Measuring Police Efficiency in India

An Application of Data Envelopment Analysis
Published: Policing: An International Journal of Police Strategies & Management 29(1): 125-145. [Co-Author G. Nagesh] 2006.
Abstract

The objective of this research is to develop a method for measuring police efficiency. However, what constitutes police efficiency is ill-defined and debatable. The varied nature of policing and diversity of its tasks makes any attempt to define its role extremely difficult. The police serve a number of constituencies, from the citizens to elected politicians and special interest groups. Each has their own demands and expectations making any kind of uniform evaluation highly subjective and narrow. This paper presents Data Envelopment Analysis [DEA], a comparative or relative efficiency measuring mechanism that compares some set units with each other using several variables. It does not seek any absolute measure of efficiency but provides a rationale for identifying good performance practices. It helps in generating targets of performance, the optimum levels of operations, role models that inefficient departments can emulate and the extent to which improvements can be made over a period of time. This technique is applied to data from India where the performances of State police units are measured. The results suggest ways in which many State police departments can improve their overall efficiency. The paper also suggests ways in which police efficiency may be formulated and compared across different units of organization. The value of this paper is that it introduces a new technique to police practitioners and researchers and demonstrates its efficacy by case analysis from India.
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Introduction


The evaluation of productivity and performance of police institutions as well as individual officers remains a contentious issue (Kelling, 1992). The role of police in any given society is not defined clearly and officers are asked to provide a variety of functions (Walker and Katz, 2000). Many of these tasks like crime prevention, order maintenance and law enforcement are difficult to enumerate and assess. There is also the problem of role conflict amongst police officers, politicians and citizens as to which is more important. Nevertheless, questions about police performance persist. In India, crime and law & order issues are always at the forefront of news media. The growing insecurity and rise in violent crimes (NCRB, 2000) especially in the notorious states like UP and Bihar where lawlessness is common are always raising questions about police competency. Furthermore, crime is always newsworthy and a means of putting the government or ruling party on the defensive. Thus, it is a common phenomenon for the Indian press or the opposition parties to pick up a few of the serious, violent crimes and shout hoarse that the ‘law and order’ situation is dismal. Almost, every murder or robbery or kidnapping, especially in large metropolitan cities attracts public attention and demands for better police performance (Sharma, 2004). In this acrimonious debate there has been little attempt to define specific yardsticks for measuring police performance in India.  Indeed, no systematic attempt has been made in this direction. The debate, accusations and controversy occurs without any basis.  This paper is perhaps the first serious attempt to develop and apply scientific methodology to measure police performance in India. 


Since there are no standard means of evaluating police functions there are no standard measures. Historically, OW Wilson was one of the first officers to use workload formulas that reflected crime and calls for service to set performance boundaries. Alpert and Moore (1997: 265) suggested “reported crime rates, arrests, clearance rates and response times” as measures of productivity and performance of police efficiency. Victim and citizen satisfaction surveys are other means for evaluating police work but these are exorbitant in costs and difficult to implement. 


Official crime statistics are commonly used in India to judge police performance. However, crime data is not a reliable measure since not all crimes are reported to the police, largely due to mistrust in the organization (Verma, 1993). Of course, it is well known that many other factors other than police activity influence crime incidents. Black (1970) points out that crime is a social phenomenon and recording of criminal incidents is a cooperative venture between the police and the citizens. The level of cooperation varies from one area to the next and hence crime rates cannot be used to compare performance of police agencies in detecting and controlling crime.


The arrest of offenders suggests police initiative and thus a measure of its productivity. In India, the police are heavily politicized and on occasions the decision to arrest is made on political considerations rather than as a means to deal with the crime phenomenon (Singh, 1999; Raghavan 1999). Police also indulge in selective enforcement of laws that affect arrest rates. Many-a-times large scale arrests are a by-product of political agitations and demonstrations where police use preventive detention laws to control the crowd and unruly elements. Also, in Gandhian mode of Satyagrah, people offer themselves for arrest as a mark of protest against government policies. Clearly, the number of people arrested by the police is not an indication of its efficiency in the country.


The clearance rate, which is indicative of sufficient evidence to charge the offender, seems a better measure of police performance. However, clearance rates are based upon reported incidents of crimes and are not stable since these vary by the type of crimes. In any case these are based upon the police officer’s assumption that there is sufficient evidence to warrant the arrest. In India, since public prosecutors function under the administrative control of senior police officers the prosecutors are unable to deny the directions of the police Superintendents. It is well known that frequently police submit charge-sheet and force cases to be sent for trial over the objections of the prosecutor. As criminal trials in India are taking almost eight to ten years for completion the police succeed in entangling the suspect in long drawn processes even if no conviction is forthcoming. 

