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Abstract: There is no doubt regarding the notion that crime is deteriorating the socio-economic
structure of society. Crime poses a serious threat to human values and existence. Therefore this
menace should be stopped as early as possible otherwise it would lead to unavoidable
circumstances. Whenever policies are formed there are some certain factors that are always taken
into consideration to stop the crime. These measures were effective but with the passage of time
there seems to be a constant situation and crime seems to be at its peak. This situation has forced us
to think that there may be other factors that are leading to criminal behaviour in humans. These
factors may be uncertain, unknown or indeterminate. Though previous researches in this regard
have taken into consideration all the known factors, the present work takes into account both known
and unknown factors together with the relationship among them. Taking into account all the factors
which nourish crime either directly or indirectly, here we try to model the situation mathematically
using Neutrosophic Cognitive Map since it provides us with a methodology of representing known
and unknown factors together. The work is carried out using graphical methods and concepts
together with linear algebra. The present work takes into account the crimes which are occurring in
South Africa and models this situation taking into considerations all the certain and uncertain
factors. The study reveals that relative poverty & inadequate housing, limited social and cognitive
abilities, exclusion from school, family violence, culture conflict, colonialism, unemployment,
income inequality, violent expressions of masculinity and use of violence to ‘resolve’ are directly
related to crime in the country. The other factors such as Adherence to social norms, the multi-racial
character of the society, Racial discrimination, apartheid policy, political transition, restructuring of
the criminal justice system, gathering of people, intimate partner violence & femicide and use of
‘tik’ (crystal meth/ methamphetamine) which were not supposed to have a direct influence on crime
in the country by previous researches are also having a significant effect on crime. The present work
contributes effectively in identifying the factors leading to criminal behaviour among people. This
would in turn help policymakers to take necessary steps at ground level to curb the crime in the
country. The work also shows the modelling of the situation using Fuzzy Cognitive Maps just to
represent the effectiveness of Neutrosophic Cognitive Maps over them.

Keywords: Crime Analysis, Unsupervised Data, Fuzzy Logic, Fuzzy Cognitive Maps, Neutrosophy,
Neutrosophic Cognitive Maps

1. Introduction

Crime has remained a serious challenge in the history of South Africa. The recent statistics by
the police department have shown an increase in the number of crimes [18]. There are several
instances where it has been noticed that criminal behaviour in humans is motivated by certain factors.

The need to identify these factors more accurately, the present work is carried out using recent data
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from South Africa. Various crime instances have been noticed in the recent past in the country. This
has motivated researchers to study criminal behaviour among people. Though most of the studies
are concerned with only known factors none has focused on indeterminate and unknown factors.
This study takes into account both the factors and shows how indeterminate factors play important
roles in determining criminal behaviour among people. The crime in South Africa has started
increasing from the mid-1980s to the early 1990s [19]. The studies at that time foretold that the crime
was expected to reduce in between 1995-1996 which happened as expected but later in 1996 it again
started at a large scale. Recently released report by Mid-Year Population Estimates (MYPE) 2019
shows that the population of South Africa is 56.78 million [26]. The population is not only comprised
of native citizens but there exists a lot of multi-racial population. The Union contains four principal
groups: Europeans, almost equally divided between British and Afrikaaner (2,643,187, according to
the 1951 census); Africans or Bantus or "natives" (8,535,341); Colored, like those of mixed racial
descent are known, (1,102,323); Asians, most of whom are Indians, (365,524). The multi-racial nature
of society has led to various problems in the country. The crime in the country is at its peak at each
and every corner. Below we show the crime statistics from the South African Police department which

show how many numbers of crimes are committed annually with respect to the nature of the crime.

