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ABSTRACT  

 
This systematic review article focuses on the geospatial issues of radicalism and 
extremism. The scholar has intensified the application of geospatial in radicalism and 
extremism study to understand better the causes, patterns, and trends of the radicalism 
and extremism incidents. The advanced geospatial approach provides more spatio-
temporal information on radicalism and extremism incidents'. It improves the 
conventional study method that only focuses on fundamentals and theory. 
Unfortunately, some geospatial issues from previous radicalism and extremism studies 
have been found. Hence, the present study reviewed past studies on geospatial 
applications in radicalism and extremism. Meanwhile, the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) method were used to review the 
current research. This systematic review utilises two major journal databases, Scopus 
and Web of Science. Searching works found in a total of 24 articles can be analysed 
systematically. The selected article was separated into four corresponding geospatial 
analysis types: distribution pattern analysis, cluster analysis, statistical and prediction 
analysis, and 3D technology. Finally, several recommendations were offered after this 
study for future scholars' consideration.  
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1.  Introduction  
 
The term radicalism and extremism has not yet been well defined 
but has developed and improved. Some research has defined 

radicalism and extremism. However, radicalisation most often 
centres around two different foci. Firstly on violent radicalisation, 
where the emphasis is put on the active pursuit or acceptance of 
violence to attain the stated goal. Secondly, on a broader sense of 
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radicalisation, where the emphasis is placed on the active pursuit 
or acceptance of far-reaching changes in society, which may or 
may not constitute a danger to democracy and may or may not 
involve the threat of or use of violence to attain the stated goals 
(Veldhuis & Staun, 2009). Extremism is the commitment to 
extreme forms of resolving social conflicts, so it allows and 
justifies the need to use violent means, including terrorism and 
different manifestations (Baisagatova et al., 2016). Besides that, 
extremists usually do not qualify for another point of view, and 
they hold their opinion as being quite exclusive when they do not 
allow for the possibility of differences. The occurrence of 
terrorism events until 2019 had shown a decreasing trend. The 
number of deaths has decreased by 52 per cent since 2014, from 
33,555 to 15,952. However, it is still a severe and significant 
issue in many countries. In 2019, 63 countries recorded at least 
one death from a violent act, while seventeen countries recorded 
more than 100 deaths from terrorist incidents, this trend has 
shown that the violent act is still widely spread globally (Peace & 
World, 2020). Terrorism has transformed the environment and 
created a severe challenge for many countries in recent years. 
Scholars are attracted on how GIS can contribute to radicalism 
and extremism. 
 
Although many studies focus on the GIS approach in radicalism 
and extremism, there was still a small amount of systematic 
review of the previous studies. Hence the present article 
conducted a systematic literature review to address spatial-related 
issues in radicalism and extremism studies involving the GIS 
approach.  
 
Doing a systematic review of past studies is crucial. As mentioned 
by (Neal Robert Haddaway & Macura, 2018), traditional 

literature may lack transparency, making it impossible to verify 
how rigorously they were conducted, whether they missed 
necessary evidence, or may reflect vested interests. Besides, this 
also might reduce the reliability and usability of a synthesis. 
Instead, systematic reviews that use rigour to synthesise data from 
many research may be required. The systematic review is a 
research synthesis that relies on evidence-based methods to 
maximise rigour and minimise susceptibility to bias. (Neal R. 
Haddaway et al., 2020). Systematic reviews involve steps to 
mitigate biases and limitations. Most importantly, perhaps, they 
aim to be as transparent as possible by documenting all activities 
during the reviewing process (Neal Robert Haddaway & Macura, 
2018).   

1.1 Background of Radicalism and Extremism 
 

Radicalism and extremism are frequently misused concepts. The 
war that took place has confused in distinguishing between these 
two terms. The violent action during the incidents gave the 
community the impression that radicalism and extremism were 
groups in the same circle. This impression happens when people 
only assess radicalism and extremist actions from the point of 
view of violence. Undeniably, most radicalism and extremism 
events will end up with the destruction and damage to property 
and possibly even life. There are ten critical distinctions between 
radicalism and extremism, focusing on the action taken by the 
perpetrator, the concept practised, and the ideology (Bötticher, 
2017). Table 1 lists the ten differences between radicalism and 
extremism.  
  

 
Table 1: Difference between radicalism and extremism 

 
Aspect Radicalism Extremism 

Types of 
violence  

• Tend to use political violence 
pragmatically and on a selective basis 

• Consider violence against their enemies 
as a legitimate form of political action 
and tend to embrace extreme forms of 
mass violence as part of their political 
ideology 

Consent to 
democratic 
action 

• Radicalism is emancipatory (freedom on 
social or political freedom and rights) and 
not anti-democratic. Democracies can live 
with radicals but not with 
uncompromising, aggressive extremist 
militants. 
 

