one particular dependent variable or target. 
Decision trees help encode the target behavior in terms of some (not all) 
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independent variables or attributes. Besides, these algorithms require 
less data preparation, enabling the use of different types of data, and 
have robust and fast processing performance (Witten et al., 2011). 

Determining the datasets

Based on the three main categories defined in the theoretical back-
ground section, we analyzed 950 variables for 211 countries. This 
constitutes the independent variables set – or attribute database –, 
with datasets obtained from well-reputed international organizations. 
The dependent variable – or target variable – is a measure of foreign 
fighters – for ISIS, in this case –, as in many past studies. To maximize 
data availability, we only used information from 2014, as other years 
(2015-2018) presented missing values.

The selection of the 950 variables was based on a two-step method 
used in many social sciences and related disciplines. First, using the 
three aforementioned categories as “themes”, we undertook a the-
matic analysis (Braun; Clarke, 2008) of the quantitative FF literature 
we reviewed, determining the key country-level variables used in past 
studies – despite their narrower databases. Second, and to complete 
and/or validate the emerging databases, we used a qualitative “expert 
panel” technique, submitting the preliminary selection to review and 
discussion with certain political science scholars and political advisors 
in order to gain validity (Creswell; Clark, 2006). This step involved 
experts from an armed forces academic institution in the United States, 
where one of the researchers spent two years. However, in stark con-
trast with the traditional quantitative use of expert panels,1 the experts 
just gave their opinions regarding the pertinence of including some 
variables. They did not sort them in order of importance nor did they 
score them in a quantitative way. This intentional difference enabled 
the selected algorithm to determine the variables’ importance and their 
interrelations in this large database. Following our thematic review of 
the literature and expert analysis, the 950 selected parameters were 
broken down into the following datasets: 

Spatial parameter. Our literature review detected that proximity to 
the ISIS conflict may affect the recruitment of non-nationals. Hence, our 
first data series (“AA”) is distance from a country to Syria in kilome-
ters (TVE, 2015). All distances were measured from capital to capital.2 
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Structural parameters. Economic and political variables are also 
known to affect the decision to become a FF. Particularly, countries’ 
developmental issues, such as economic growth, income level, edu-
cation, employment, and institutional quality. Thus, we selected the 
following datasets: 

• Data series “A” – general structural conditions of the countries. 
World Bank’s “World Development Indicators”; attributes A1 to 
A881 (World Bank, 2014a). A total of 881 parameters per country 
were obtained here.

• Data series “C” – internet users, growth, and penetration per coun-
try; attributes C1 to C8 (Internet Live Stats, 2014).

• Data series “E” – governance variables of each country: voice and 
accountability, political stability & no violence, government effec-
tiveness, regulatory quality, rule of law, and control of corruption; 
attributes E1 to E6 (World Bank, 2014b).

• Data series “F” – unemployment per country: total, male, female, 
youth and adult; attributes F1 to F9 (ILO, 2014).

• Data series “G” – press freedom index; attribute G1 (RSF, 2014).

Social parameters. Social variables that describe human interactions, 
behaviors, and/or perceptions also might affect the decision to become 
a transnational insurgent, explaining why we considered the following 
datasets: 

• Data series “B” – estimated Muslim population per country and 
percentage of total population; attributes B1 and B2 (Pew-Tem-
pleton, 2014).

• Data series “D” – age-standardized suicide rates and current alco-
hol drinkers in the youth population per country; attributes D1 to 
D8 (WHO, 2014).
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• Data series “H” – happiness indexes: life ladder, social support, 
healthy life expectancy at birth, freedom to make life choices, gen-
erosity, the perception of corruption, positive affect, negative affect, 
confidence in national government, democratic quality, delivery 
quality, and trust in others; attributes H1 to H13 (SDSN, 2015).3 

• Data series “I” – Global Peace Index: perceptions of criminality in 
society, police officers per habitants, incarceration rates, access to 
small arms and light weapons, the level of internally organized 
conflict, the level of violent crime, political instability, terrorist acts, 
and others; attributes I1 to I23 (IEP, 2014).

Dependent or target variable. The dependent or target variable is 
the number of foreign fighters per country (NFFC). This parameter 
measures how many non-national combatants have travelled to join 
ISIS – whether in Syria or Iraq – divided by nation. This information 
was extracted from The International Centre for the Study of Radical-
ization and Political Violence (ICSR, 2014). This institution has counted 
FFs in Syria and Iraq since 2012.

Data mining process

To process all our data, we used the open source software Waikato 
Environment for Knowledge Analysis (WEKA), version 3.91. Our data 
mining approach consists of two steps. 

The first is “data cleansing”, which aims to find the maximum number 
of independent variables which could impact the outcome (NFFC). 
This is generally known as “attribute pre-selection” (Fayyad et al., 
1996; Maimon; Rokach, 2010), and it is essential in KDD because not 
all 950 parameters are necessarily associated – both statistically and 
theoretically – with the dependent variable. This procedure helps avoid 
spurious relationships (Chen et al., 2011; Hall; Holmes, 2003; Maletic; 
Marcus, 2010). The procedure for selecting attributes or independent 
variables followed a mixed approach: first with the use of WEKA, 
and second based on the authors’ interpretation of these preliminary 
findings. The first phase was conducted with the support of the feature 
called “select attributes” in WEKA. This software allowed us to use 
nine different correlation filters to build an indicator of the capacity 
of each attribute to predict the NFFC.
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The filters applied during the “data cleansing” phase were “Chi 
Squared Attribute Eval”, “Correlation Attribute Eval”, “CV Attribute 
Eval”, “Filtered Attribute Eval”, and “Gain Ratio Attribute Eval”, “Info 
Gain Attribute Eval”, “Relief Attribute Eval”, “Significance Attribute 
Eval”, and “Symmetrical Uncert Attribute Eval”. Using a normalization 
from 0 to 1 – by dividing values by the maximum number encountered 
for each variable – and averaging the results of each filter (Witten et 
al., 2011), it was possible to select all the attributes that had a high 
predictability score. Following Giudici (2010), we used a 0.40 cut-off 
criterion. Through this process, we eliminated 925 of the 950 parame-
ters, keeping 25 independent variables which relate to the target. After 
careful consideration, and based on our knowledge and the literature 
review, we decided to use only 22 attributes in the decision tree algo-
rithms, as explained in the attribute pre-selection results section below.

Second, we entered the selected attributes into the machine learning 
scheme. To determine rules, patterns, or find hidden relationships 
between the depurated independent variable set and the target variable, 
we used a group of algorithms called “decision trees” (Rokach; Mai-
mon, 2010; Witten et al., 2011). These kinds of algorithm allow a better 
interpretation when extracting knowledge from data, because they help 
encode the target variable in terms of several independent variables or 
attributes, and hence move beyond one-cause/one-effect relationships 
to discover multiple and simultaneous influences or patterns (de Ville; 
Neville, 2013). In this sense, although stand-alone independent variables 
are an important part of explaining the phenomenon, our method sug-
gests that their true importance lies in the specific combination and/or 
path-dependency – obtained though the selected algorithm – they can 
have together with other variables (Fayyad et al., 1996). 

Besides, as previously mentioned, these algorithms have advantages 
such as requiring less data preparation or depuration, allowing the use of 
different kinds of data, being able to handle missing values, and having 
robust and fast processing performance (Witten et al., 2011). Moreover, 
decision tree algorithms are also able to “learn” by using examples or 
instances of attributes and targets, and cutting branches of the tree (known 
as “pruning”) when they have no relationship with the dependent vari-
able. This enhances interpretation by simplifying the resulting model, and 
therefore makes it easier to determine academic and policy implications. 
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The instances were configured as the world’s nations (211 in total). 
For this procedure, we deliberately did not include Syria, Iraq, and 
Afghanistan in the country sample. In the case of the former two, this 
is due to their being at the heart of the ISIS conflict, being thus consid-
ered “receivers” of international combatants, whereas we are trying 
to understand the conditions of  “sender” countries. As for Afghan-
istan, it was discarded because, according to de Bie et al. (2015) and 
Malet (2010), its major terrorist menace is still Al-Qaeda. Therefore, as 
a precautionary measure to avoid bias and confusion between effects 
of Al-Qaeda and ISIS, we removed it from the sample. 