Type of Crimes 2013/14 2014/15 2015/16 2016/17 2017/18
Motor Vehicle Theft 57 415 67 104 57 783 47 586 56 526
Housebreaking/Burglary 940 954 874606 | 844982 | 776933 | 832122
Home Robbery 268 639 208401 | 187830 | 151279 | 156089
Theft of livestock, poultry and other animals 253 373 164710 | 148785 | 161063 | 159 421
Theft of crops planted by the household 47 977 16 843 39 155 15 003 11 493
Trends in murder 26 529 18 012 14 930 16 201 16 809
Theft out of motor vehicle 208 978 196236 | 192736 | 139432 | 130350
Deliberate damage, burning or destruction
of dwellings 58 452 60 624 40 892 46 915 50 426
Motor vehicle vandalism 54 633 74 824 67 715 31907 40 155
Theft of bicycle 54 119 60 375 37227 21051 29 264
Theft of personal property 1012537 | 921773 | 842478 | 708357 | 693219
Robbery 373 148 348349 | 283544 | 294874 | 280526
Sexual Offences 62 074 44 464 29 473 73 842 28 596
Assault 431 043 431914 | 331913 | 318077 | 355739
Consumer Fraud 86 012 90 249 160 076 85 848 137 274
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Table 1 Crime statistics of South Africa
Source: South African Police Services http://www.statssa.gov.za

The above table shows how crime is increasing in the country annually. The crime includes not only
heinous crimes like murder, sexual assault but also includes the crime at a small level. These criminal
behaviours among the people of South Africa are motivated due to several factors. However, while
going through the previous researches in this regard the diversity in a population is regarded as one
of the key reason for crime as explained by the experts [2]. Not only diversity but there are certainly
other factors that are put forward by various researchers. These factors are regarded as certain factors
throughout this study. These factors which are leading to most of the crimes in South Africa are
Relative Poverty & inadequate housing [1], Limited social and cognitive abilities[1], Exclusion from
school[1], Family violence [1], culture conflict [2], colonialism [9], unemployment [1], income
inequality [10-12], violent expressions of masculinity [13-16], use of violence to ‘resolve’ conflict [10]
and access to firearms [10] [17]. There exists a lot of literature that almost deals with all these factors.
These certain or determinate factors have always been taken into consideration for making policies
to tackle the situation of crime in South Africa. But despite considering all these factors and
formulating strategies to curb crime in this country; crime appears to be the major problem at present.
This situation has motivated us to inquire about the situation of this country to know what the other
causes are leading to crime in this country. Through the reports by various agencies together with
the opinion of the experts we came to know that there are uncertain and indeterminate factors that
are increasing crime in this country more than certain factors. These factors are lack of adherence to
social norms [27-28], the multi-racial character of the society [2], Racial discrimination [2], apartheid
policy [2], political transition [3], restructuring of the criminal justice system [3], gathering of people
at various occasions [3], perpetrating intimate partner violence (IPV) & femicide [4-6] and most
importantly the use of “tik’ (crystal meth/ methamphetamine) [7-8] by people in South Africa. The
data which is collected for analyzing any situation is always unsupervised [28-29] and this
unsupervised data is in no way free from uncertainty and indeterminacy. The present work attempts
to prove mathematically how these indeterminate and uncertain factors are related to crime in South
Africa. Since the mathematical field of neutrosophy [21] [23] deals with the uncertainty among
concepts; we try to model the situation of crime in South Africa using neutrosophy. Though various
factors are taken into consideration in earlier researches to identify the criminal behaviour among the
masses, as per knowledge none has taken into consideration the unknown and indeterminate factors.
The present work in this regard seems to be more effective in knowing the behaviours by considering
all known and unknown factors. There is recent research work by researchers in the field of crime in
South Africa. The authors in [38] have explored whether the crime rate has been affected due to the
weather conditions in the country or not. Authors in [39] have performed a multi-level model analysis
to check whether criminal behaviour among the masses of South Africa is the result of internal

migration or immigration. Authors in [40] have come up totally with different viewpoints. Their
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study seeks to argue that the extent of corruption in South African public service as being equal to a
crime against human rights and dignity. Authors in [41] have studied the impact of social media on
crimes in the country. The increasing xenophobic hate crime in South Africa is on its verge. The
authors in [42] have studied the reasons for such crime in South Africa. The study related to property
crime in South Africa is conducted in [43].