• Extremism is anti-democratic action that 
aims to eliminate representative 
government and the rule of law. 
Extremist movements cannot be 
integrated into societies due to their 
intolerance toward ideologies other than 
their own. 

Human rights • Not opposed to equal human rights; 
historically, progressive radicals have 
sought to extend human rights to the 
underprivileged. 

• Extremists openly confront the notion of 
universal human rights and those 
institutions that serve to uphold them for 
all. 

Acceptance of 
an open-
minded society 

• Radicalism action may differ from the 
continuation of the status quo, but they do 
not seek to close open societies and do not 
destroy diversity in society. 

• Extremists want to close/ reject the 
open marketplace of the idea. Extremism 
is extreme in both its goals and the 
choice of means to reach them. 

Acceptance of 
the 

• Radicalism stands in rebellious opposition 
against the establishment. 

• Against those who do not embrace its 
principle in transforming society. 
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establishment 
Reaction when 
in the weak 
phase 

• When numerically weak, radicals can 
withdraw from mainstream society into 
intransigent isolationism, co-existing with 
plural societies and not continuously 
seeking a direct conflict with society.  

• Extremists engage in provocative and 
aggressive interventions against the 
established order when numerically 
weak.  

Morality  • It is oriented more towards a universal 
morality. 

• It is characterised by a particular 
morality valid only for its members. 

Concept and 
ideology 

• Radicalism has been more egalitarian and 
less elitist. 

• Extremists are supremacists opposed to 
the sovereignty of the ordinary people. 
The concept of extremism is closely 
linked to authoritarian dictatorships and 
totalitarianism. 

 
 
The differences in Table 1 have brought to the varying factors 
causes of radicalism and extremism incidence, which can be 
social, political, economic, individual, modernisation, etc.  
 
Many factors can contribute to the occurrence of radicalism and 
extremism. The factor of radicalism needs attention as it is vital 
for the future deradicalisation process. Previous cases of 
radicalism and terrorism have shown that multiple factors can act 
as catalysts, triggering the outbreak of such incidence. Much 
research has been done to study the roots of radicalisation and 
violent acts. It has been found that an enormous scope of factors 
can be related to radicalisation. For example, demographic and 
socioeconomic factors such as poverty, inequality, and economic 
issues contributed to the violent act (Ehrlich & Liu, 2002). 
Another studied had found a connection between poverty, 
education, and terrorism, where reducing poverty or increasing 
education will reduce the number of violent acts (Krueger & 
Malečková, 2003). Most studies focused on the economic scope in 

explaining the causes of radicalisation. Poverty can contribute to 
radicalisation in the context of the economic factor. However, it 
needs to be realised that not all impoverished individuals are 
involved in radicalisation. Poverty is not a direct factor but 
depends on individual and social aspects (Veldhuis & Staun, 
2009). 
 
Figure 1 shows the model developed to explain how different 
factors and levels related to each other and how those factors 
contributed to radicalisation (Veldhuis & Staun, 2009). There are 
distinguishing factors layers at the micro and macro levels. The 
model clearly shows that many factors are related to 
radicalisation, where individual factors as the central point, as 
individuals are strongly influenced by their environment. The 
environment can be classified in terms of the political 
environment, social environment involving religion, and 
ethnicity.

 
 

 
 

Figure 1: Casual factor of radicalisation 
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Based on Figure 1, radicalism and violent extremism were 
separated into macro and micro factors. Macro-level variables 
influence social structures and include, among other things, 
demographic changes, political, economic, and cultural shifts, 
educational attainment, and labour-force involvement. The 
model's two inner layers represent the micro-level emphasising 
the individual's importance as an embedded unit. The micro-level 
is further subdivided into social and individual factors. Social 
factors, represented by the second or middle layer, define the 
individual's relationship to relevant others. The model's third and 
final layer represents causative factors at the personal level. 
Individual factors, like social factors, are subcategorisation of 
micro-level variables. Individual variables include psychological 
traits, personal experiences, and personal ideas and values. The 
biological differences between men and women, and the 
consequent behaviour implications of those natural disparities, 
provide a simple illustration of how individual traits impact 
human behaviour. Similar to this model, (Allan et al., 2015) also 
came up with a multi-layer radicalism and extremism factor. 
Conversely, the authors have devised the idea to group the macro 
level as the push factor while social and individual factors as the 
pull factor.  
 
However, the factors for radicalism and extremism can be better 
understood from a geographic perspective. Where and when the 
incident happens, and what triggers them to occur, is the big 
question that needs to be understood to prevent radicalism and 
extremism. The historical event helped people to understand 
more about the factor and the causes of such incidence.  
 
