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I.  Introduction 

Armed robbery ranks among the most serious and feared criminal offences in Ghana because it involves both 

threatened or actual violence and loss of property to the victim. It assumed alarming proportion in the country 

immediately after the 1966 coup (Twumasi, 1996). Statistics indicates that Ashanti region topped armed robbery 

crime chart in 2011 with incidence of 176 (GNA, 2011). Accra which is the capital of Ghana recorded 113 cases 

in the same year (GNA, 2011). Police report indicates that Boadi-Tech, Anloga Junction, Oforikrom, Amakom, 

Afful-Nkwanta among other areas in the Kumasi metropolis are armed robbery prone zones in the Ashanti 

Region (GNA, 2011). 

Studies have shown that robbery offenders can be categorized into two groups; professional and amateur 

(Wallis, 2006; Yapp, 2010). These studies further indicated that professional armed robbers commit crime in a 

controlled manner using high levels of interaction and avoids much violence. One similar study by Mathew, 

(2002) claimed that professional armed robbers are few in number but have the highest level of motivation 

among the groups and consider armed robbery as a job or a way of life. However, the amateur operates with low 

level of organization, select more accessible targets, lack experience, use violence frequently and less likely to 

use firearms (Mathew, 2002). Some recent studies confirm earlier results especially Wallis, (2006) noted that 

the amateur or the opportunist robbers prefer to work independently, spend little or no time and effort to plan 

robbery and so target low risk victims. 

A recent study showed that increasing number of offenders in robbery increases the likelihood of using firearm 

by the offenders (Smith et al., 2011). The study revealed that robbery incidents involving single offender 

involved 11% firearm use compared to incidents involving five offenders (33%). Moreover, the study by 

Kapardis (1988) found that victims are four times more likely to be injured if a gang of three or more offenders 

are involved in robbery rather than a single offender. The severity of injury sustained by victims in robberies has 

been a useful subject in some prior studies (Breul, 2013; Libby, 2009). One study in this direction was done by 

making use of binary logistic regression model (Apel et., 2011). The ordinal logistic model also called the 

proportional odds (PO) model can be utilized within this context if the severity of victim injury can be viewed as 

a number of ordered outcomes. In this framework the ordered outcomes can be No injury, Minor injury and 

serious injury. The PO model can be expressed as a latent variable model (Agresti, 2002). This provides a 

mathematical framework that allows for studying the association between the explanatory variables and the 

ordered categories of the response variable. The aim of this paper is to explore the categories of victim injury 

severity that are associated with robbery situational characteristics in Kumasi, Ghana. 

 

II. Method 

A.  Study Setting 

This study made use of Daily Situational Report (SITREP) and Monthly Intelligence statistics on robbery 

incidents which were recorded between January 2010 and December 2013 at the B. Police District in Kumasi, 
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Ghana. The jurisdiction of the District cover Oforikrom, Anloga, Sesankyi, Sesanso, Bomso, Maxima, Ayigya, 

AyigyaZongo, KNUST, Oduom, Kentikrono, Aprade, Mango Down, Boadi, Emena, Ayeduase, Kotei, Deduako, 

and Apromase, Akwatia-line, Manhyia, New Zongo, YalewaZongo, Asem, Amakom, Roman Hill, Fanti New 

Town, and Afful-Nkwanta all in Kumasi. The study variables extracted from the robbery data are victim injury 

severity and robbery situational characteristics. The proportional odds model is the major statistical tool. In this 

model the variable victim injury severity was used as response and robbery situational characteristics as 

explanatory variables. The response variable was measured on the ordinal scale (no injury=0, minor injury=1 

and serious injury=2). Moreover, the explanatory variables were mainly categorical. All statistical analyses were 

computationally executed in R software. 

 

B.  Statistical Methodology 

This section presents the theory of statistical methods used to analyze the robbery data. The ordinal logistic 

regression is the major tool utilized in this paper. Specifically, the proportional odds (PO) version of the ordinal 

logistic model is used. Assuming Y is a categorical response variable with c ordered categories. The 

proportional odds (PO) model sometimes called the cumulative logit model models the log odds of the first c -1 

cumulative probabilities as 

 

                   
       

         
          

   

     
  

    

  

The quantity to the left of the equal sign is called a logit. It is the log of the odds that an event occurs. The odds 

that an event occurs are the ratio of the number of people who experience the event to the number of people who 

do not. The PO model has been described by McCullagh (1980) as the most popular ordinal logistic model. The 

relationship between the cumulative logits of Y is 

    

                                                 ln 
  

    
 =ln 

  

         

 , i=1…c-1 

Consider a collection of   explanatory variables denoted by the covariate vector                , to 

estimate the          or logit of being at or below the jth category, the PO model can be rewritten as 

 

                           
                

                

  

                        

 

where          , therefore leading to c -1 logits. 