It is clear that law enforcement is one of the main responsibilities of the police in the country. Order maintenance and dealing with large scale demonstrations, political agitations and crowd control are important activities for the police departments (Verma, 1997). Accordingly, in measuring the performance of police in India an account of these order maintenance activities should also be incorporated. Perhaps the number of law and order incidents, the time spent by deployed officers, the number of processions and demonstrations in a stipulated time period handled by the police could serve as means to measure order maintenance work of the department. However, this data is not compiled and reported by the police in the country. Police register criminal cases in handling disorder problems only when crowds turn riotous and damage property or pose threats to life. Incidents where police succeed in preventing a riot or breakdown of order are not recorded by the police. There is thus no easy way to measure law and order maintenance functions of the police officers. 

Further, in seeking an index of performance it is prudent to be cautious about falling into the activity trap- focus on requirements that have no demonstrated connection to organizational goals (Longmire 1992). What is required is an evaluation of agency performance as a whole, involving more than one variable. Furthermore, since focus on a single unit may involve subjectivity an empirical technique to measure performance on a comparative basis appears a better method to assess efficiencies of police units. The key feature here is the idea that police departments are comparable units since they perform the same function in terms of the kinds of resource they use and the types of outputs they produce. We introduce and apply the technique of data envelopment analysis [DEA] to suggest a method of measuring police performance in India. In the following section we describe this technique and the system of policing in India and then analyze the police performance. We conclude with a discussion of its implications and future applications.

Methodology


Data Envelopment Analysis is a method for assessing comparative efficiencies in terms of resource conservation without detriment to its outputs or alternatively the scope for output augmentation without additional resources (Cooper, Seiford and Tone, 2000). The efficiencies assessed are comparative or relative because they reflect scope for resource conservation or output augmentation at one unit relative to other comparable benchmark units rather than in some absolute sense. It is better to seek relative rather than absolute efficiencies because in most practical contexts sufficient information to derive superior measures of absolute efficiency are not available. 


DEA was originally developed for assessing the comparative efficiencies of organizations such as banks, schools and restaurants (Thanassoulis, 2001). The basis for comparison is that they perform the same function in terms of resources they use and the types of outputs they produce. DEA therefore becomes a useful technique for assessing comparative police productivity since every police department uses similar resources- personnel and technology and provides similar outputs of service, crime control and order maintenance. As described above, some outputs like crime control and order maintenance are difficult to quantify. However, police efforts in these directions can be measured and compared in terms of offenders’ arrest and crime figures. DEA can assist in assessing comparative efficiencies since these reflect scope for resource conservation or output augmentation at one department relative to other comparable departments. This provides a way out to measure police productivity since we lack sufficient information to derive superior measures of absolute efficiencies. DEA also provides a rationale for identifying good performance practices, in generating targets of performance, the optimum levels of operations, role models that inefficient departments can emulate and the extent to which improvements can be made over a period of time.

DEA builds an understanding of how the transformation of resources to outcome works. It suggests what operating practices, mix of resources, scale sizes, scope of activities and so on the operating departments may adopt to improve their performance. Benchmark departments could be used as role models for other units to emulate. More specialized uses of DEA could suggest identification of types of unit they are rather than through operating practices they adopt. DEA can also be used to measure productivity changes over time both at operating unit level and at organizational level. Furthermore, resources need not be material or labor or capital but could be environmental and situational. For example, the community within which a police department operates may be treated as a ‘resource’ that the department taps for seeking information about the suspects of crime. DEA can be used to assess the relative efficiencies of police departments in converting local communities’ cooperation to arrests of suspects. This variable may be operationalized in terms of the ‘tips’ provided by the citizens, number of witnesses in investigations or even the number of citizens enrolled in police-public projects. Alternatively, DEA can be used to assess the impact of police presence or response time for dealing with specific problems. DEA can be used to judge how the resource of one police unit in a given place impacts on the situation and then assess the relative worth of placing more such units or in measuring the impact between different situations. While there are reports (Thanassoulis, 1995; Carrington, Puthucheary, Rose and Yaisawarng, 1997) of some applications DEA to police work, Indian police have never used this technique for evaluating their performance. The Indian police system, through its organizational structure and uniformity in operating policies, is ideal for DEA. 