Even though the research on radicalism and extremism was still 
low, the research increased yearly after the 11/9 incident. 11/9 
was the starting point that attracted more researchers to study 
radicalism and extremism to understand the behaviour of radicals 
and extremists. The systematic study of terrorism began decades 
ago, assuming that understanding and combating this type of 
political violence was urgently needed (Bahgat & Medina, 2013). 
The September 11th, 2001 terrorist attacks dramatically extended 
this community of terrorism academics and encouraged attempts 
for new and novel research methodologies from a wide range of 
disciplines, ushering in what some have dubbed as the second 
wave of terrorism study (A. U. Khan, 2005). 
 
The latest method of research used for radicalism seems more 
focused on the use of GIS technology. However, non-geospatial 
research is still crucial and contributes to geospatial research. It 
can be seen that geospatial technology has enhanced non-
geospatial research. Geospatial help create the relationship 
between the time, location and situation and give a more 
understanding to analyse the radicalism incident. However, non-
geospatial research is still needed to strengthen further the analysis 
of studies conducted using geospatial and verification purposes. 
All studies will usually be related to theory and basic field 
knowledge. 
 
Radicalism and extremism happen anytime and everywhere 
around the world at different locations. Every location brings 

different perspectives. Among the perspective are social, political, 
economic, and individual.  This shows that the occurrence of 
radicalism and extremism incidents is varied in terms of location, 
time, and causes. Apart from that, radicalism and extremism have 
been increasingly subjected to scientific study. It involved the 
social science area and involved many kinds of other studies area 
including Geographic Information Systems (GIS). GIS can provide 
more information on incidence patterns and improve the 
conventional radicalism and extremism study method. The 
geospatial approach provided geographical connections that would 
otherwise go neglected or ignored in traditional terrorism and 
counter-terrorism research (Henkin et al., 2020). 
 
2. Methodology 
 
2.1 PRISMA 
 
This systematic review was conducted using the reporting 
guidelines in the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA). PRISMA is a published 
standard for conducting a systematic literature review. PRISMA's 
general concepts and topics are relevant to any systematic review 
(Moher et al., 2009). 
 
2.2 Data Source And Search Term 
 
The data for this systematic review were retrieved mainly from 
the electronic bibliographic database of Web of Science and 
Scopus. Besides, the JSTOR database is also used to retrieve the 
fundamentals of the radicalism and extremism theory. JSTOR 
encompasses books, other primary sources, and current issues of 
humanities and social sciences journals. Due to the low number of 
research, a google scholar database is also included to increase the 
number of the journal. Even so, minimal studies still focus on 
both subjects, radicalism and extremism. The time interval was 
started from early 2000 until 2021. Several steps were taken to 
identify significant literature for this review. 
 
2.3 Systematic Review Process 
 
2.3.1 Identification 
 
The systematic review process involved three main stages in 
selecting the relevant articles. The first stage is the identification 
using the keywords and other related and similar terms. This 
systematic review searched for the associated keywords and terms 
with 'radicalism' and 'extremism'. Then, follow with the 
'geospatial' words. After that, both queries were combined with 
the 'AND' operator to identify literature likely to contain studies 
on both topics.  Table 2 shows the search string on the Scopus and 
WOS database. Current research retrieved 20 articles from both 
databases, while manual searching contributed to the 17 articles. 
In total, 37 articles were retrieved in the first stage of the 
systematic review process. 
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Table 2:  Search string 

Database Search String 
WoS ((“radicalism” OR “radical” OR “extremism” OR “extremist” OR “terrorism” OR “terrorist” OR 

“violence” OR ) AND (“geographic information system” OR  “geographic” OR “GIS” OR 
“geospatial” OR “spatio-temporal” OR “spatial analysis”)) 

Scopus Article Title-Abstract-Keywords ((“radicalism” OR “radical” OR “extremism” OR “extremist” OR 
“terrorism” OR “terrorist” OR “violence” OR ) AND (“geographic information system” OR  
“geographic” OR “GIS” OR “geospatial” OR “spatio-temporal” OR “spatial analysis”)) 

 
 
2.3.2 Screening 
 
The screening was done mainly to remove the duplicated articles. 
Three articles were eliminated during the first stage. In the second 
stage, 37 articles were screened based on the eligibility criteria. 
The article that was considered eligible for this review were 
assessed on a) published in English, b) reviewed journal articles, c) 
radicalism and extremism as the main topic, and d) presented the 
application of geospatial analyses. Moreover, it is crucial to note 
that 11 years (2010- 2021) were chosen for the timeline. The 
2010- 2021 period is selected because geospatial only became 
popular among radicalism and extremism after 9/11.  
 
