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ABSTRACT 

 

 A sensitive and composite issue all over the world is terrorism. Like other countries 
Pakistan is facing the same problem since a long time. A variety of researches have 
recognized several conditions and situation that explore various factors of terrorism. The 
objective of this research is to consider the important influencing factors of terrorism in 
Pakistan and to rank them using method of paired comparisons via Bayesian paradigm. 
Malik et al. (2014) identified the risk factors generating terrorism in Pakistan. Various 
important influencing factors of terrorism in Pakistan are discussed in literature. The data 
of paired comparisons is obtained from a survey of faculty from University of Gujrat 
considering all the universities of Pakistan as target population. Bayes’ estimators are 
computed reflecting overall worth for factors. Ranking of factors is then obtained using 
worth probabilities. Posterior predictive probabilities for future ranking are also 
computed. Results are generated using designed programs in C language for the seven 
parameters. To ensure the appropriateness of model goodness of fit, criteria of Aslam 
(2002) is used which ensures good fit to the data. This research aims to play a dynamic 
role in overcoming the national level problem of terrorism by providing overall rankings 
of factors included in the study. 
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1. INTRODUCTION 
 

 Sometimes it may be difficult for a panelist to rank or compare more than two objects 
(treatments, stimuli, factors, items or options) at the same time. For this reason, paired 
comparison method is used. Specifically; when objects have small differences or rather 
the criteria is faint, the data of paired comparisons is regarded more reliable and can be 
obtained more readily from experts. 
 

 A good review of the paired comparison models is given by Bradley (1976). A 
published bibliography on paired comparisons includes several hundred entries 
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(Davidson and Farquhar 1976). David (1988) has a detailed survey of the literature and 
references concerning the method of paired comparisons.  
 
1.1 Terrorism in Pakistan 
 Terrorism is a use of force to create harassment. It is also used to create an 
environment of fear and violence. Use of Authority for personal gains is also indicating 
towards terrorism. Saeed & Syed (2014) identifies several cause of terrorism; internal 
which is further divided into socio -economic causes, political causes and religious cause, 
and the external causes that include attack of Afghanistan (1979), Iranian revolution, War 
on terrorism 9/11 and other international conspiracies. “Security of Pakistan, stability and 
governing authority of state are threatened of terrorist attacks. Other disgraceful poor 
situations also exist in the country due to fall of judicial institution and governing 
authority in Pakistan. “Terrorism behavior is probably always determined by a 
combination of native factors, biological factor, temperament, environmental influence 
and group dynamics”(Cook and Lounsbery 2011).  
 
1.2 Factors of Terrorism 
 A variety of researches have explored numerous factors of terrorism. Saeed & Syed 
(2014) states that; Karachi and Peshawar remains the two major victims of terrorist 
violence. Both cities are prime targets for both types of terrorism – sectarian and non-
sectarian. Malik et al. (2014) identified the risk factors generating terrorism in Pakistan. 
 

 This research considers seven factors of terrorism including Illiteracy, Politics and 
Religion, poverty and technology, media and globalization. Cook and Lounsbery (2011) 
assessed the risk posed by terrorist groups and identified motivationg factors and threats. 
Bravo and Dias (2006) performed analysis of terrorism considering geopolitical factors. 
 
1.2.1 Illiteracy  
 Illiteracy is one of the major factors influencing terrorism in whole world. A detailed 
discussion are given by (Testas 2004) in which it is considered: “Literacy has positive 
support and will decrease terrorism, which is: higher level of education and better 
condition of economy. International terrorism removes or reduces by increasing the 
spending on education”. 
 
1.2.2 Politics and Religion 
 Politics and religious mis-affiliations are huge influencing factors of terrorism in 
Pakistan. Malik et al. (2014) identified risk factors generating terrorism in Pakistan. 
According to their research, “the elimination of the terrorism cannot be done completely. 
Combined political acts, economic acts and social acts are the solutions for the present 
researchers set up the main cause of terrorism”. 
 

 Irshad (2011) discussed ‘religious aggravated terrorism’ to be most disturbing 
terrorist threat now days.  
 
1.2.3 Poverty and Technology 
 Siddique (2012) discussed poverty as a key factor of terrorism stating, " Poverty does 
Fuel Terrorism”. Jackson (2001) argue technology is a huge factor of terrorism stating, 
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“it is technology which is applied by the terrorist; the explosive device which destroys a 
target, the automatic weapon which intimidates and, potentially, the chemical or 
biological weapon which inflicts mass casualties that make today's “high impact” terrorist 
strikes possible and makes the threat of future violence credible to a mass audience”. 
 