The rest of the paper is divided as follows; section 2 gives the concepts and preliminaries required to
carry out this work, section 3 presents the methodology, section 4 models the situation of crime in
South Africa using Neutrosophy, section 5 shows calculation and interprets the results obtained and

section 6 concludes the paper.

2. Concepts and Preliminaries

The situation of crime could also be modelled using fuzzy logic and fuzzy cognitive maps [24]
but it has several limitations [22] [34]. The fuzzy logic is based on membership functions and crisp
sets. It addresses the causal relationship between the concepts. The existence of membership and non-
existence of membership among various concepts is measured by Fuzzy theory but it says nothing
about the indeterminate concepts. As it is a well-known fact that when we deal with unsupervised
data indeterminacy and uncertainty is always present; hence it needs to be addressed while dealing
with unsupervised data. Since fuzzy logic is limited to the certainty of concepts here in this study we
have employed neutrosophic sets and theories for dealing with unsupervised data.

Neutrosophy [21] [23] is a field of study that is not limited to certainties but it's an emerging field
that incorporates all the indeterminacy and uncertainties. A number of problems are solved using
this theory all around the globe with surprising results. The recent developments in this novel field
could be seen in [35] where authors have proposed a multi-criteria decision-making model for
evaluating sustainable hydrogen production. In [36] authors again proposed a multi-criteria decision-
making model for evaluation of the medical care system by taking various case studies to prove the
feasibility of the proposed model. To describe the real cognitive information authors in [37] have
proposed type-2 Neutrosophic Number TOPSIS. They have demonstrated the effectiveness of the
proposed technique by taking into account several case studies. This has led us to apply this theory
in analyzing the crime situation in South Africa. To apply this theory we need to understand some of

the concepts and preliminaries as follows:

Definition 1. Let N = {(T,L,F): T,,F € (0,1)} be a neutrosophic set. Let m: P — N is a mapping of a
group of propositional formulas into N, i.e., each sentence p € Pis associated to a value in N, as it is
exposed in the Equation 1, meaning that p is T% true, I% indeterminate and F% false.

m(p) = (T,1,F) €y
Hence, it can be concluded that fuzzy logic when generalized based on some concepts of

neutrosophy; it becomes neutrosophic logic according to [21]
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Definition 2. A Neutrosophic matrix is a matrix M = [ai]-]ij where i=1,2,3,.......,m andj =

1,2,3,........,nsuch that each a; €K (I) where K (I) is a neutrosophic ring. Now let us understand
this neutrosophic matrix by an example. Suppose each element of matrix is represented by a + bl

where aand b are real numbers and [ is a factor of indeterminacy.

(—1 I 51) (I) 911 8 z(—211 271 —6+251)
I 4 7 4 7 & —28+1 49+131 3546l

For Example:

Definition 3. A neutrosophic graph is a graph in which there exists an indeterminate node or an
indeterminate edge. Now taking reference from the Definition 2 above we can conclude that when
aj; = 0 it means there is no connection between nodes i and j, a;; = 1 means there is a connection
between nodes i and j and a;; = I means that connection is indeterminate (unknown).
Definition 4. Cognitive maps are cause-effect networks, with nodes representing concepts articulated
by individuals, and directional linkages capturing causal dependencies [25].

Definition 5. A directed graph whose nodes are represented as concepts and edges among concepts
represents relationship which can be determinate &indeterminate edges; this graph is referred to as

Neutrosophic Cognitive Map [20]