2.3.3 Eligibility Criteria 
 
A total of 34 articles then moved to the third stage, known as 
eligibility. At this stage, the article's title, abstract, and main 
contents were examined thoroughly to ensure that they fulfilled 
the inclusion criteria to achieve the objective of the current 
research. Consequently, ten articles were excluded because they 
are not based on the subject area and do not use geospatial as the 
main method. Finally, a total of 24 are ready to be analysed. 
Figure 2 shows the flow diagram of the study. 
 
2.3.4 Selection of Studies  
 
All citations retrieved through database searching were imported 
into Mendeley reference manager software for curating the 
collective bibliography. Then, the variable of a) publication 
details, b) the objective of the study, c) the data sources, d) the 
scope of radicalism studies, e) the application of geospatial 
analysis, and f) research output and finding from the selected 
journals article were extracted.  

2.3.5 Summary And Characteristics Of Review Articles 
 
These studies retrieved 37 research. After applying the selection 
process, summarised in Figure 2, 24 studies were included for 
review. The research paper was categorised into four general 
groups based on the geospatial analysis applied in the study. The 
selected article was published in a peer-reviewed journal such as 
Terrorism and Political Violence, Perspectives on Terrorism, and 
Behavioral Science of Terrorism and Political Aggression.  
 
In total, 10 out of 24 studies choose Middle East countries (Iraq, 
Iran, and Afghanistan), Kenya (2), Nigeria (2), Indonesia (2), 
America (1), and Malaysia (1) as their study area. Several studies 
involve global-scale analysis. Another study involves Asian 
countries such as Malaysia, the Philippines, Indonesia, and 
Thailand. The high number of studies concerning the Middle East 
can be due to the country's situation, which is undergoing a series 
of long-term wars.  
 
Esri ArcGIS was the most common platform used in the review 
research. Besides, some of the studies used open-source platforms 
like QGIS for the data analysis process. 80% of the studies used 
the Global Terrorism Database (GTD) as the leading platform for 
the data source. The GTD is the most extensive terrorist 
database. The database contains roughly 120 pieces of 
information, including the targeted location's name and 
coordinates, assault date and time, attack method (e.g., 
bombing), offender identity, and other relevant details. Until July 
9th 2020, the database had more than 200,000 terrorism incidents 
recorded from 1970 to 2019. The database is updated once a year. 
Apart from all review articles, two studies used remote sensing 
data such as aerial photogrammetry and USGS satellite image as 
the support data to interpret their finding and 3D analysis.
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3. Result and Analysis 
 
Geospatial can provide more information on the geographical 
patterns of radicalisation and improve the conventional method in 
radicalism study. The geospatial approach provided geographical 
connections that would otherwise go neglected or ignored in 
traditional terrorism and counter-terrorism research(Henkin et 
al., 2020). This review focused on the different geospatial 
approaches in radicalism studies. The selected article in this 
review was separated into four thematic groups based on the 
geospatial analysis types; attack trend pattern (n=12), Incident 
distribution (n=8), Predicting future incidents (n=7), and the use 
of 3D geospatial analysis (n=2). 
 
3.1 Distribution Pattern of Radicalism and 
Extremism 
 
Identifying geographic patterns is essential for understanding how 
geographic phenomena behave. In radicalism and extremism 
studies, pattern analysis started to be used after 2000. However, 
it was widely used after the incident of 9/11 as researchers began 
to understand more about the behaviour of the radicals and 
extremists. The increasing data source is also one of the reasons 

trend pattern analysis developed among radicalism studies (Webb 
& Cutter, 2009). A substantial number of studies were found to 
apply spatial-temporal and statistical analysis in analysing distinct 
aspects of radicalism and extremism. Most of these works were 
focused on analysing the spatial distribution pattern of radicalism 
and extremism cases using the previous incident data.  
 
3.1.1 Spatial Distribution Pattern 
 
A study by Chukwudi (Okeniyi et al., 2018) examined terrorism 
in Africa using Nigeria and Kenya as case studies. From 2010 to 
2016, terror incidents were investigated using Armed Conflict 
Location and Event Data data. Density and hot spot analysis were 
applied to study the attack pattern in Negeri and Kenya. Using the 
additional information from the data collected, the researcher 
examines the mode and target of attack types used by the radicals 
and extremists. Results showed similarities in the trend of attacks 
in both countries, peaking in 2012 and declining in 2016. The 
shooting was the highest mode of attack in Nigeria and grenades in 
Kenya, with civilians mainly targeted, resulting in deaths and 
injuries, which climaxed in 2014. 
 