Our decision tree analysis consisted of two distinctive trials following 
the suggestions made by Witten et al. (2011), Rokach and Maimon (2010), 
and de Ville and Neville (2013). For Trial #1, we used WEKA’s “Experi-
menter” application, and, for Trial #2, the “Explorer” package. By using 
a ten-fold cross-validation technique, Trial #1 attempted to determine 
the best performing algorithms and the best way to codify the target 
or dependent variable (NFFC). To this end, we tested 26 different algo-
rithms, with a total of 8 different ways of coding the target variable, 
resulting in 208 different combinations of decision trees. Subsequently, 
Trial #2 aimed to find the algorithm combination with the best predic-
tive performance – i.e., the one that maximized the number of correctly 
classified countries in the final sample as senders or non-senders of 
FFs – and to determine valid patterns of drivers of the FF phenomenon 
among countries’ spatial, structural, and social conditions. 

RESULTS

Preliminary results based on attribute pre-selection 

The procedure based on Giudici’s (2010) predictability score criterion 
should be carefully used for interpretation purposes, since it only 
suggests a level of association between just one phenomenon (inde-
pendent variables) and another (NFFC). Having this caveat in mind, 
these numbers suggest some preliminary results:

Spatial parameter. Overall, the “AA” series ranked best, with a score 
of 0.79, providing some insight into the importance of physical prox-
imity to the conflict. 
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Structural parameters. Only ten attributes of the largest data set 
(“A”) scored higher than the selected cut-off: A6 (0.51), purchasing 
power parity/gross national income; A185 (0.47), health expenditure 
per capita; A371/372/379 (0.53, 0.60, 0.61, respectively), carbon diox-
ide emissions; A529 (0.47) gross domestic product; A621 (0.54) net 
secondary income; A624 (0.47) total reserves, including gold; A864 
(0.57), international migrant stock; and A871 (0.79) international tour-
ists inbound. This indicates that countries’ economic conditions do 
have some relationship with the decision to become a FF. 

As far as internet penetration and users are concerned, data series 
“C” had only two of its six parameters with a high enough predict-
ability score: C1 (0.44), internet users per country; and C3 (0.42), user 
growth. These precursory results are not surprising, as our literature 
review indicated social media as vital channels to spread ISIS recruit-
ing messages.

Data series “E”, governance variables, also offers relevant insight: 
attributes E1 (0.51), voice and accountability; and E5 (0.43), the rule 
of law. This suggests that certain political variables tend to have an 
association with this phenomenon. It seems that, as countries’ gover-
nance quality decreases, the more its conditions favor the emergence 
of FFs. Norway, for example, with a non-normalized E1 value of 1.71, 
only has 60 NFFC. Finland, with 1.57, has 50-70 NFFC. Denmark, with 
1.55, has 100-150 NFFC. In contrast, France, with a non-normalized 
E1 score of 1.22, has 1,200 NFFC, while the UK, with 1.30, has 500-600 
NFFC, and Tunisia, with 0.03, has 1,500-3,000 NFFC. 

None of the nine parameters associated with a country’s national and 
youth unemployment levels (data series “F”) seemed to set an appro-
priate environment for the generation of foreign jihadists – maximum 
score was 0.14. Similarly, freedom of press in a country (attribute G1) 
scored very low (0.04), indicating that communicative liberty and 
oppression in a state does not create conditions for the penetration of 
terrorist recruiting messages. 

Social parameters. Both parameters in the “B” series show high levels 
of correlation with the NFFC: B1 (0.56), the estimated Muslim popula-
tion per country; and B2 (0.61), the percentage of a state’s population 
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that is Muslim. These preliminary findings are unsurprising, given 
that extant works report this condition as a relevant factor of the issue 
under study. 

When it comes to social levels of psychological health and alcohol 
abuse (data series “D”), we detected that only two parameters had a 
high predictability score: D6 (0.44), percentage of alcohol consumers 
(both sexes); and D7 (0.52), proportion of alcohol consumers among 
females. This entails that alcohol consumption could enable an envi-
ronment conducive to the development of radical ideas and, eventu-
ally, to the generation of FFs. 

In data series “H” (happiness indexes), less than half the 13 attri-
butes demonstrate a significant enough score of prediction. In broad 
terms, the freedom to make life choices, trust in others, social sup-
port, generosity of the population and confidence in the current 
national government do not score more than 0.1. Nevertheless, H1 
(0.53), the public perception of overall wellness (i.e., life ladder); H7 
(0.66), general corruption; and H11 (0.47), democratic quality seem 
to affect the general sense of well-being, and second, the way people 
perceive their country’s leadership, transparency, and management 
over time, determining the “social atmosphere” regarding the prone-
ness to join this cause. 

The analysis based on each country’s Global Peace Index indicators 
(data series “I”) also yielded interesting preliminary results (as an 
example, see Figure 1). Access to small weapons, the perception of 
criminality, internal and external conflicts, and the level of political 
instability in society does not seem to predict the conditions for a 
higher NFFC. Nevertheless, the number of domestic crimes – homi-
cides rate (I4) – seems to have a high relationship with the radicaliza-
tion phenomenon (0.72), and, consequently, with the creation of condi-
tions for the penetration of recruiting messages. Besides, attributes I18 
(nuclear and massive weapons capability) and I19 (weapons exports) 
have a high prediction score: 0.54 and 0.68, respectively. Consistent 
with previous works (Eweiss, 2016; Speckhard, 2006), this suggests 
that certain perceptions of sender countries’ weapons industry can 
create specific social conditions that trigger radicalism. 
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Figure 1
Predictability Score: Data series “I”

Source: Elaborated by the authors, using WEKA software.

As explained in the methodology section, following the software’s results 
(the 25 pre-selected parameters), a preliminary assessment of these vari-
ables is in order. We discarded the three variables that described coun-
tries’ CO2 emissions (A371/372/379), as seemingly they had no conceptual 
relationship with the NFFC phenomenon whatsoever. To the best of the 
authors’ knowledge – also discussed with other colleagues –, no work has 
proposed that air pollution variables could favor the development of radical 
terrorism in a country. Also, we consulted with academic colleagues in 
other disciplines – such as environmental economics, green politics, and 
sustainable development – about the extent to which these variables could 
be boundary conditions for the radicalization of social movements in gen-
eral – and terrorism in particular – but did not find a clear conceptual link. 

The Appendix presents a summary and some background information 
about the final selection of attributes used. 

Tree learning algorithms and pattern results

The results of the 208 combinations of Trial #1 determined a total of 
13 learning tree algorithms with the highest predictive performance. 
These procedures were: “Decorate”, “Random Committee”, “Iterative 
Classifier Optimizer”, “Logit Boost”, “J48 Graft”, “J48”, “Random Sub-
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space”, “LAD Tree”, “Random Tree”, “Dagging’”, “Rep Free”, “CDT”, 
and “PART”. This trial also revealed that the best way to code the target 
or dependent variable was by using two categories: “zero” for countries 
with no NFFC whatsoever, and “one” for countries with NFFC greater 
than zero. This categorization aimed to find the prevailing conditions 
that differentiate states with or without FFs, which is consistent with our 
goals. These findings reduced the number of possible combinations from 
208 to 13, which made it simpler to find the best performing procedure. 

Trial #2 consisted in rerunning this final set of algorithms. Out of these 
13 combinations, the “J48” decision tree gave the best outcome, with a 
total of 89.6% countries (instances) correctly classified as to having or 
not sent foreign fighters to ISIS. Figure 2 presents WEKA’s outcome 
after both trials, and hence, the final result of the J48 tree algorithm 
with the zero-one coding of the target or dependent variable – includ-
ing all branches and leaves. Also, Figure 2 has an example of how to 
interpret each line in the decision tree. 