3. Methodology

The proposed methodology tries to introduce indeterminacy in Fuzzy Cognitive Maps (FCMs)
[24]. This mapping would be referred as Neutrosophic Cognitive Maps (NCMs). This concept is well
illustrated by W. B. Vasantha Kandasamy [20]. This concept of NCMs would be applied in modeling
the situation in South Africa to study the influence of different determinate and indeterminate factors
that have worsen the situation crime. To do this now let us understands NCMs. NCM is a
neutrosophic graph. This is a directed graph in which dotted edge represents indeterminacy. The
node of the graph is referred to various concepts. When K, Ko,...... ,Kn are n nodes of neutrosophic
graph. These nodes of graph are connected using edges having weight ‘0" or 1’ or ‘I’ where ‘I’ shows
indeterminacy, ‘1’ indicates that the node is at ON state and when it has value ‘0" it indicates the
OFF state of the node. These NCMs are most of the time referred to as simple NCMs. The matrix
corresponding to neutrosophic graph is called Neutrosophic adjacency matrix. Later this matrix is
evaluated using laws of mathematics and the results obtained by this will be interpreted which would
show the importance of the present work. To show the effectiveness of Neutrosophic Cognitive Maps
over Fuzzy Cognitive Maps in analyzing the situation of crime in South Africa let us model the

situation using FCM.
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Figure 1 Fuzzy Cognitive Map based on determinate factors affecting crime in South Africa

The above graph is called is called Fuzzy cognitive map for studying the situation of crime in South
Africa. The edges having weight ‘1’ denotes determinate edges which show how determinate factors
are nourishing crime in South Africa. Since Fuzzy does not take into consideration the indeterminate
relationship therefore the indeterminate factors are not connected to the node representing crimes in
South Africa. We also show how these indeterminate concepts are related to each other which are
represented using dotted line with symbol ‘I’ denotes indeterminate edges. Now we formulate the

adjacency matrix based on above graph.

SA|D1|I11|D2|12|D3 |13 | D4 |14 |D5|I15|D6 |16 |D7 |17 |D8 |18 | D9 |19 | D10
SA |0 1 0|1 0 |1 0|1 0 |1 0 |1 0 |1 0 |1 0 |1 0 |1
D1 |1 0 010 0 |1 0|1 010 010 0 |1 010 0|0 010
11 0 0 010 010 010 0|0 0 |0 0 |0 0 |0 0 |0 0 |0
D2 |1 0 010 010 010 0|0 0 |0 0 |1 0|1 0 |0 0 |0
12 0 0 010 010 010 0|0 0 |0 0 |0 0 |0 0 |0 0 |0
D3 |1 1 010 010 010 0|0 0 |0 0 |0 0 |0 0 |0 0 |0
13 0 0 010 010 010 0|0 0 |0 0 |0 0 |0 0 |0 0 |0
D4 |1 1 010 010 010 0|0 0 |0 0 |0 0 |0 0 |0 0 |1
14 0 0 010 010 0|0 0|0 010 0 ]0 010 0|0 010
D5 |1 0 010 010 0|0 0|0 010 0 ]0 010 0|0 010
15 0 0 0 |0 0 |0 0|0 0|0 010 0 ]0 010 0|0 010
D6 |1 0 010 010 0|0 0|0 010 0 ]0 010 0|0 010
16 0 0 0 |0 0 |0 010 0|0 010 0 [0 010 0|0 010
D7 |1 1 0|1 010 010 0|0 010 0 [0 010 0|0 0 |0
17 0 0 010 010 010 010 0 |0 0 |0 0 |0 0 |0 0 |0
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D8 |1 0 0 |1 0 |0 0|0 0|0 010 0 [0 010 0 |1 0 ]0
18 0 0 010 010 010 0|0 0 |0 0 |0 0 |0 0 |0 0 |0
D9 |1 0 010 010 010 0|0 0 |0 0 |0 0|1 0 |0 0 |0
19 0 0 010 010 010 0|0 0 |0 0 |0 0 |0 0 |0 0 |0
D10 | 1 0 010 010 0|1 0|0 0 |0 0 |0 0 |0 0 |0 0 |0

Table 2 Fuzzy Adjacency Matrix based on neutrosophic cognitive map in figure 1

The fuzzy adjacency matrix is now evaluated to know the effect of factors on the crime is South Africa.
Now for this we take vector SA as on state i.e.

The state vector SA; =(10000000000000000000) is given as input effect of SA;on the
combined system is SA;F(E). The symbol — denotes that the resultant vector is updated and
threshold. The following calculation is carried out till we obtain a constant state vector or it is also

referred as limit cycle.