Another study (Chen & Mu, 2021) performed a trend analysis to 
analyse the number of terrorist attacks in the Belt and Road 

Scopus, n=10 Web of Science, n= 
10 

Other established sources: 
JSTOR  

Science Direct 
Google Scholar 

n= 17 

Total Journal 
Retrieved n=37 

 Not related to topic, 
n= 5  

Abstract Screening 
n=34 

  Duplicated  
n=3 

n=29 

 Do not applied 
geospatial n= 5  

Selected Article 
n=24 

Distribution 
Pattern 
 n= 5 

Cluster Analysis 
 n=4 

Statistical Analysis 
and Prediction 

n=13 

Geospatial 3D 
Analysis  

n=2 

Identification 

Screening 

Eligibility 

Inclusion 

Figure 2: Geospatial applications in radicalism and extremism research literature search and evaluation for inclusion 
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regions. This study seems different as the scale does not focus on 
the region or sub-region, but the area was grid into hexagonal unit 
cells. Figure 3 shows the gridding result of the study area using 
the honeycomb model. Honeycomb was claimed to be the best 
topological structure covering a two-dimensional plane and help 

reduce distortion caused by the earth's curvature when a large 
study area is involved. Most people were alert that terrorists, 
radicalism, and extremism usually occurred in the Middle East. 
This study discovered that many terrorist attacks occurred, with 
Iraq having the most attacks.  

 

 

Figure 3 The result of attack distribution using the honeycomb grid 
 
 
3.1.2 Temporal Distribution Pattern 

Violent acts by extremists, radicals, and terrorists do not occur 
spontaneously, but it is the planning work prepared before the 
targeted attack. Figure 4 shows the general principle of terrorist 

attacks and examples of planning activities involved in the 
planning. From this figure, it can be summarised that the violent 
act required a specific period to move from one phase to another 
phase.  

 

 

Figure 4 General principles and examples of each type of behaviour

Two studies focus on the temporal pattern to study the time the 
radical shifts from the recruited phase to the incident day. Using 
29 and 30 sample data,(Cothren et al., 2008) and (Smith et al., 

2008) measured the time the radical allocated to move from a 
planning phase to incident day. From the analyses, (Cothren et al., 
2008) found that almost 14 days are required from the planning 
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phases to the attack incident day. However, (Smith et al., 2008) 
conclude that only 24 hours are needed to start the incident after 
the last planning preparation. Figure 5 shows the result produced 
by (Cothren et al., 2008). However, from the result, the patterns 
shown in the figure reflect "averages" rather than behavioural 

trends. This can be due to the number of outliers affecting these 
statistics. Hence, temporal distribution analyses are needed to 
help the researcher predict the future incident by observing the 
previous trend. However, a large data sample may be required to 
understand the movement (Li et al., 2018).  

 
 

 

Figure 5: Behavior temporal trend of violence activity planning 
 
Besides mapping the incidents based on the location, another 
research was done by (Chen & Mu, 2021) and (Li et al., 2018) to 
analyse the distribution of the terrorist attack temporally. (Li et 
al., 2018) has used wavelet analysis to determine the distribution 
law of terrorist attacks in BRI regions for ten years. The wavelet 
function may uncover hidden change phases in diverse time series 
and represent a trend at different time scales. Figure 6 shows an 
example of the result of the study. Dark colours show a higher 
number of events, and light colours show fewer numbers of 
events. This study also mentions that most attacks occur on 
Fridays and during the weekend.  

 
(Chen & Mu, 2021) examined the distribution pattern in two 
ways: the periodic characteristics of the group and the link 
between behaviour and the network. However, as operation-
oriented terrorist groups have some specific characteristics, only a 
thorough understanding of the characteristics can effectively 
predict their behaviour. Both studies also overcome the issue of 
the previous research, which either considered spatio-temporal 
characteristics in a limited way or analysed such characteristics 
without connecting them. 

 

 

Figure 6 Contour map shows the week-year relationship between the incidence of events. 
Dark colours show a higher number of events, and light colours show less number of events. 
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3.2 Cluster Analysis 
 
Cluster analysis was performed to identify statistically significant 
hot spots, cold spots, spatial outliers, and similar features or 
zones. Clustered mapping allows visualisation of the cluster 
locations and extent.  
 
A study done by (Rokhman et al., 2020) applied spatial multi-
criteria analysis to study the distribution of radicalism based on 
the targeted attack; church, residential, police station, business, 
and government building. The AHP method was used to calculate 
the vulnerability index and sensitivity analysis to validate the 
result.  Another study by (Zhang et al., 2018) used a machine 
learning approach (Python Programming) to study the distribution 
of radical incidents with multi-factor within 11 countries. A result 
produced with 88% accuracy showed that the Indochina Peninsula 
and the Philippines are high-risk areas, and medium-risk areas are 
mainly distributed in the coastal regions. This study looks to 
improve the previous research as they included other factors of 
radicalism instead of time, location, type of attack, and type of 
target, which is commonly used by the earlier study.  
 