Figure 2
Final outcome of Trials #1 and #2: the best performing decision tree (J48 algorithm 

with “Zero”/”One” classification) with its branches and leaves.

Source: Elaborated by the authors, using WEKA software.
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Section 1 in Figure 2 presents the fit statistics of the data mining pro-
cess. As previously mentioned, this algorithm correctly classified 89.6% 
– or 189 countries – as senders or non-senders of foreign fighter to 
ISIS (target variable: = 0/zero and >0/one, respectively). Section 2 in 
Figure 2 breaks down this number through the “confusion matrix”. 
This reveals that, out of the 47 countries coded as “One”, 37 (78.7%) 
were correctly classified, whereas 152 (92.7%) out of the 164 nations 
coded as “Zero” were correctly categorized. 

Section 3 in Figure 2 presents the actual outcome of the WEKA soft-
ware, revealing the actual country-level patterns or aggregate condi-
tions that seem to determine the NFFC. In concrete terms, this partic-
ular decision tree has two central branches, implying the identification 
of two main groups of countries that send foreign fighters to ISIS: 
those that are “nearby” and the ones that are “faraway” (Sections 
3.1 and 3.2 in Figure 2, respectively). In this division, the algorithm 
determined that, to maximize the correct classification of instances, 
4,264 kilometers (parameter “AA”) was the cut-off distance between 
both sets. The closer cluster of nations is further subdivided into five 
subgroups, each one constituting a different sub-branch and leaf of 
this decision tree. Therefore, our data mining approach discovered a 
total of six distinct country-level patterns to explain the ISIS foreign 
fighter phenomenon.

In order to ease the interpretation of Figure 2 and to delve into the 
relevant matters which fulfill our article’s purpose, we built a path 
diagram showing all six country-level patterns found (Figure 3). We 
labeled the faraway group as “Cluster FA”, and the five nearby groups 
as “Clusters NB” (NB1, NB2, NB3, NB4, and NB5). 
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Figure 3
Conceptual “J48” tree diagram showing the path to each of the six country-level patterns or clusters.

Source: Elaborated by the authors, using WEKA software.
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The first issue that stands out from Figure 3 is that only a combination 
of 11 out of the 22 attributes originally entered in the J48 tree algorithm 
(Appendix) was finally used by the procedure, thus discarding the 
remaining ones for not being part of the derived country-level patterns. 
This validates the claim according to which inferring something about 
the target variable starting from just one variable – even if this variable 
has high predictive power – will somewhat lead to a misinterpretation 
of the phenomenon (Fayyad et al., 1996). Table 1 presents not only a list 
of these 11 independent variables used by the decision tree, but also a 
summary of each cluster’s profile. This clarifies the characterization 
of each group of countries in terms of a set of attributes. We highlight 
the absence of certain factors previously proposed by extant literature 
as causes of the foreign fighter phenomenon. For instance, despite 
the assertions made by Eweiss (2016) and Speckhard (2006), attack 
capabilities (I18) and the number of exported weapons (I19) did not 
form part of any cluster. 

Table 1
Final 11 attributes or independent variables used by the J48 algorithm, and sum-

mary of the cluster profiles or patterns. 

Clusters

Independent variables or attributes

Spatial Structural Social

AA A185 A529 A624 C1 E1 B1 B2 D7 H1 I4

FA AA > 4,264 > 240,000 > 61.9

NB1 AA ≤ 4,264 ≤ 1,110,043 ≤-2,13 > 0

NB2 1,587 < AA≤ 4,264 > 1,110,043 > 0 ≤≤ 4.76 ≤ 3

NB3 AA ≤ 4,264 > 3,155 > 1,110,043 ≤ 95,000 > 0 > 4.76 ≤ 3

NB4 AA ≤ 4,264 ≤ 61.2 ≤ ≤ 4,430 > 1,110,043 > 95,000 > 0 > 4.76 ≤ 3

NB5 AA ≤ 4,264 > 4,430 > 1,110,043 > 95,000 > 0 > 4.76 ≤ 3

Source: Elaborated by the authors, using WEKA software.

The second issue from Figure 3 we emphasize is the fact that two pre-
vailing conditions underpin the six country-level patterns: distance 
from the ISIS conflict (AA; see Table 1, Appendix) and the presence 
or quantity of Muslim population (B1/B2). All branches of Clusters 
FA and NB contain at least one of these two components, indicating 
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that the combination of these spatial and social parameters seem to be 
paramount factors in the generation of the necessary conditions for the 
rise of the phenomenon in a country. Besides both conditions, other 
attributes also further determine each set of countries. 

The primary trait of the countries belonging to Cluster FA (Figure 
3; Table 1) is their remoteness from the ISIS conflict (AA > 4,264). 
Moreover, this group possesses a higher alcohol consumption among 
women (D1 > 61.9) and significant Muslim population in absolute 
terms (B1 > 240,000). Our analysis determined that four countries pres-
ent these characteristics: Australia, Canada, the Russian Federation, 
and the United States. 

As for the sets of nearby nations (AA ≤ 4,264; Clusters NB1, NB2, NB3, 
NB4, and NB5), as previously noted, they also present Muslim popula-
tions (B2 > 0). Cluster NB1 (Figure 3; Table 1) is also characterized by a 
lower number of internet users (C1 ≤ 1,110,043) and a weaker level of 
institutional quality in terms of voice and accountability (E1 ≤ -2.13). 
Only two countries fit this description: Somalia and Turkmenistan. 

Besides proximity to the conflict and presence of Muslim populations, 
Clusters NB2, NB3, NB4, and NB5 also share a higher number of inter-
net users (C1 > 1,110,043) and a lower homicide rate (I4 ≤ 3). Besides 
these attributes, Cluster NB2 (Figure 3; Table 1) is characterized by a 
lower evaluation of the life ladder (H1 ≤ 4.76) and a medium distance 
to the ISIS conflict (AA > 1,587). Only two countries belong to this 
cluster: Ukraine and Yemen. 

Although Clusters NB3 (Figure 3; Table 1) and NB2 share their nearness to 
ISIS territories (AA ≤ 4,264), the presence of Muslim individuals (B2 > 0), 
a higher number of internet users (C1 > 1,110,043), and a lower homicide 
rate (I4 ≤ 3), the former is in essence different due to a higher life ladder 
evaluation (H1 > 4.76), a lower number of Muslim individuals in absolute 
terms (B1 ≤ 95,000), and a higher health expense per capita (A185 > 3,155). 
Merely two countries were classified in this set: Finland and Ireland. 

Cluster NB4 (Figure 3; Table 1) shares several aforementioned char-
acteristics: nearness (AA ≤ 4,264), a salient presence of Muslim pop-
ulations (B1 > 95,000; B2 > 0), a higher number of internet users (C1 
> 1,110,043), a lower homicide rate (I4 ≤ 3), and a higher life ladder 
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evaluation (H1 > 4.76). However, it is also defined by a lower degree of 
international reserves (e.g. monetary gold; A624 ≤ 4,430) and a lower 
gross domestic product (A529 ≤ 61.2). Four countries represent this 
cluster: Albania, Bahrain, Bosnia and Herzegovina, and Tajikistan. 

Finally, Cluster NB5 (Figure 3; Table 1) differs in its higher number of 
international reserves (A624 > 4,430). Also, other independent vari-
ables distinguish this particular country set: closeness to ISIS (AA ≤ 
4,264), an important presence of Muslim people (B1 > 95,000; B2 > 0), a 
higher number of internet users (C1 > 1,110,043), a lower homicide rate 
(I4 ≤ 3), and a higher life ladder evaluation (H1 > 4.76). This is by far 
the largest cluster, with 23 nations in total: Algeria, Austria, Belgium, 
Denmark, Egypt, France, Germany, Israel, Italy, Jordan, Kazakhstan, 
Kuwait, Lebanon, Libya, the Netherlands, Pakistan, Saudi Arabia, 
Serbia, Spain, Sweden, Tunisia, Turkey, and the United Kingdom. 