SAF(E)=(0101010101010101010 1)
(1101010101010101010 1)=S54,
SAF(E)=(9 403 020201010303020 2)->
1101010101010101010 1)=S54;

We notice that SA, = SA; so further iterations are not required. SAg is a fixed point or limit cycle.
The significance of this limit cycle is the most since it shows a hidden pattern which is used in
drawing inferences. The current results obtained above shows that when crime in South Africa is in
on state all the factors such as relative poverty & inadequate housing, limited social and cognitive
abilities, exclusion from school, family violence, culture conflict, colonialism, unemployment, income
inequality, violent expressions of masculinity and use of violence to ‘resolve’ conflict are in on state.
This signifies that all these factors have direct influence on crime in the country. But the factors which
are put forward by the experts are other studies like Adherence to social norms, multi-racial character
of the society, Racial discrimination, apartheid policy, political transition, restructuring of the
criminal justice system, gathering of people, intimate partner violence (IPV) & femicide and use of
‘tik’ (crystal meth/ methamphetamine) are absent in this regard. So it could be clearly inferred that
the FCMs take no importance of uncertain factors which could have direct influence on the concepts.

Now further we try to model the situation using Neutrosophy [31-33].
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4. Application of Neutrosophy in modeling situation of Crime in South Africa

To model the current situation of crime in South Africa we have considered some certain factor
from previous researches and some of the factors are considered using expert’s opinion. We have also
utilized reports from various official departments to ascertain the current scenario in this country.
These factors not only include certain factors but also capture some of the uncertain and
indeterminate factors. Lists of the factors which are considered whether known or indeterminate are

as follows:

Factors leading to criminal behaviour in

South Africa

/ISeterminate or Certain factors
*Relative Poverty & inadequate housing (D1)
«Limited social and cognitive abilities (D2)
«Exclusion from school (D3)
*Family violence (D4)
«culture conflict (D5)
+colonialism (D6)
«unemployment (D7)
«income inequality (D8)
eviolent expressions of masculinity (D9)
. »use of violence to ‘resolve’ conflict (D10)

— —
I”’I’;\determiante or Uncertain factors

+ Adherence to social norms (11)

emulti-racial character of the society (12)

*Racial discrimination (13)

«apartheid policy (14)

+political transition (15)

srestructuring of the criminal justice system (16)
+gathering of people (17)

«intimate partner violence (IPV) and femicide (18)
suse of ‘tik’ (crystal meth/ methamphetamine) (19)

-

Figure 2 Summary of factors leading to crime in South Africa based on previous researches and experts
opinion
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Now we model the situation with the help of neutrosophic cognitive maps since it represents better
models while analyzing the situation [30]. We try to show how these indeterminate and uncertain
factors do influence the determinate and certain factors. The previous researches in this regard show
that determinate factor such as Relative Poverty & inadequate housing and Exclusion from school
led to the difficulty in Adherence to social norms and gathering of people at several places which are
indeterminate factors [1] [3] [27-28]. Culture conflict among the people of society directly influences
Adherence to social norms and racial discrimination [2] [27-28]. Unemployment is thought to be the
main factors that led to crime in South Africa [1] and this unemployment results in some
indeterminate factors which are also increasing crimes in the country. These factors are Adherence to
social norms and gathering of people [27-28] [3]. The expression of masculinity is referred to as one
of the key cause of crime in the country in many studies [13-16]. This violent expression of masculinity
results in intimate partner violence (IPV) and femicide which itself is a crime [4-6]. Use of violence to
‘resolve’ conflict is also related to intimate partner violence (IPV) and femicide and use of “tik’ (crystal
meth/ methamphetamine) [7-8] [10]. Many historical studies suggest that factors such as colonialism
and apartheid have left a legacy of violence [2] [9]. This directly relates to political transition and
restructuring of criminal justice system [3]. This shows how factors which always taken in
considerations in various studies are linked which indeterminate and uncertain factors which most
of the time are neglected. There some indeterminate factors which are interlinked like multi-racial
character of the society and racial discrimination have association with apartheid policy of the
country [2]. Taking all these factors and relationship among them we now model the situation of

crime in South Africa using neutrosophic cognitive maps which is prominent concept of neutrosophy.