Different studies have applied several methods to map the pattern 
of radicalism incidents. For example, the IDW method (I. Khan et 
al., 2020), Moran's I analysis (Siebeneck et al., 2009), and Person 
R correlations (Okeniyi et al., 2018) were used to analyse the 
distribution of the number of incidents, the number of deaths, 
types of attack, type of weapon used, and types of target attack 
within a specific time and location. At the end of the studies, risk 
assessment was done by compositing all the distribution maps to 
analyse the high level of risk location. By using the result, future 
radical incidents were predicted. However, it is good to include 
the causes of radicalism in the analysis because any risk location 
for radical incidents has its own related causes of radicalism. 
 
3.3 Statistical Analysis and Prediction  
 
Most of the studies were focused on examining the spatial 
distribution and relationship between the location of radicalism 
incidents, number of deaths, types of targets, and types of attacks. 
Prediction of future incidents of radicalism was one of the studies 
that were difficult to be found. However, these studies found 
seven articles related to the prediction of future incidents. The 
previous researcher had applied many methods to predict the 
future violent act, including using the spatial regression statistical 
and machine learning approach. 
 
3.3.1 Geographically Weighted Regression (GWR)  
 
Geographically Weighted Regression (GWR) is a local form of 
linear regression used to model spatially varying relationships. A 

GWR approach models the relationships that vary over space by 
introducing distance-based weights to provide parameter 
estimates for each variable and geographical location. A study by 
(Nadir et al., 2010) analysed the effects of terrorism on economic 
growth across provinces of Turkey from 1987 to 2001 using a 
geographically weighted regression approach. The empirical result 
suggests that the GWR model outperforms the classic global 
model in model fitting, implying that the old global model is 
misspecified. Furthermore, the GWR model estimates indicate 
significant differences in parameter estimations, particularly in the 
case of terrorism.  
 
(Gao et al., 2013) used spatial scan and space-time statistics to 
predict the radicalism incident at an early stage. (Jha, 2009) and 
(Brown et al., 2004) use the concept of crime to model the 
prediction of radical events. (Jha, 2009) used Dynamic Bayesian 
Network to predict the likelihood of future attacks, which acts as 
an initial step in predicting terrorist behaviour at critical transport 
infrastructure facilities. A study by (Caplan et al., 2011) applied 
risk terrain modelling to predict the crime event and criminal 
behaviour, including shootings, aggravated assaults, assaults on 
police officers, and terrorism at the province level. Another study 
by (Basu et al., 2017) used GIS and machine learning random 
forest methods to predict radicalism. Various parameters, such as 
the date and incident information, incident location, attack and 
weapon information, and target information, were used to 
develop the model.  
 
3.3.2 Forest-based Classification and Regression 
 
A study by (Hao et al., 2019) predicted the risk of terrorist attacks 
on the Indochina Peninsula by using (1) social, (2) natural, and 
(3)geographical elements as the parameter to run the prediction. 
After applying Kernel Density to analyse the evolution of terrorist 
attacks from a time and space perspective, the author prepared 
spatial geographic data and corresponding raster data of the 
terrorist attack and constructed the RF algorithm to predict 
terrorist attacks at the spatial scale of the Indochina Peninsula. 
The author seems to improve the previous studies primarily on 
the national scale, focusing only on the time and location 
parameters. Figure 7 demonstrates how to simulate a terrorist 
attack using the RF model. An RF classifier with various element 
kinds was applied to estimate future terrorist threats. This study 
found Thailand is the most hazardous location for terrorist attacks, 
according to the possible terrorist attack risk zones, notably in 
southern Thailand, Bangkok, and its surrounding cities. The 
centre of Cambodia and sections of Myanmar's north and south 
were categorised as high-risk zones. 
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Figure 7 The system architecture that is used for predicting a terrorist attack 
 
 
A study by (Kanika et al., 2019) concentrated on examining the 
GTD dataset and making predictions on several aspects that 
could have harmed terrorism. This study focused on analysing 
the dataset of GTD and predicting different factors that might 
have given a blow to terrorism. Various data mining and 
machine learning algorithms such as SVM, Random Forest, and 
logistic regression were used. Research by  (Kalaiarasi et al., 
2019) has developed multiple classifiers for the terrorist group 
and predicted terrorist activities using the k-NN algorithm and 
Random Forest techniques. They used the GTD dataset for the 
detection of terrorism.   
 