DISCUSSION: COUNTRY PATTERN ANALYSIS 

Academic aspects 

Before entering the discussion about country patterns or clusters, we 
highlight that two issues seem to explain a significant part of the for-
eign fighter phenomenon. First, consistent with the premises of Hewitt 
and Kelley-Moore (2009), we find that physical proximity (AA, Appen-
dix) to the ISIS conflict is a key aspect accounting for the issue (Clusters 
NB1-5; Figure 3; Table 1). This corroborates the fact that nations such 
as Kuwait, Jordan, and Saudi Arabia have sent the greatest numbers of 
foreign fighters. Our evidence thus supports other authors’ assertions 
concerning the way nearness improves logistic aspects of joining ISIS, 
for instance, the capability of arriving to Syria (Barrett, 2014; de Bie 
et al., 2015; Hegghammer, 2013; Nilsson, 2015). Moreover, since vet-
eran foreign fighters who return to their home countries could favor 
the phenomenon by acting as communicators, closeness to radical 
terrorism information hubs or nodes remains an important factor for 
the emergence of FFs (Bousquet, 2012; Klausen, 2015; Vidino, 2014; 
Weggemans et al., 2014; Zammit, 2015). 

Second, besides physical proximity, the number of ISIS foreign fight-
ers seems to be linked to the Muslim religion, as at least one of the 
parameters (B1/B2, Appendix) has an influence in the NFFC in all six 



DADOS, Rio de Janeiro, vol.65 (3): e20190280, 202222-47

Unraveling Spatial, Structural, and Social Country-Level 

country-level patterns or clusters (Figure 3; Table 1). A caveat, however: 
consistent with previous literature (Hewitt; Kelley-Moore, 2009; Klau-
sen, 2015; Malet, 2010; Weggemans et al., 2014), we highlight that it is 
not the faith itself, but the religious fundamentalist view that some fac-
tions have undertaken to violently try to “save” Islam from decaying 
worldwide. Consequently, and despite exceptions (e.g. Cluster NB3), 
our interpretation of this finding is that a higher number of Muslims 
could lead to better conditions for the growth of FF seeds. 

Even though the implications discussed in the two previous para-
graphs are essential to the phenomenon under study, they are not 
surprising. It is rather a matter of emphasizing the patterns arising 
from each set of countries – i.e., the combination of spatial, struc-
tural, and social country-level variables. Thus, we warn readers that 
the following interpretations are aimed at trying to conceptually and 
abductively explain how some characteristics or conditions in a certain 
setting (the cluster) emerge, and not to understand individuals’ deeper 
motivations, as this would imply a totally different level of analysis. 

Regarding countries in Cluster FA (Figure 3; Table 1), there seems to be 
an interaction between being distant (AA > 4,264), having a non-Islam 
majority and a Western culture (Australia, Canada, Russia, and the 
US), alcohol consumption in women (D7 > 61.9), and large Muslim 
populations (B2 > 240,000). This is interesting because, although the 
Islamic religion forbids drinking, evidence shows that individuals 
in places distant from Muslim countries ingest it nonetheless, and in 
some cases vastly (Cochrane; Bal, 1990; Neumark et al., 2001). Rea-
sons range from peer pressure to conformity to Western social norms. 
According to Valentine et al. (2010), the main underlying issue is that 
alcohol-consuming Muslims are oftentimes stigmatized and alienated 
in their communities for violating religious dogma. As for Muslim 
women, this stigmatization could be more severe, since it has been 
stated that Islamic culture has higher expectations about their role in 
society and family (e.g. strengthening ties of kinship) (Perešin, 2018). 

Hence, we can conjecture that Muslim women in these conditions 
could become pariahs, because they suffer alienation in two fronts: 
within Islamic communities due to their alcohol-related habit (Valen-
tine et al., 2010), but also due to xenophobia from other citizens who 
condemn their religion (Perešin, 2015). The literature emphasizes that 
this makes them disenchanted with Western values, as they have failed 
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to reconcile domestic practices (e.g. alcohol consumption) with their 
traditions (i.e., Sharia Law). The mismatch between religious tradition 
and (host) country values in this cluster is a (social) factor which might 
encourage the development and growth of what has been called ISIS’s 
utopian message of camaraderie and sisterhood (Perešin, 2018; Shap-
iro; Maras, 2019). As a consequence, it may make sense to cross great 
distances to experiment a change by becoming a FF (e.g. a sort of eman-
cipation from Western oppression) and living according to the Islam 
lifestyle (Kneip, 2016; Perešin, 2018) while maintaining – according 
to them – some Western benefits (Perešin; Cervone, 2015; Speckhard, 
2016), such as certain foods (like alcohol) or activities (Leong, 2015). 

Both Somalia and Turkmenistan (Cluster NB1; Figure 3; Table 1) are 
societies strongly based on Muslim family clan identity, which makes 
it the essential social unit (Dyner et al., 2015; Joosse et al., 2015; Karagi-
annis, 2013). However, their authoritarian governments limit freedom 
of association (Duyvesteyn; Peeters, 2015; Zogg, 2016). This is con-
sistent with the fact that this country set has a lower degree of voice 
and accountability (E1 ≤ –2.13), which measures citizens’ capability of 
participating in government, as well as overall freedom (Appendix). 
According to Dyner et al. (2015) and Duyvesteyn and Peeters (2015), 
issues such as political repression, marginalization, and poor gover-
nance pave the way for the occurrence of the FF phenomenon. Due 
to these institutional weaknesses, Muslim family clans are not able to 
freely associate as they wish, and also cannot voice or channel their 
concerns so governments can improve their day-to-day life.

Consequently, (low) governance conditions in these settings can 
enhance the search for a place where a community or clan-based life 
– echoing Islamic principles – is possible. As mentioned above, propa-
ganda is prone to showing images of a good quality of life in ISIS-con-
trolled territories (Leong, 2015; Perešin, 2015; Perešin; Cervone, 2015), 
which could match their desire to find a venue where they can freely 
express their culture. Even though this group of countries has a lower 
internet usage (C1 ≤ 1,110,043), their relative proximity to ISIS sug-
gests closeness to communication hubs or nodes that meet individual 
needs of information, making access to the worldwide web unneces-
sary (Dyner et al., 2015; Karagiannis, 2013; Watts, 2008). Therefore, the 
characteristics of this scenario could be significant drivers or “hooks” 
for joining this radical cause (Joosse et al., 2015). 
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Contrary to what Barrett (2014) and Zammit (2015) ascertain, we do 
not find compelling evidence to substantiate the “no culture” hypoth-
esis in faraway countries (Cluster FA). On the contrary, unexpected 
evidence for this hypothesis was found in Cluster NB2 (Figure 3; Table 
1), composed by two nearby countries: Ukraine and Yemen. Although 
for different reasons, these two countries differ for having been facing 
internal armed conflicts recently (Byman, 2016; Freedman, 2014). They 
are namely the Crimea crisis in Ukraine and the Sa’dah revolt and the 
Southern separatist movement in Yemen (Mantzikos, 2011; Thiele, 
2015). According to Mantzikos (2011) and Zhukov (2016), this has had 
two negative effects: first, from a structural lens, it has reduced job 
opportunities, as most efforts were redirected to address these poten-
tial civil wars. Second, from a social lens, this scenario encourages 
unemployed Muslim citizens to join a fight to defend certain interests 
or territories, which has given rise to civilian militias. 

Our evidence shows this belligerent scenario is likely to create the nec-
essary conditions for a reduction in the overall perception of well-being 
and citizens’ stand in life (H1 ≤ 4.76) in these countries. Taking up arms 
seems to be an outlet to this situation. However, these national char-
acteristics suggest that, instead of joining internal conflicts, Muslims 
(B2 > 0) in these nations channel this external combative incentive 
by joining jihad-related causes, and particularly ISIS. This is due to 
the fact that, if they are to engage in combat for the aforementioned 
contextual causes, they may be more prone to fighting in favor of an 
ideal aligned with their particular interests – i.e., their religion (Byman, 
2016; Thiele, 2015). Therefore, our evidence could indicate that the “no 
future” hypothesis seems true for “intermediate” countries, such as 
Ukraine and Yemen (1,587 < AA ≤ 4,264). This is complemented by the 
fact that, also consistent with our findings (C1 > 1,110,043), internet 
and social networks seem to be the main means of communication to 
lure Muslims in this set.