x r

CRIME IN

SOUTH AFRICA
S A

Figure 3 Neutrosophic Cognitive Map based on determinate and indeterminate factors affecting crime in South
Africa

The above graph is called is called neutrosophic cognitive map for studying the situation of crime in
South Africa. The edges having weight ‘1’ denotes determinate edges and those edges which are

shown with symbol ‘I’ denotes indeterminate edges.
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5. Results

Now with the help of above cognitive map we form the neutrosophic adjacency matrix. This

matrix is formulated taking in account the factors which are represented as nodes in cognitive maps

and the relationship among the factors.

SA | D1 |11 |D2|12|D3|13|D4 |14 |D5 |15 D6 |16|D7 |17 |D8]|18|D9 |19 | D10

SA [0 1 0|1 0 |1 0 |1 0|1 0 [1 0 |1 0 |1 0 |1 0 |1
D1 |1 0 I |0 0 |1 0 |1 0|0 0 |0 0 I |0 0|0 01]0
11 0 | 010 0 |1 010 0 |1 010 0 |1 010 0 |1 0 |1

D2 |1 0 010 010 010 0|0 010 0 [1 0 |1 0|0 010
12 0 0 0 |0 0 |0 I 10 | | 0 |0 0 |0 010 0|0 010
D3 |1 1 1 10 0 |0 0 |0 0 ]0 0 |0 0 |0 1 |0 0|0 010
13 0 0 0 |0 I 10 0 |0 | | 0 |0 0 |0 010 0|0 010
D4 |1 1 0 |0 0 |0 0 |0 0 ]0 0 |0 0 |0 010 0|0 0 |1
14 0 0 0 |0 I 10 I 10 0 ]0 0 |0 0 |0 010 0|0 0 ]0
D5 |1 0 1 10 I 10 I 10 0 ]0 0 |0 0 |0 010 0|0 0 ]0
15 0 0 0 |0 0 |0 0|0 0|0 0 |1 I |0 010 0|0 010
D6 |1 0 0 |0 010 0|0 0|0 I |0 0 ]0 010 0|0 0 |0
16 0 0 0 |0 0 |0 0 |0 0|0 I |0 0 [0 010 0|0 0 |0
D7 |1 1 | 1 0 |1 0 |0 0|0 010 0 ]0 I |0 0|0 0 |0
17 0 | 010 010 010 0|0 010 0 |1 010 0|0 010
D8 |1 0 0|1 010 0 |0 0 |0 010 0 1[0 010 0 |1 010
18 0 0 010 010 010 0|0 0 |0 0 |0 010 0 |1 0 |1

D9 |1 0 I |0 010 010 0|0 0 |0 0 |0 0 |1 I |0 01]0
19 0 0 010 010 010 010 0 |0 0 |0 010 0|0 0 |1

D10 | 1 0 I |0 010 0 |1 010 0 |0 0 |0 010 I |0 I |0

Figure 4 Neutrosophic Adjacency Matrix based on neutrosophic cognitive map in figure 3

The neutrosophic adjacency matrix is now evaluated to know the effect of factors on the crime is

South Africa. Now for this we take vector SA as on state i.e.
The state vector SA; =(10000000000000000000) is given as input effect of SA;on the

combined system is SA;N(E). The symbol — denotes that the resultant vector is updated and

threshold. The following calculation is carried out till we obtain a constant state vector or it is also

referred as limit cycle.
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SAN(E)=(01010101010101010101)-> (11010101010101010101)

=S4,

SAN(E)=(1036I2114+11200710023/122I111)—»(11711711711007/001/711111)

=S4,

SA;N(E)=(8212+4 51312 I?+1+21?2321231°+101?+1122[>+3313222+212I2I?
+2) >

(11711711711711017117111111)= SA,

SAN(E)=(10 212+ 4 61 32I+1 I>?+1+221>+13212312+112+110 2I>°+3 31 32l 2I?
+213P+2)»(111111111111017111111)=S5A;