A study by (Maniraj et al., 2019) developed a system that 
examines the growth or decay of terrorist groups by the time, 
location, type of attack, target motives, weapon type, and 
availability. They analysed the GTD dataset and used a machine-
learning algorithm to predict the probability of attacks in 
different regions. In 2019, (Freilich et al., 2015) studied the 
dynamics of unclaimed terrorism events in Pakistan using 
machine learning algorithms. They predicted terrorist attributes 
such as an attack, target, weapon type, spatial attack, and 
lethality. The study attempted to match the unattributed 
terrorist attack to known terrorist groups.  
 
Another research in 2019 (Ahmad et al., 2019) developed a 
method for detecting and classifying social media-based 
extremist affiliations based on sentiment analysis. The focus was 
to classify tweets into extremist and non-extremist classes. The 
system uses deep learning-based sentiment analysis to classify 
the tweets. Other similar studies in 2020 can be found in  (Gui 
et al., 2020) and (Yu et al., 2020). 
 
Apart from the various method used, some improvements have 
seemed to expand the use of geospatial to predict the future 

radical event. But still, some improvement needs to be done in 
choosing the parameter for the model. The study only focuses 
on the incident's time, location, and frequency as the prediction 
indicator. This is because each site has a different factor in the 
occurrence of the radical incident. 
 
3.4 3D Analysis  
 
Geospatial analysis not only concentrated on 2D analysis but also 
involved 3D modelling. The 3D approach is popular in other 
fields such as urban planning, construction, medical, and 
historical building study. However, little research has applied 
this approach in radicalism and extremism studies. GIS's 
potential to simulate local spatial interactions to protect 
individuals from terrorism situations in a 3D model. Research 
(Kwan & Lee, 2005) has focused on using the 3D approach to 
prevent and respond to future terrorism incidents. They have 
conducted a study to examine the possibility of utilising real-
time 3D GIS to implement GIS-based intelligent emergency 
response systems (GIERS) to assist in rapid emergency response 
to terrorist attacks on multi-level facilities. 
 
Another research (VanHorn & Mosurinjohn, 2010) examines 
the prevention of terrorism using 3D model analysis to protect 
populations in urban environments. They found that creating 
urban viewsheds using DSMs and visualisation can estimate the 
area where a target would be vulnerable to sniper attack. Apart 
from this study, there is no other study that has concentrated on 
GIS's potential to simulate local spatial interactions to protect 
individuals from terrorist situations in a 3D model. 
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4. Discussion 
 
The number of studies that applied the geospatial approach in 
radicalism and extremism studies is still low. However, previous 
studies have shown that geospatial is directly or indirectly 
involved in increasing the understanding of radicalism, especially 
in spatial and temporal scope. Geospatial had improved the 
temporal pattern analysis. Temporal analysis is used to analyse 
the pattern of terrorist distribution at a specific location within a 
particular duration, such as daily, weekly, yearly, and monthly 
(Millett, 2009). Literally, from all the previous research, some 
improvements can be made to increase the use of geospatial 
applications in studying radicalism and extremism. 
 
Firstly, the limitation or the geospatial issues in the previous 
study can be found in the parameter used for the analysis. Most 
studies are concentrated on time and location, type of attack, 
type of target, and type of weapon for the research until some 
important parameter was neglected. As mentioned before, it is 
better to include the aspect of the causes of radicalism in the 
analysis. When the cause of radicalism is included, much other 
valuable and essential information can be analysed and 
extracted. For example, if the causes of radicalism at a location 
are due to religion, the probability of worship being the target is 
high. In contrast, if radicalism is due to poverty, it is possible for 
the religious building to be the targeted attack. So, when it 
comes to analysis, more focus can be directly done by analysing 
the parameter related to the causes of radicalism.  
 
Large scale study seems to be less valuable compared to a small-
scale study. Small scale can be easy to integrate and provide 
helpful information that various parties, such as the state 
authority, can use. This information can be used to 
counterattack the radicals and extremists.  However, many data 
or samples are needed to produce a high accuracy result. 
 
The data collection was the most challenging part of using the 
geospatial approach in radicalism and extremism studies 
(Freilich et al., 2015). The methodology used to gather the data 
is still the issue in applying the geospatial approach to radicalism. 
As mentioned by (Okeniyi et al., 2018), the researchers were 
highly dependent on just two methodologies for data collection 
(1) the analysis of documents (or secondary data analysis) and 
(2) form interviewing. In 2010, (Freilich et al., 2015) stated 
concerns over the reliability of research that depends heavily on 
such open sources. Nowadays, many available databases, such as 
GTD, seem to be used as the source of data gathering. The 
question is now how the sincerity of this data source can be 
trusted without doubt and how to ensure that this data source 
supplies accurate and unquestionable data. 
 