Cluster NB3 (Figure 3; Table 1) is an odd grouping, because it is consti-
tuted by two nearby countries, Finland and Ireland, which, according to 
our results, tend to have high levels of economic and social development 
(A185 > 3,155), and a small Muslim population (B1 ≤ 95,000). Hence, one 
might intuitively assume that none of these countries’ conditions justify 
a priori the growth of the FF phenomenon, as their citizens in general 
have a good quality of life and there are no evident religious traditions 
(and confrontations). Nevertheless, it has been argued that social and 
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economic prosperity in some Western cultures, such as Finland, may lay 
the foundations for a kind of “boredom culture” (Haller et al., 2013). This 
may have an impact on the phenomenon studied, as several political 
science scholars have claimed that some citizens in developed countries 
could experiment what has been termed the “Hemingway Effect” (Hegg-
hammer, 2013), which alludes to the search for adventure (Barrett, 2014; 
Malet, 2010; van Zuijdewijn, 2014; Watts, 2008; Zafar, 2014). 

Although Cronin (2015) concurs with the adventurism hypothesis, the 
author states that it is not the only factor for the emergence of the FF 
problem in developed countries, such as Finland and Ireland. As peo-
ple have their basic human needs (e.g. food, safety, health) met, these 
societies might engender a sense of so-called “humanitarian duty” to 
try and help other places achieve the same conditions (Mendelsohn, 
2011; van Arsdale; Nockerts, 2008; Zafar, 2014). However, following 
Vaux (2006), these duties are essentially based on biased, distorted, or 
even naïve ways of understanding and dealing with the ISIS menace, 
which is possibly due to the low number of Muslims that live in this 
cluster’s countries. In sum, the pattern of characteristics featured by 
Cluster NB3 apparently creates appropriate conditions to nurture both 
boredom and humanitarian duty cultures, boosting the ISIS cause in 
these prosperous settings. 

The countries grouped in Cluster NB4 (Figure 3; Table 1) are close to 
the conflict (AA ≤ 4,264), have a significant number of Muslims (B1 
> 0; B2 > 95,000), and, despite having a high life ladder (H1 > 4.76), 
they are economically underdeveloped in relative terms (A529 ≤ 61.2; 
A624 ≤ 4,430). The salience of this last issue is consistent with the argu-
ments presented by Dyner et al. (2015) and Shtuni (2015) concerning 
Albania’s, Bosnia and Herzegovina’s, and Tajikistan’s – three of the 
four nations embodying this set – economic lag (e.g. GDP, education, 
competitiveness, urbanization) in comparison with their European and 
Central Asian counterparts. Consistent with de Bie et al.’s (2015) “sit-
uational induced motivation” hypothesis, these authors ascertain that 
poverty is a strong component which could create an adequate context 
for migratory processes in the search for better living conditions, such 
as higher wages and spending in education (Dyner et al., 2015).

This issue, added to the widespread use of the internet in Albania, 
Bahrain, Bosnia and Herzegovina, and Tajikistan (C1 > 1,110,043) might 
favor the indoctrination of these poor and uninformed individuals 
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(Dyner et al., 2015; Shtuni, 2015). This is especially due to the role of 
ISIS propaganda, which shows they can live an Islamic way of life 
while trying to spread and save it, as well as improving their personal 
economic situation (Leong, 2015; Perešin, 2015). Therefore, it is possible 
to conjecture that the radical message finds fertile ground to expand 
in nations with these structural characteristics, potentially driving 
Muslims’ decision to be a part of ISIS. 

Finally, characterizing Cluster NB5 was cumbersome, due to the hetero-
geneity of its constituting countries. Despite the emergence of a common 
pattern (Figure 3; Table 1), we have nations from very different back-
grounds: Africa (Algeria, Egypt, Libya, Tunisia), Europe (Austria, Bel-
gium, Denmark, France, Germany, Italy, The Netherlands, Serbia, Spain, 
Sweden, and the United Kingdom), and Asia (Israel, Jordan, Kazakhstan, 
Kuwait, Lebanon, Pakistan, Saudi Arabia, and Turkey). In general terms, 
these countries are close to ISIS-controlled territories (AA ≤ 4,264), have a 
significant Muslim population (B1 > 0; B2 > 95,000), and an overall high 
life ladder, which fits the sound financial position of their Central Banks 
or corresponding monetary authority (A624 > 4,430). In fact, concerning 
this last point, according to the United Nations, none of the nations in 
Cluster NB5 are among the world’s least developed countries. They are 
either developed (e.g. Austria, Denmark, and the United Kingdom), in 
transition (Kazakhstan and Serbia), or developing (e.g. Algeria, Egypt, 
Pakistan) (UN, 2014). 

Hence, although higher economic development in these terms does not 
necessarily translate into social betterment, the pattern these countries 
follow seems to suggest that they do not adhere to the “situational 
induced motivation” hypothesis (de Bie et al., 2015), as none of the 
abovementioned negative contextual conditions (e.g. poverty or poor 
education) seem to necessarily contribute to the occurrence of the FF 
phenomenon in these settings. Although we analyze the patterns 
that describe this cluster of countries, it is important to note that our 
aggregate quantitative evidence seemingly contradicts some recent 
studies, at least regarding specific nations in this group. Such is the 
case of Tunisia, where Zelin’s (2020) historical ethnography suggests 
the occurrence of a “low life ladder”, as the expectations of young 
people regarding employment – especially after the fall of president 
Ben Ali in 2011 – have not been met, not living the life they expected, 
and consequently looking for alternatives (e.g. joining ISIS).
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Beyond this caution, a distinctive characteristic emphasized by extant 
literature is that these somewhat financially developed countries share 
a vaster access to the internet (C1 > 1,110,043) (Bakker et al., 2014; 
Hegghammer, 2013; Heinke; Raudszus, 2015; Nilsson, 2015; Vidino, 
2014; Watts, 2008; Weggemans et al., 2014; Zafar, 2014). As we have 
indicated, this is one of the main channels through which recruiters 
reach foreigners (Leong, 2015; Perešin, 2015; Perešin; Cervone, 2015; 
Speckhard, 2016). This should come as no surprise, as the effect of 
social media on people has been extensively researched, and it seems 
that the ISIS FF phenomenon is not an exception. Hence, our inter-
pretation is that Muslims living in this diverse group of nations are 
likely to constitute a significant portion of the internet user base. In 
this scenario, and consistent with several scholars’ position, access to 
the worldwide web seems to be the main enabling structural condition 
for Islam followers to receive ISIS propaganda, to search for more 
information about this terrorist cell’s operations on their own, and to 
contact key information nodes or hubs to gain knowledge on how to 
travel and join the jihadist cause (Malet, 2010; Mendelsohn, 2011; van 
Zuijdewijn, 2014).

General practical recommendations

From some of our findings, we can propose practitioner-oriented rec-
ommendations for governments and policy makers worldwide, to 
aid them in adequately facing the FF problem at country level and, 
hopefully, winning the battle against ISIS. Our suggestions are specif-
ically aimed at operationalizing our findings. Hence, from a practical 
standpoint, an essential contribution of this study is showing that 
understanding countries as clusters or sets enables the proposition of 
distinct and specific solutions for each of them. Thus, state officials 
can improve resource allocation and build personalized undertakings 
for each group of countries. 

With reference to the farthest away cluster (FA), we find that the “no 
future” subculture is not necessarily an issue as suggested by previous 
works (Barrett, 2014; Zammit, 2015). Contrarily, a specific social aspect 
– high alcohol consumption among women –, added to religion, seems 
to be a triggering factor, because it alienates Muslim women. Therefore, 
to stop the rise of foreign fighters, countries such as Australia, Can-
ada, Russia, and the United States should focus their social program 
efforts on two different fronts: first, social integration between locals 
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and Muslims; and second, reducing xenophobia among non-Muslims. 
Consistent with what Valentine et al. (2010) mention, it is recommended 
that these governments manage the consumption of alcohol in Mus-
lim-majority neighborhoods and eliminate discrimination to avoid 
creating feelings of social marginalization. 