1.2.4 Mass media and Globalization 
 Nacos (2007) discussed the central role of the media in terrorism and counter-
terrorism in his research. Stibli (2011) discussed a detailed literature on terrorism threats 
to globalization defining globalization as, “not merely a trend or a fad but rather an 
international system. It took the place of the old Cold War system and, as it has its own 
laws and logic, which might influence, directly or indirectly, politics, environment, 
geopolitics and the economy of any country”.  
 
1.3 The Method of Paired Comparisons 
 The method of paired comparisons leads us towards an unexpected amount of model 
building. It provides us the representation of the experimental process by the probabilistic 
choice models. Suppose there are t objects to be compared in pairs by the judges and let 

ijd  be the indicator random variable that can take the value 0 for i  and 1 for j  and jid  

can take the value 1 for i  and 0 for j .We assume throughout the experiment that all the 

comparisons are statistically independent except that 1ij jid d  , then Preference 

probability that i → j  will be 
 

  Pr ( ijd =1) = ij                    (1) 
 

and Preference probability that j → i   
 

  Pr ( jid =1) = ji                    (2) 
 

 Here ij and ji  are probabilities under the following condition 
 

  0< ij , ji <1. 
 
1.4 The Linear Model for Paired Comparisons 
 The linear models for paired comparisons are mostly important. In a paired 
comparisons experimentation, the object i  is preferred on j if the merit i jw w  and 

the object j  is preferred on i if the merit j iw w . Let j j jw    and j j jw    

for which i =1, 2...., m and j =1, 2...., m that the objects have merit or worth j  and j . 

If every pair  i j    has the same bi-variate distribution then  j i    will also have 

the same distribution, now 
 

  
  Pr ( )i j v H v                    (3) 
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 It follows that 
 

  
P{( ) 0}ij i jw w              

   
    i j i j        

         
 

   ij i jH                      (4) 
 

 Whenever the preference probabilities can be expressed in terms of a symmetrical 
cumulate density function, the term iw satisfies to be a linear model. This model is the 
generalization of Thurstone-Mosteller model (1927) for which jw is assumed to be 

normal  2,iN   , equi correlated with common correlation co efficient.  
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1.5 The Bradley-Terry (1952) Model for Paired Comparisons 
 Bradley-Terry (1952) developed the basic model for paired comparison after 
considerations by Zermelo (1929) who states, “The objects or treatments have merit j  

and j when judge on some characteristic and may be represent by the continuous 

random variable with the following limit , ( )i iw w    .” The model takes 
simplified form as below;      
 

  

2

(ln ln )

1( ) sec ( / 2)
4

i j

i jH h w dw


   
                (6)  

 

where i j  and 1, 2,...,i m         
 

  

2

(ln ln )

1( ) sec ( / 2)
4

i j

ij i jH h w dw


   
               (7) 

 

 After simplifications, the model implies that difference between two underlying 
variables  i j    has a logistic density with parameter (ln ln )i j    which is 

formulated as 
 

  

i
ij

i j


 

  
                   (8) 

 

where ij denotes the preference probability for object i  when i  and j  are compared. 
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1.6 Notations of the Model 
 We consider the following notations for the analysis of the model. 
 

  .i ijx  Number of times thi  object is preferred on thj  object. 
 

  . .ij i ij j ijr x x  = Total number of comparisons between thi  and thj  objects 
 

  in  Total number of times thi  object is preferred to any other objects. 
 
1.7 Likelihood Function of the Model 
 The likelihood function of the model for seven factors affecting terrorism in Pakistan 
is gives below takes the following form; 
 

  1 2 3 4 5 6 7( ; , , , , , , )L x        = 1
( )

( )

i

ij

m n
i

i
m r

i j
i j







  




          (9) 

 

where 0 1i   , i= 1,2,...,m , .

m
i i ij

j i
n x


   and . .ij i ij j ijr x x   be the total number of 

comparisons between these objects. 
 
1.8 Uniform Prior as Prior Distribution 
 Prior distribution enumerates information about parameter prior to any data being 
gathered. In such cases when little prior information is available or prior elicitation is 
difficult, analysis is performed by selecting a non-informative prior. A prior distribution 
is called non-informative, if it has negligible impact on the posterior distribution of 
parameter of interest does not change very much over the area in which the likelihood is 
considerable and does not assume large values outside the area. Such prior is also known 
as a uniform prior. Other names for non-informative priors are reference prior; diffuse 
prior, vague priors, ignorant priors or flat priors. A comprehensive overview of objective 
priors is available in Kass & Wasserman (1996). 
 

 Gelman (2009) states in favor of Bayesian analysis, “A famous empiricist once said, 
‘With great power comes great responsibility’, and in Bayesian terms, “the stronger we 
make our model the more able we will be to find the model’s flaws and thus perform 
scientific learning”. 
 