Each logit has its own _i term called the threshold value and their values do not depend on the independent 

variables. The model assumes linear relationship for each logit. Moreover, it assumes that the logits are parallel 

lines. The assumption of parallelism is evaluated through the ”test of parallel lines” by comparing the PO model 

which has one set of coefficients for all thresholds to a model with a separate set of coefficients for each 

threshold. Moreover, the PO model can be expressed as a latent variable model (Agresti, 2002). 

Assuming a latent variable,   exists,         , can be defined where   is a row vector       containing 

no constant,   is a column vector (kX1) of structural coefficients, and  is random error with standard normal 

distribution. Let    be divided by some cut points (thresholds):                 where   <  <   

<       . The latent variable model for   categories of the response variable   can be expressed as 

 

   
  
 
 

 
        

            

          

 

 

III.  Results 

 

In this section the methods discussed in the previous section have been applied to analyze the robbery data. 

Table 1 shows the frequency distribution of the degree of injury severity of robbery victims. Entirely 300 armed 

robbery cases were recorded from 2010 to 2013 at the areas under the jurisdiction of B. District Police 

Command. From the table most of the armed robbery cases resulted to minor injury with occurrence rate of 

41.7%.The robberies that resulted to serious and no injury were 25.3% and 33.0% respectively. 
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Table 1: Frequency Distribution of Victim Injury Severity 
Response variable Frequency Percent 

No Injury 99 33.0 

Minor Injury 125 41.7 
Serious injury 76 25.3 

Total case 300 100.0 

 

The situational characteristics of robberies are presented in Table 2. Robberies that involved in the use of 

firearm (86.0%) were more than those without firearm (14.0%). The cases executed with knife or cutting 

instruments were fewer than those done without these. This is similar to the case of blunt objects. Robberies 

involving single victims were more compared to multiple victims. In addition, victims of robbery are mostly 

employed with fewer been students. 

Table 2: Frequency Distribution for Robbery Situational Characteristics 
 Frequency Percent 

Firearm Present   

Yes  258 86.0 

No 42 14.0 

Knife/cutting Instruments   

Yes 124 41.3 
No 176 58.7 

Blunt Object Present   

Yes 136 45.3 
No 164 54.7 

Number of Victims   

Single 173 57.7 
Multiple 127 42.3 

Occupation of Victims   

Students 109 36.3 
Employed 191 63.7 

Personal Weapon (Fists, legs) 184 61.3 

 

Results of the PO model fitted to the robbery data are presented in Table 3. The coefficients estimates, standard 

errors, Wald statistic and the p-values for all the explanatory variables are shown. The estimated threshold for 

no injury is -17.532 with corresponding p-values of 0.000<0.05. Also the threshold for minor injury is -12.656 

(p-value = 0.000<0.05). The p-values suggest that the threshold values for no injury and minor injury are 

statistically significant at 5% level. 

Furthermore, the situational characteristics that are significantly associated with victim injury severity are the 

use of firearm (p-value=0.000), knife and other cutting instruments (p-value=0.000) and blunt objects (p -

value=0.000) in robberies. However, the use of personal weapon (p-value=0.954>0.05), occupation of victims 

(p-value= 0.181>0.05) and number of victims (p-value=0.549>0.05) present at robbery scene are not significant. 

The findings suggests that the main factors influencing the degree of victim injury severity are the presence of 

firearm,  knife and other cutting instruments and, use of blunt objects by armed robbers. Using the logit 

coefficients of the significant variables, the PO models for no injury and minor injury are given by Equation 1 

and 2 
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where FAM is Firearm, KTI is Knife and other cutting instruments and BTO is blunt objects. From the threshold 

values in the PO model the latent variable model for victim injury severity is 

 

   

          
            
              

 
             

                    

              

 

From Equation 1 an estimate for the category of injury severity associated with the use of firearm in robberies 

controlling the effect of other variables is found by 

 

                                                             

 

                            

Comparing to the latent variable model, the value of -10.23 falls within the range of serious injury. This 

suggests that the logit of victim injury being serious is subject to the use of firearm in robberies. Moreover, 