Our tree algorithm in Figure 3 (Table 1) reveals five specific groups of 
nearby countries which send foreign fighters (NB1-5). Governments 
fighting ISIS should prioritize investments that stop the effect of com-
munication hubs and nodes, as previous works have implied (Malet, 
2010; Mendelsohn, 2011). In concrete terms, veteran FFs constitute a 
significant factor enhancing the proclivity of enrollment (Bakker et 
al., 2014; Nilsson, 2015; van Zuijdewijn, 2014; Watts, 2008). Thus, gov-
ernments’ initiatives are to be targeted at either blocking the entrance 
of individuals returning from conflict areas in Syria and/or Iraq, or 
permanently keeping an eye on them once returned. 

The public policy recommendation for Cluster NB1 is clear: the govern-
ments of Somalia and Turkmenistan must improve their institutional 
quality. This is especially true in the case of these nations’ voice and 
accountability (e.g. overall freedom), as their authoritarian govern-
ments hinder a family clan lifestyle and the possibility of improving 
governance aspects (Duyvesteyn; Peeters, 2015; Zogg, 2016). Because 
low levels of this variable could encourage people to seek a sense of 
community elsewhere – and particularly within ISIS as FFs –, it is 
essential to guarantee freedom of association and the ability to par-
ticipate in law-making (Dyner et al., 2015; Joosse et al., 2015). All this 
could be considered obvious or simple; however, it is not an easy 
endeavor to achieve, because it implies vast amounts of time. A first 
step to start a long-term institutional process to improve democracy 
in these countries could be to empower civil society organizations 
(e.g. non-governmental organizations – NGOs), as their characteristics 
have been proposed to make them key means to effectively spread the 
democratic message (Edwards et al., 1999; Kamat, 2003). In this sense, 
and following Barber’s (1998) ideas, NGOs can use technology – like 
ISIS does – to educate the population about democracy. Yet, as these 
countries have low internet usage rates, our recommendation would 
be that NGOs must directly engage in alliances with local authorities 
(e.g. municipalities) or local independent organizations to build the 
foundations for participatory democratic governance (de Witt, 2000; 
Edwards et al., 1999).
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In the specific case of Cluster NB2, policy should be targeted at 
improving society’s perception of the life ladder. This seems tough 
in the short term, due to the ongoing armed conflicts in Ukraine and 
Yemen (Byman, 2016; Freedman, 2014). However, expansive macro-
economic policies may ameliorate overwhelming unemployment in 
these nations. This way, people’s economic well-being can improve – at 
least for some time –, hopefully deterring Muslim citizens’ decision to 
join civilian militias or ISIS. 

Concerning Cluster NB3, which is composed by Finland and Ireland, 
state officials should attempt to improve the lifestyle of citizens who are 
considering joining ISIS (Barrett, 2014; Coolsaet, 2016; Malet, 2010; van 
Zuijdewijn, 2014; Watts, 2008; Zafar, 2014). Specific social programs, 
for example, may provide adventurous alternatives for young people 
aged 20-35. Governments can offer planned social activities in favor of 
other parts of the world where there is a lesser risk of becoming a FF 
(e.g. Western Africa or Latin America), which can nonetheless satisfy 
citizens’ need to help a humanitarian cause. The goal is to redirect any 
tendency to enroll in a terrorist cell toward a truly altruistic initiative, 
and hence avoid the decision to help while undertaking risky activities. 

Cluster NB4 reveals that economic conditions could be a triggering factor 
when added to a large Muslim population and pervasive internet access 
(Dyner et al., 2015; Shtuni, 2015). These countries are relatively poorer – 
in average – than those in other country sets. Therefore, the governments 
of Albania, Bahrain, Bosnia and Herzegovina, and Tajikistan should 
focus on improving structural conditions, particularly the amount of 
money spent on individuals’ education. Following our discussion above, 
this could have the side-effect of discouraging ideological indoctrination 
through the internet by showing the truth about ISIS. 

Finally, Cluster NB5 points to the importance of internet access in 
spreading jihad around the world. Despite having a considerable Mus-
lim population with good overall social and economic development, 
they still have incentives to join ISIS as FFs. According to our findings 
and discussion above, access to the internet seems to be a vital factor for 
the number of foreign fighters, as it constitutes a key source of extremist 
information (Bakker et al., 2014; Hegghammer, 2013; Heinke; Raudszus, 
2015; Nilsson, 2015; Watts, 2008; Zafar, 2014). The nations in this set could 
perhaps use internet monitoring systems that would allow the detection 
of people searching for terrorist content. Our evidence suggests that the 
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number of users is critical in the decision to become an ISIS non-national 
combatant. These policies, however, must be implemented in specific 
cases and in strict agreement with democratic principles – i.e., only with 
the endorsement of an independent judicial system –, so they do not 
become authoritarian surveillance tools. 

CONCLUSION

The main contribution of this work is moving beyond traditional social 
science methods towards a more sophisticated exploratory procedure 
based on data mining (KDD) to better understand the country-level 
conditions which enable the rise of the FF phenomenon. To this end, 
we apply this procedure to the case of ISIS, discovering attributes and 
patterns which could explain NFFC rates. After identifying attributes 
from over 950 different parameters and inquiring into their relation-
ship with the dependent variable, six different country profiles were 
constructed to better understand and address this threat. Although 
we have focused on ISIS in this article, the methodological approach 
undertaken can be used to find potential factors of social environments 
favorable to the escalation of armed conflict or terrorist initiatives – 
for instance, to examine the ongoing violent issues in Chechnya and 
Somalia (Duyvesteyn; Peeters, 2015).

Although the six country sets we identified improve our understand-
ing of a complex issue such as the necessary country-level character-
istics that could enhance FF movements, no work is free from limita-
tions. The methodology used leads to the necessary consideration of 
at least three potential limitations. First, the possibility of being in the 
presence of an “ecological fallacy” problem (Wakefield; Lyons, 2010), 
understood as making inferences about individuals’ behavior based 
on macro-level data (King et al., 2004). Although we are linking coun-
try-level (macro) variables to the aggregate number of FFs (NFFC), we 
have been circumspect regarding the research objective and questions, 
and the discussions as well, in order not to confuse readers. In fact, 
we have tried to be clear in stating that we are neither inferring nor 
discussing people’s deeper motivations to join ISIS. Instead, we are 
establishing general spatial, structural, and social conditions which, 
to a certain degree, could create an “environment” which generally 
fosters the emergence of the FF phenomenon in specific sender coun-
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tries. In this sense, our NFFC variable is also a country-level variable 
being affected by an intricate relationship of national variables, none 
of which can explain the phenomenon on its own. 

Second, one must consider the information used to configure the target 
data (NFFC), because its numbers were based on open-source evidence 
obtained from the International Centre for the Study of Radicalization 
and Political Violence. This institution has kept count of the number of 
foreign fighters in Syria and Iraq since 2012, but the data is not always 
totally precise, given the difficulty of measurement, which can lead 
to some loss of richness and/or precision in the analysis. Therefore, 
future work is to replicate this study with new, larger, and more precise 
and depurated databases.

Third, since the method applied dropped some variables – both in 
attribute pre-selection and data mining processes –, and although all 
indicators of goodness of fit show a robust model (see, Figure 2), we 
have to deal with the loss of some important variables which could 
partially explain the phenomenon: in the search for parsimony in our 
findings, we lose a certain degree of internal validity. Moreover, as 
a study based on a quantitative technique, we cannot compete with 
the explanatory depth of qualitative studies, such as ethnographic 
ones (e.g. Van San, 2018). In fact, these qualitative studies can grasp 
the phenomenon in multiple directions and levels, offering alterna-
tive explanations for it. We, instead, are limited to interpreting the 
results by strictly following the variables considered important by 
the algorithm, which could be considered a narrow view for these 
social phenomena. However, our main strength is the gain of external 
validity and generalization power due to the technique and database 
used (Shadish et al., 2002). 