 Bayesian analysis for paired comparison models is not simple because no prior 
distribution is assumed to be the conjugate prior of data from paired comparisons models. 
Non-Informative Uniform prior is assumed for the analysis. The joint uniform prior for 
parameters space 


  is given below; 

 

  
) 1P


                         (10) 

 



Bayesian Inference and Ranking of Factors Influencing… 108

  Here 

 =  1 2 3 4 5 6 7, , , , , ,             

  With 0 1i     condition of identifiability.  
 

2. BAYESIAN INFERENCE OF THE MODEL 
 

 The target population of this study is the judges/experts/faculty of public/private 
sector universities in Pakistan. Sampled population of this study is faculty as experts of 
university of Gujrat, Gujrat. Experts’ preferences are obtained from faculty members 
selected on a random sample of 100 using simple random sampling technique. Different 
faculty is selected in the sample. Programs are designed in C++ language to perform the 
Bayesian analysis. Following table shows data: 
 

Table 1 
Data of Preferences for Factors of Terrorism 

 ,i j   ijN  jiN  
PO, IL 53 47 
PO, DE 51 49 
PO,ME 42 58 
PO,GL 47 53 
PO,TE 48 52 
PO,RE 47 53 
IL,DE 46 54 
IL,ME 31 69 
IL,GL 30 70 
IL,TE 35 65 
IL,RE 34 66 

DE,ME 33 67 
DE,GL 40 60 
DE,TE 24 76 
DE,RE 37 63 
ME,GL 42 58 
ME,TE 32 68 
ME,RE 35 65 
GL,TE 31 69 
GL,RE 34 66 
TE,RE 35 65 

 
 From Table 1, ‘PO’ denotes the Politics, ‘IL’ denotes the Illiteracy, ‘DE’ denotes the 
Democracy, ‘ME’ denotes the Media, ‘GL’ denotes the Globalization, ‘TE’ denotes the 
Technology and ‘RE’ denotes the Religion respectively. Also, ijN  denotes total number 

of preferences for thi  factor, and jiN  denotes the number of preferences for thj  factor 
for all pair of factors. 
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2.1 Posterior Distribution for Model of Factors Affecting Terrorism 
 The (joint) posterior distribution using uniform prior for the parameters of factors is 
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 Here 0 1i    and i= 1,2,...,m  where, ‘K’ is the normalizing constant and 
1
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i
i
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2.2 Posterior Means for Factors affecting Terrorism 
 The general integral formula for i  is given as below. 
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 Here 7 1 2 3 4 5 61              is the constraint on the numerical integration, 
and 0 1i    i= 1,2,...,m . For 1 , the posterior mean will be as below 
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The results of all posterior means are computed and organized in Table 2 below; 
 

Table 2 
Worth Probabilities with Ranks 

Factors PO 
Poverty 

IL 
Illiteracy 

DE 
Democracy 

ME 
Media 

GL 
Globalization 

TE 
Technology 

RE 
Religion 

 iE   0.13077 0.08647 0.09285 0.13830 0.14132 0.19897 0.21133 

Ranks 5 7 6 4 3 2 1 
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2.3 Appropriateness of the Model  
 We use Chi-Square method to test the hypothesis about the goodness of fit of the 
model for factors of terrorism. We used the criteria by Aslam (2002) as follow: 
 

 The null and alternate hypotheses are as below: 
 

  oH ; The model is good fit of the data 

  oH


; The model does not fit the data 
 

Table 3 
Observed and Expected Number of Preferences for Factors 

ijX  ˆ
ijX  jiX  ˆ

jiX  
27 30.09805 24 19.90195 
26 29.23933 25 20.76067 
21 24.30037 29 25.69963 
24 24.03065 27 25.96935 
24 19.82926 26 30.17074 
24 19.11283 27 30.88717 
23 24.11053 27 25.88947 
16 19.23522 35 30.76478 
15 18.9802 35 31.0198 
18 15.14679 33 34.85321 
17 14.51813 33 35.48187 
17 20.08436 34 29.91564 
20 19.82534 30 30.17466 
12 15.90878 38 34.09122 
19 15.26234 32 34.73766 
21 24.72999 29 25.27001 
16 20.50286 34 29.49714 
18 19.77805 33 30.22195 
16 20.76464 35 29.23536 
17 20.03686 33 29.96314 
18 24.24689 33 25.75311 

 
 We calculate the expected frequencies by the following formula 
 

  
 ( )ij ij ijx r 

 
 

 For all i j  
 

 The level of significance is 5% 
 

 The test statistic follows the Chi-Square distribution as 
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From Table 3, we calculated the Chi-Square test statistic value as below; 
 

  
2

cal = 23.34454 
 

 The table value is 2
(0.05,35) = 49.5679 

 

 Since the 2
cal  doesn’t not fall in the critical region that is 

 

  
2

cal  2
(0.05,35)

 
 

 So as a conclusion we have not sufficient evidence to reject the null hypothesis. So 
we may conclude that the model good fits the data. 
 