Adjavon et al.,  American International Journal of  Research in Science, Technology, Engineering & Mathematics,  10(1),  March-May 

2015, pp. 59-63 

AIJRSTEM 15-319; © 2015, AIJRSTEM All Rights Reserved                                                                                                            Page 62 

controlling the effect of other variables, the estimate of victim injury severity for the use of knife and other 

cutting instruments in robberies is 

                                                            
 

                                     = -17.532 + 6.924 = -10.608      

   

The value of -10.608 is within the range of serious injury. This means that the logit of victim injury being 

serious depends on the use of knife and other cutting instruments in robberies. The estimate for victim injury 

severity for the use of blunt objects in robberies controlling the effect of other variables is 

 

                                             Logit(No injury) = -17.532 + 7.302(0) + 6.924(0) + 3.197(1)    

                                             = -17.532 + 3.197 = -14.335       

The resulting figure of -14.335 is within the range of minor injury. This suggests that the logit of victim injury 

being minor depends on the use of blunt objects in robberies. From equation 7 an estimate for victim injury 

severity for the use of firearm in robberies is 

                                    Logit(Minor injury) = -12.656 + 7.302(1) + 6.924(0) + 3.197(1)     

                                                             = -12.656 + 7.302 = -5.354      

  

The result shows that, the use of firearm is not associated with the logit of minor injury but with the logit of 

serious injury. It implies that, when firearm is discharged during robbery, then injury sustained by victim is 

likely to be serious. This result is consistent with that of Equation 6. For knife and other cutting instruments, the 

injury severity is 

                            Logit(Minor injury) = -12.656 + 7.302(0) + 6.924(1) + 3.197(1)    

                                  = -12.656 + 6.924 = -5.732       

Similarly, for the association of blunt objects with injury severity 

Logit(minor injury) = -12.656 + 7.302(0) + 6.924(1) + 3.197(1)                                   

= -12.656 + 3.197 = -9.459        

Table 3: Proportional Odds Model for Victim Injury Severity 
Variable Estimate Std Error Wald  p-value 

Threshold 

 

    

No Injury -17.552 2.006 76.543 0.000 
Minor Injury -12.655 1.508 70.464 0.000 

Event characteristics 

 

    

firearm (yes) -7.302 0.986 54.864 0.000 

firearm (no) 0    

Knife/cutting instruments (yes) -6.924 0.756 83.933 0.000 
Knife/cutting instruments (no) 0    

Blunt Object used (yes) 3.197 0.650 24.182 0.000 

Blunt Object used (no) 0    
Number of victims (multiple) -0.173 0.289 0.361 0.549 

Number of victims (single) 0    

Occupation of victims (employed) -0.394 0.294 1.792 0.181 
Occupation of victims (student) 0    

Personal weapon (yes) 0.106 1.828 83.933 0.954 

Personal weapon (no) 0    

 

Table 4.8 provides results for the test of parallel lines assumption based on the stated hypothesis below. 

Hypothesis 

  : Slope coefficients are the same across response categories. 

  : Slope coefficients are not the same across response categories. 

 

Table 4: Test of parallel lines for the Proportional Odds model 
Model -2log Likelihood Chi-Square p-value 

Constrained model 55.080   

General model 47.640 7.441 0.282 

 

The chi-square value of 7.441 resulting from the difference between the log likelihood of the constrained model 

and general model is relatively large. This value corresponds to a p-value of 0.282 which is larger than 5% level 

of statistical significance. This implies that the test is not significant at 5% level. Therefore there is no evidence 

to reject the null hypothesis. Hence, the coefficients are the same across the three categories of injury severity 

and that the fitted logits of the PO models are parallel. These depict that the proportional odds model developed 

in this paper is valid and consistent with the robbery data. 
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IV.  Conclusion 

The findings of this study revealed that the use of personal weapon, occupation of victims and number of 

victims present at robbery scene are not significantly associated with victim injury severity. However, the use of 

firearm, knife and other cutting instruments, and blunt objects are significantly associated with victim injury 

severity. Categorically, the logit of victim injury being serious depends on the use of firearm, knife and cutting 

instruments in robberies. Moreover, the logit of victim injury being minor depends on the use of blunt objects in 

robberies. We expect that the findings of the study help the law enforcement agencies in Kumasi to focus not 

only their enforcement efforts but also their awareness campaigns to establish priorities in sensitizing the public 

on how to relate to robbers when attacked in order to prevent or reduce injuries. 
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