Actually, the main virtue of using data mining techniques to research 
complex social systems is their ability to find which elements in vast 
amounts of data might be the precursory foundations of a phenom-
enon. Based on our results, future investigations should now deploy 
other social science methodologies (both quantitative and qualitative) 
to deepen our findings. For example, from a quantitative lens, scholars 
can first use confirmatory factor analysis to further validate the exis-
tence of the six country-level clusters, to substantiate the attributes, 
and subsequently undertake cluster analysis and see if sets coincide. 
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From a qualitative perspective, researchers can endorse our findings 
internally by doing ethnographic studies which may explain the phe-
nomenon further and deeper. 

There is no denying that the initiatives of governments worldwide 
to deal with ISIS should be multifaceted. A key front requiring the 
attention of policy makers is knowing how to reduce the number of 
foreigners that travel to join this jihadist cause. We hope that our find-
ings lead state officials to start thinking in a more comprehensive 
way – considering several variables and country-level patterns – to 
reallocate resources. This way they can design and implement better 
customized strategies to deal with this menace, depending on the 
specific country cluster identified by our article. 
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NOTES

1. It is important to avoid confusing qualitative and quantitative uses of this technique. 
In the latter, the objective goes beyond the validation and right selection of variables, 
but rather aims to determine the predictive power of some variables. See, for example, 
Giannarou and Zervas (2014) and Marquardt and Pemstein (2018). 

2. The exception to this criterion was the Russian Federation, due to its size. In this case, 
we used the distance between Damascus and a midpoint of the Russian Federation.

3. The World Happiness Report is a survey of the state of global happiness based on dif-
ferent perspectives, such as health, government statistics, polls, economy indexes, and 
psychology.
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APPENDIX

Basic information of the 22 pre-selected attributes or independent variables which 
may be associated to NFFC. 

Dimension Variable 
code Description Details

Predict-
ability 
score

Spatial AA Distance from a particular 
country to Syria in kilometers

Measured from capital to 
capital. 0.79

Structural

A6 Purchasing power parity gross 
national income (US$ billions)

PPP GNI is gross national in-
come converted to international 
dollars using purchasing power 
parity rates. Gross national 
income is the sum of value 
added by all resident producers 
plus any product taxes (minus 
subsidies) not included in the 
valuation of output plus net 
receipts of primary income 
(compensation of employees 
and property income) from 
abroad. Data series is in current 
international dollars.

0.51

A185 Health expenditure per capita 
(current US$)

Total health expenditure is 
the sum of public and private 
health expenditures as a ratio 
of total population. It covers 
the provision of health services 
(preventive and curative), fam-
ily planning activities, nutrition 
activities, and emergency aid. 
Data are in current US dollars.

0.47

A529 Gross domestic product 
(current US$ billions)

GDP at purchaser’s prices is 
the sum of gross value added 
by all resident producers in 
the economy plus any product 
taxes and minus any subsidies 
not included in the value 
of the products. Data are in 
current U.S. dollars

0.47
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Basic information of the 22 pre-selected attributes or independent variables which 
may be associated to NFFC (cont.).

Dimension Variable 
code Description Details

Predict-
ability 
score

Structural

A621 Net secondary income (US$ 
millions) - 2014

Secondary income refers to 
transfers recorded in the bal-
ance of payments whenever an 
economy provides or receives 
goods, services, income, or 
financial items without a quid 
pro quo. All transfers not 
considered to be capital are 
current. Data are in current U.S. 
dollars.

0.54

A624 Total reserves (includes gold, 
US$ millions)

Total reserves comprise hold-
ings of monetary gold, special 
drawing rights, reserves of 
IMF members held by the 
IMF, and holdings of foreign 
exchange under the control of 
monetary authorities. Data are 
in current U.S. dollars.

0.47

A864 International migrant stock 
(thousands)

International migrant stock 
is the number of people born 
in a country other than that 
in which they live (including 
refugees). The data used to 
estimate the international 
migrant stock at a particular 
time are obtained mainly from 
population censuses. 

0.57

A871 International tourist inbound 
(thousands)

International inbound tourists 
are the number of tourists who 
travel to a country other than 
that in which they have their 
usual residence, but outside 
their usual environment, for 
a period not exceeding 12 
months and whose main pur-
pose in visiting is other than 
remunerated activity within 
the country visited. 

0.79
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Basic information of the 22 pre-selected attributes or independent variables 
which may be associated to NFFC (cont.).

Dimension Variable 
code Description Details

Predict-
ability 
score

Structural

C1 Internet users per country

The live counters display 
the current estimate based 
on statistical analysis of data 
provided by the most reliable 
sources available. Data 
is gathered and retrieved 
from official sources, then 
processed and elaborated by 
the source in order to obtain 
the best possible estimate.

0.44

C3 Internet user growth in 1 year Data generated by us by 
means of subtraction. 0.42

E1 Voice and accountability

Reflects the extent to which 
a country’s citizens are able 
to participate in selecting 
their government, as well 
as freedom of expression, 
freedom of association, and a 
free media.

0.51

E5 Rule of law

Reflects the extent to which 
agents have confidence in and 
abide by the rules of society, 
and in particular the quality 
of contract enforcement, 
property rights, police, courts, 
as well as the likelihood of 
crime and violence.

0.43
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Basic information of the 22 pre-selected attributes or independent variables 
which may be associated to NFFC (cont.).

Dimension Variable 
code Description Details

Predict-
ability 
score

Social

B1 Estimated Muslim population Projections of these variables 
are generated from models 
commonly used by demog-
raphers around the world to 
forecast changes in population 
size and composition. The 
models follow what is known 
as the cohort-component 
method, which starts with a 
baseline population (in this 
case, the current number of 
Muslims in each country) di-
vided into groups, by age and 
sex. Each cohort is projected 
into the future by adding 
likely gains – new births and 
immigrants – and subtracting 
likely losses – deaths and 
emigrants.

0.56

B2 Percentage of population 
that is Muslim 0.61

D6 Alcohol consumers (%), past 
12 months – both sexes

Total number of individuals 
in a population who have 
consumed alcohol in the past 
12 months divided by the total 
population. 

0.44

D7 Alcohol consumers (%), 
past 12 months – female 0.52

H1 Life ladder

The English wording of the 
question is “Please imagine a 
ladder, with steps numbered 
from 0 at the bottom to 10 at 
the top. The top of the ladder 
represents the best possible life 
for you and the bottom of the 
ladder represents the worst 
possible life for you. On which 
step of the ladder would 
you say you personally feel 
you stand at this time?” This 
measure is also referred to as 
Cantril life ladder.

0.53



DADOS, Rio de Janeiro, vol.65 (3): e20190280, 2022 43-47

Agustín Pájaro, Ignacio J. Duran and Pablo Rodrigo

Basic information of the 22 pre-selected attributes or independent variables 
which may be associated to NFFC (cont.).

Dimension Variable 
code Description Details

Predict-
ability 
score

Social

H7 Perception of corruption

Perceptions of corruption are 
the average of binary answers 
to two questions: “Is corrup-
tion widespread throughout 
the government or not?” and 
“Is corruption widespread 
within businesses or not?”.

0.66

H11 Democratic quality

Individuals’ perceptions of 
voice and accountability, 
political stability and absence of 
violence, government effective-
ness, regulatory quality, rule of 
law, and control of corruption.

0.47

I4 Number of homicides per 
100,000 people

Intentional homicide refers to 
death deliberately inflicted on 
a person by another person, in-
cluding infanticide. The figures 
refer to the total number of penal 
code offences or their equivalent, 
brought to the attention of the 
police or other law enforcement 
agencies and recorded by one of 
those agencies.

0.72

I18 Nuclear and heavy weapons 
capabilities

This indicator concerns the 
perception of peace based on a 
categorized system for rating 
the destructive capability of 
a country’s stock of heavy 
weapons. Holdings are those 
of government forces and do 
not include holdings of armed 
opposition groups. 