2.4 Posterior Predictive Probabilities for the Factors of Terrorism 
 The predictive probabilities show preference scale for the pair of objects for a single 
comparison between pairs of objects will carry out in future. Predictive probabilities are 
computed for each pair of factors using a program designed for seven objects in C++. 
The predictive probability for &th thi j  objects is given follow ,for i j  as; 
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be the Bradley-Terry (1952) model for preference probabilities of ‘i’ factor 

over ‘j’ factor. 
 

 Here 7 1 2 3 4 5 61              is constraint on the numerical integration. 
 

 The results are summarized in Table 4, as below. 
 
  



Bayesian Inference and Ranking of Factors Influencing… 112

Table 4 
Posterior Predictive Probabilities for Factors of Terrorism: 

P(ij) Estimate P(ji)=1- P(ij) Estimate 
P(12) 0.537229 P(21) 0.462771 
P(13) 0.5372 P(31) 0.4628 
P(14) 0.445998 P(41) 0.554002 
P(15) 0.441113 P(51) 0.558887 
P(16) 0.383922 P(61) 0.616078 
P(17) 0.371502 P(71) 0.62849 
P(23) 0.499969 P(32) 0.500031 
P(24) 0.408769 P(42) 0.591231 
P(25) 0.403885 P(52) 0.596115 
P(26) 0.347486 P(62) 0.652514 
P(27) 0.335827 P(72) 0.66417 
P(34) 0.408797 P(43) 0.591203 
P(35) 0.403913 P(53) 0.59608 
P(36) 0.347511 P(63) 0.652489 
P(37) 0.335852 P(73) 0.664148 
P(45) 0.495116 P(54) 0.504884 
P(46) 0.435381 P(64) 0.564419 
P(47) 0.422885 P(74) 0.577115 
P(56) 0.440031 P(65) 0.559969 
P(57) 0.42752 P(75) 0.57248 
P(67) 0.487465 P(76) 0.512535 

 
3. CONCLUSION & DISCUSSIONS 

 

 This study revealed the preferences of faculty members (experts) for the factors 
influencing terrorism in Pakistan. Bayesian inference is performed for Bradley-Terry 
model (1952) of paired comparison using uniform prior as non-informative. To obtain 
posterior means & posterior predictive probabilities of seven factors, C language is used 
after designing programs and generated results are shown in Table 2 & Table 4 
respectively.  
 

 In Table 2, posterior means are obtained as expected probabilities for seven factors 
under condition of identifiability to be unity. Illustrating each expected probability, the 
faculty members’ rank ‘1’ to ‘Religion’ with highest worth probability. The second rank 
goes to the ‘Technology’, third, fourth, fifth, sixth and seventh ranks are given 
respectively for ‘Globalization’, ‘Media’, ‘Poverty’, ‘Democracy’ and ‘Illiteracy’.  
 

 In Table 4, the prediction is performed for each pair of factors for future single 
comparisons and preference probabilities are obtained for all pairs. The factor ‘Politics’ 
beats two factors i.e. Illiteracy & Democracy with respect to preference probabilities. 
Illiteracy beats none. Democracy beats only Illiteracy. Media beats three of the factors 
only i.e., Politics, Illiteracy and the Democracy. Globalization beats four factors i.e. 
Politics, Illiteracy, Democracy and Media. Technology beats other all factors except 
Religion which is a dominant factor and beats all the other six factors. Predictions ensure 
the ranking, obtained in Table 2. through posterior means. The ranking of worth 
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probabilities and posterior predictive probabilities combined can be expressed in a flow 
as below: 
 

  7 6 5 4 1 3 2              
 

 For model goodness of fit, criteria by Aslam (2002) is used to test the hypothesis 
formulated in (13). Table 3 shows observed and expected number of preferences, the test 
statistic is too small to reject the null hypothesis which leads to conclude that this model 
is a good fit of the observed data of preferences. 
 

 The research aims to play a dynamic role in overcoming the national level problem of 
terrorism by providing the preferences probabilities which reflects ranking of each of the 
factors. 
 

4. RECOMMENDATIONS 
 

 This research work focuses on the consideration of Bayesian framework for the 
estimation of multi-parameters’ model of paired comparisons, it can be further generalize 
to method of multiple comparisons or team comparisons in which internal factors and 
external factors of terrorism be consider as teams. The other future consideration may be 
conducted by policy makers (Establishment), researchers (scientists) or other responsible 
Govt. officers. Ranking of factors of terrorism within Pakistan is done and can be attained 
for different countries facing the terrorism. 
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