SAsN(E) = (10 212 +4 61 3 21+ 1 I2+1+2 212 +13 21> 312 +1 [ I?+1 I? 212 +3 31 3 21 2I?
+2131P+2)>(Q 17117111111 1111111111)=S8A4

SAGN(E) = (10 217 +4 61 3 I?+21 I+ 1+2 22 +1 3 I?+1 22 +1+112+1 12+1 I? 2I?
+33132[12I°+2131?+2)>»(1 1111111111111 111111)=S5A4,

SA,N(E)=(10 212+ 4 61 3 2I?+1 I?+1+2 212 +1 3 2[? 31+ 1 I>+1 1>+1 I?> 21> +3 31 3 2I 2I?
+2131742)>@ 11111111111 11111111)=SA44

We notice that SA; = SAg so further iterations are not required. SAg is a fixed point or limit cycle.
The significance of this limit cycle is the most since it shows a hidden pattern which is used in
drawing inferences. These inferences show the joint effect of interacting knowledge. The current
results obtained using NCMs is (1171717111711 1111111) which shows that when
crime in South Africa is in on state all the factors such as relative poverty & inadequate housing,
limited social and cognitive abilities, exclusion from school, family violence, culture conflict,
colonialism, unemployment, income inequality, violent expressions of masculinity and use of
violence to ‘resolve’ conflict are in on state. This signifies that all these factors have direct influence
on crime in the country. The factors such as Adherence to social norms, multi-racial character of the
society, Racial discrimination, apartheid policy, political transition, restructuring of the criminal
justice system, gathering of people, intimate partner violence (IPV) & femicide and use of ‘tik’ (crystal
meth/ methamphetamine) which were not supposed to have direct influence on crime in the country
by previous researches are also having significant effect on crime as we have not obtained ‘0’ in the
limit cycle at their position but we have obtained ‘I’ which shows these are having relationship with
crime in  the  country. The  previous result obtained wusing FCM s
(1101010101010101010 1) that clearly shows that all indeterminate and
uncertain factors are absent which signifies that the study conducted using FCM is unable to
represent any real life situation. This proves that NCMs are better to model real life situation than
FCMs also representing the importance of indeterminate and uncertain events in analyzing any real

life situation.
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6. Conclusion

The present work is aimed at mathematically analyzing the situation of crime in South
Africa. The paper contributes in a sense that it takes into account all causes (factors) whether
certain (known) or uncertain (indeterminate and unknown), responsible for nourishing crime
in the country. Though the previous researches have focused only on known factors, the
present work emphasizes both the factors which may not be considered in previous studies.
Considering and representing all the factors mathematically we tried to develop a
mathematical model using neutrosophic cognitive maps so that the situation could be
analyzed at ground level. The model further evaluated using some mathematical laws of
calculation like graphs and linear algebra. Later the results are interpreted which shows how
indeterminate and uncertain factors are giving rise to criminal behaviour in the population of
South Africa. Below is the finding of our work that shows what are the certain factors
nourishing crime and what are the indeterminate/uncertain factors nourishing crime:
Known and certain factors nourishing crime:
relative poverty & inadequate housing,
limited social and cognitive abilities,
exclusion from school,
family violence,
culture conflict,
colonialism,
unemployment,
income inequality,

violent expressions of masculinity and

vV V V V V V V V V V

use of violence to ‘resolve’ conflict

Unknown and uncertain factors nourishing crime:
Adherence to social norms,

multi-racial character of the society,

Racial discrimination,

apartheid policy,

political transition,

restructuring of the criminal justice system,
gathering of people,

intimate partner violence (IPV) & femicide and

VvV V V V V V V V V

use of ‘tik’ (crystal meth/ methamphetamine)
This study is expected to help policymakers in taking corrective measures to curb crime in the
country. The current work takes a very limited number of factors in consideration and all the work

is performed manually. Future work in this regard would be modelling the situation mathematically
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considering a large number of factors and employing machine learning algorithms so that it may

become easy to model the situation and interpret the results.
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