Undeniable direct inventory (parameter) data such as the 
incident location, timing of incidents, types of attack, number of 
death, types of weapons and other related data is essential to 
map the distributions, trends, patterns and predicting radicalism 
incidents. However, indirect parameters are also crucial to run 
the analysis and produce a more accurate result. Historical 
radicalism incident has proved that many causes lead to 
radicalism, such as crime, ethnicity, poverty, economic, 

religious, and political (Veldhuis & Staun, 2009). So, it is 
essential to consider the causes factor to produce more accurate 
prediction results for better analysis. For example, in the 
geospatial prediction model, apart from time and location, the 
parameter of the incidents (causes incidents to happen) is also 
essential to be used as a critical consideration in the model. 
Including other related parameters was needed to ensure the 
model could predict the incident based on the exact situation. 
 
Finding studies on radicalism or extremism associated with such 
predictions is pretty tough. If any, the percentage is deficient 
when compared to the use of other geospatial applications. 
However, researchers have started developing the geospatial 
model to predict the radicalism incident. Nevertheless, some 
improvements can be applied to their study. The previous study 
built the model by considering that radicalism incident in every 
location was due to the same factor (I. Khan et al., 
2020),(Siebeneck et al., 2009),(Gao et al., 2013),(Jha, 2009), 
(Donald Brown, Jason Dalton, 2004). Considering each location 
have the same factor may produce bias because a different factor 
might influence radicalism in a different location. So, it is better 
if a model was built according to their parameter (causes of 
radicalism) to generate the prediction result based on the actual 
situation and factor. 
 
5. Conclusion 
 
This systematic review evaluated the issues of geospatial in 
radicalism and extremism context. It explored the scope of 
geospatial analysis in the current research efforts and future 
research and practice. In the age of the digital revolution, there 
is a rising demand for the exchange of technical advances across 
scientific fields. The geospatial approach and associated 
technology in radicalism and extremism illustrate such 
integrations and offer academic insights into how complex 
societal and global concerns may be comprehended using 
current tools. However, this also requires reconsidering 
evidence curation's current strengths and limitations across 
different contexts. Institutions must enhance their geospatial 
research and development capacity to counter radicalism and 
extremism, enabling research groups to collaborate more 
effectively. 
 
This review article has sparked the idea of enhancing the benefits 
of geospatial applications in overcoming existing issues and 
limitations. Current geospatial issues have shown that most 
research does not emphasise the factors of radicalism and 
extremism in their investigation. Randomly they assume the 
events that occur in each place are due to the same factors. 
Finding the research that came up with the analysis related to 
radicalism is infrequent. The previous research used the wavelet 
method to analyse why violent acts are higher on weekends than 
weekdays. Ideally, it is good to come up with research that 
relates the distribution of radicalism with the factor of its 
occurrence. By adding the factor of radicalism as one attribute, 
geospatial can identify the roots of radicalism and extremism act 
at any location. Some existing research uses statistical analysis 
such as Geographically Weighted Regression (GWR) to predict 
future radicalism acts. The current prediction study seems to 
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produce a biased result. Most researchers do not include the 
factor of radicalism as one of the parameters for the prediction. 
It is crucial to predict any event based on the surrounding 
circumstances. Building the geospatial predictive model by 
including the occurrence factor as the parameter or indicator is 
suggested to overcome this limit. 
 
The efforts in addressing the geospatial issue can maximise the 
use of GIS technology in tackling the radicalism and extremism 
act. However, these implications can benefit various parties, 
such as the agencies that maintain national harmony. The key to 
maintaining harmony is combating and preventing things that 
threaten national security. With the support of several data, 
geospatial manages to identify or predict the situation that can 
lead to a threatening act and provides information for areas 
where security control needs to be emphasised. Geospatial acts 
as the medium to provide information to ensure that early 
preventive measures can be done and indirectly can inhibit the 
acts of radicalism and extremism. Besides, geospatial can 
measure the harmony index of any area. This helps the authority 
plan the actions that must be taken to maintain national security. 
For example, the additional police station or security post at the 
hot spot area (low level of harmony index) was essential as a 
preparatory measure in the face of threats. Using various GIS 
tools, geospatial help to identify the host spot area. Next, strong 
and enough geospatial data can provide information on the roots 
that triggered the occurrence of violent activity at any location. 
This may help the authority to manage the radicalism and 
extremism issue by strengthening the effectiveness of 
deradicalisation programs. This is because the existing module 
was flexible, and the rehabilitation process for the detainer is 
general and does not focus on the causes of one's involvement in 
radicalisation. Based on the location where the radicalism act 
occurs, geospatial manages to identify the causes of the 
radicalism act.  
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