0.54
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Basic information of the 22 pre-selected attributes or independent variables 
which may be associated to NFFC (cont.).

Dimension Variable 
code Description Details

Predict-
ability 
score

Social I19

Volume of transfers of major 
conventional weapons as 
supplier (exports) per 100,000 
people

Measures the total volume of 
major conventional weapons 
exported by a country between 
2008 and 2012 divided by the 
average population during 
this time period. It covers all 
international sales and gifts of 
major conventional weapons 
and the technology necessary 
for their production. Major 
conventional weapons include: 
aircraft, armored vehicles, ar-
tillery, radar systems, missiles, 
ships, and engines.

0.68
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RESUMO
Desvendando as Condições Espaciais, Estruturais e Sociais de Países para o Surgimento do Fenômeno 
do Combatente Estrangeiro: Uma Abordagem Exploratória do Caso ISIS pela Mineração de Dados 

Na atualidade, um dos maiores desafios para os governos é lidar com organizações 
terroristas radicais e, em particular, a forma como elas recrutam combatentes 
estrangeiros. Porém, pesquisadores até agora ignoraram que este fenômeno per-
tence ao reino da teoria da complexidade, falhando em determinar a combinação 
de variáveis de países que podem catalisar o problema. Esta é uma questão impor-
tante para nações que querem elaborar estratégias sociopolíticas eficazes para 
diminuir a adesão de combatentes estrangeiros a grupos extremistas ou, pelo 
menos, para reduzir a penetração de suas mensagens radicais. Portanto, para 
estudar este fenômeno, fizemos um estudo através da prática de mineração de 
dados para descobrir padrões a nível nacional que poderiam influenciar a inclusão 
desses jovens em grupos terroristas, usando como exemplo o caso do chamado 
Estado Islâmico. Após um procedimento de pré-seleção, as 950 variáveis inicial-
mente selecionadas foram reduzidas para 22, e subsequentemente utilizadas em 
árvores de decisão. As descobertas revelam a existência de seis grupos específicos 
de países, caracterizados por variáveis espaciais, estruturais (econômicas e políti-
cas) e sociais que criam um ambiente favorável para o surgimento deste fenômeno. 
Posteriormente, discutimos recomendações acadêmicas e práticas.

Palavras-chave: teoria da complexidade; mineração de dados; combatentes 
estrangeiros; ISIS; descoberta de conhecimento em bancos de dados.

ABSTRACT
Unraveling Spatial, Structural, and Social Country-Level Conditions for the Emergence 
of the Foreign Fighter Phenomenon: An Exploratory Data Mining Approach to the Case 
Of ISIS

Governments face a tough and timeless challenge: dealing with the capability of 
radical terrorist organizations to recruit foreign fighters. However, scholars so far 
have ignored that this phenomenon pertains to the realm of complexity theory, 
failing to determine the combination of country-level variables able to catalyze this 
issue. This is an important concern if countries want to design effective socio-po-
litical strategies aimed at decreasing terrorist groups’ capability to enroll foreign 
fighters or, at least, to curtail the penetration of their radical message. Thus, to 
address this issue we undertake an exploratory data mining approach (knowledge 
discovery in databases) to discover country-level patterns which might engender 
conditions that induce people to join an extremist organization, based on the case 
of ISIS. After a pre-selection procedure, the 950 variables initially selected were 
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reduced to 22, and subsequently used in decision tree algorithms. Findings reveal 
the existence of six specific country clusters, which are characterized by some 
spatial, structural (economic and political), and social variables that create favor-
able conditions for the emergence of the phenomenon. Academic and practical 
recommendations are then discussed. 

Keywords: complexity theory; data mining; foreign fighters; ISIS; knowledge 
discovery in databases. 

RÉSUMÉ
Découvrir les Conditions Spatiales, Structurelles et Sociales des Pays pour L’Émergence du Phénomène 
des Combattants Étrangers: Une Approche Exploratoire du Cas ISIS par le Data Mining

L’un des plus grands défis pour les gouvernements aujourd’hui est de traiter avec 
les organisations terroristes radicales et, en particulier, la façon dont elles recrutent 
des combattants étrangers. Cependant, les chercheurs ont jusqu’à présent ignoré 
que ce phénomène appartenait au domaine de la théorie de la complexité, n’ayant 
pas réussi à déterminer la combinaison de variables nationales pouvant catalyser le 
problème. Il s’agit d’un enjeu important pour les nations qui souhaitent concevoir 
des stratégies sociopolitiques efficaces pour diminuer l’adhésion des combattants 
étrangers aux groupes extrémistes ou, à tout le moins, réduire la pénétration de 
leurs messages radicaux. Par conséquent, pour étudier ce phénomène, nous avons 
mené une étude à travers la pratique de l’exploration de données pour découvrir 
des modèles au niveau national qui pourraient influencer l’inclusion de ces jeunes 
dans des groupes terroristes, en prenant comme exemple le cas du soi-disant État 
Islamique. Après une procédure de présélection, les 950 variables initialement 
sélectionnées ont été réduites à 22, puis utilisées dans les arbres de décision. Les 
résultats révèlent l’existence de six groupes spécifiques de pays, caractérisés par 
des variables spatiales, structurelles (économiques et politiques) et sociales qui 
créent un environnement favorable à l’émergence de ce phénomène. Nous discu-
tons ensuite des recommandations académiques et pratiques.

Mots-clés: théorie de la complexité; exploration de données; combattants étrang-
ers; ISIS; Découverte des Connaissances dans les Bases de Données.
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RESUMEN
Descubriendo las Condiciones Espaciales, Estructurales Y Sociales De Países para la Aparición 
del Fenómeno del Combatiente Extranjero: Un Enfoque Exploratorio del Caso ISIS por la Minería 
De Datos

Hoy en día, uno de los mayores desafíos para los gobiernos es tratar con organi-
zaciones terroristas radicales y, en particular, cómo estas reclutan a combatientes 
extranjeros. Sin embargo, hasta ahora los investigadores han ignorado que este 
fenómeno pertenece al ámbito de la teoría de la complejidad, fallando en determi-
nar la combinación de variables de países que pueden catalizar el problema. Esta 
es una cuestión importante para las naciones que desean desarrollar estrategias 
sociopolíticas eficaces para reducir la composición de combatientes extranjeros a 
grupos extremistas o, al menos, para reducir la penetración de sus mensajes rad-
icales. Por lo tanto, para estudiar este fenómeno, realizamos un estudio a través 
de la práctica de la minería de datos para descubrir estándares nacionales que 
podrían influir en la inclusión de estos jóvenes en grupos terroristas, utilizando 
como ejemplo el caso del llamado Estado Islámico. Después de un procedimiento 
de preselección, las 950 variables seleccionadas inicialmente se redujeron a 22, 
y posteriormente se utilizaron en árboles de decisión. Los resultados revelan 
la existencia de seis grupos específicos de países, caracterizados por variables 
espaciales, estructurales (económicas y políticas) y sociales que crean un entorno 
favorable para la aparición de este fenómeno. Más tarde, discutimos recomenda-
ciones académicas y prácticas.

Palabras-clave: teoría de la complejidad; minería de datos; combatientes extran-
jeros; ISIS; descubrimiento de conocimientos en bases de datos.


	_Hlk58929937
	_Hlk58929981
	_Hlk58924457
	_Hlk58924016
	_Hlk58926247
	_Hlk78381454
	_Hlk58931099
	_Hlk58924718
	_Hlk58924746
	_Hlk58927691
	_Hlk24549994
	_Hlk58927701
	_Hlk25057251
	_Hlk58927712
	_Hlk58927726
	_Hlk58927737
	_Hlk58927763
	_Hlk25078612
	_Hlk58927801
	_Hlk58927861
	_Hlk24984152
	_Hlk58927813
	_Hlk25071955
	_Hlk58927823
	_Hlk58927967
	_Hlk24983781
	_Hlk58927836
	_Hlk58855585
	_Hlk58943968
	_Hlk58943944