The Technique of DEA


Any comparative performance measurement begins with the consideration of the unit of analysis. The unit is the entity we propose to compare on performance with other entities of similar kinds. Thus, we could compare local police units, large metropolitan city forces or all units of the state. Even international comparison between cities, provincial or national police forces can be undertaken. For any such unit of assessment we need to consider a set of resources that we call inputs and a set of outcomes that we call outputs. Obviously, environmental factors like political system, culture and even geographical features may affect the transformation process and can be incorporated in the assessment of inputs and outputs. 


The measure of performance reflects our estimate of a unit’s potential for resource conservation or output augmentation. In DEA we compute the ratio of output to input and describe the unit with the largest ratio to be the most efficient one. Obviously, a single performance indicator is rarely enough to convey the relative efficiencies of real operating departments. Due to the complex nature of the operations, multitude of resources (people, money, equipment, etc.) being utilized, and several activities (crime prevention, arrests, patrols, etc.) being performed, benchmarking and performance evaluation is not easy. Traditional approaches in these situations have mainly focused on two approaches: 

(1) Single measure based gap analysis – under this analysis, units are ranked based on one dimension (such as arrests per dollar spent, crimes reported per police officer) of their operations

(2) Averages based analysis – in this analysis, the emphasis is on the averages and after determining the appropriate average measures, each unit is judged on whether it is above average or below average. 


Not surprisingly, these approaches fail to generate a satisfactory picture of the performance of these complex operations. The single measure based gap analysis is inadequate in the presence of multiple measures of performance. In the presence of many inputs and outputs, as is the case with police units, it is very difficult to identify a single measure that enables one to generate a head-to-head comparison of the units. When one unit out performs another in one dimension, [say in terms of property crimes] but is worse off in another [in terms of violent crimes], how does one say which is more efficient? In addition, this approach does not adequately capture the interaction between the various inputs and the outputs. The averages based analysis is so focused on the center, that it distracts one from identifying the best practices. Obviously, the units that are doing the best are going to be away from the center, and through the process of averaging, significant amount of information on the performance of these ‘best practice’ units is lost. 


Data Envelopment Analysis (DEA) recognizes the need for an approach that overcomes these issues. DEA is a linear programming based method for evaluating the relative performances of Decision Making Units (DMUs) in the presence of many inputs and outputs. Using DEA, one can: 

(1) For each DMU, compute a single measure of relative efficiency; 

(2) Identify referent efficient DMUs from which best practices can be transferred; and 

(3) Overcome the deficiencies of traditional approaches based on one-dimensional measures or averages. 


DEA measures the relative efficiency of each DMU by transforming the multiple inputs and outputs to a single virtual input and a single virtual output. These virtual input and output are computed as weighted sums where the weights are selected in a manner that each DMU has the highest possible (but no greater than unity) efficiency rating. This is achieved through the formulation and solution of a sequence of linear programs, one associated with each DMU. The DMUs that have an efficiency rating of 1.0 are deemed efficient and the convex envelope connecting them is called the efficient frontier. The DMUs inside the efficient frontier are identified as inefficient and their relative efficiency rating is based on the distance from the efficient frontier. For each inefficient DMU, the point on the efficient frontier which is closest (it could be an efficient DMU or a convex combination of a few efficient ones) is identified as its reference point. It is from this reference point that best practices can be identified and transferred to an inefficient DMU in order to make it efficient. 

As an example, consider a situation that has K DMUs, with each of them having M inputs and N outputs. Let 
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be the level of out j at DMU k. Without loss of generality, it will be assumed that the inputs and the outputs are defined in a manner such that lower inputs and higher outputs are considered better. The relative efficiency of DMU k, denoted by
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The basic idea in this approach is that, through the use of weights 
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, the sets of inputs and outputs are converted to a single ‘virtual input’ and a single ‘virtual output’. The ratio of the virtual output to the virtual input determines the efficiency associated with the DMU. In addition, when the efficiency of a DMU is being computed, the weights are determined in such a way that its virtual input is set equal to 1. The resulting virtual output for that DMU determines its relative efficiency. The second constraint in the formulation ensures that no DMU has efficiency greater than 1 by ensuring that the virtual output is no more than the virtual input. Due to the presence of multiple measures of performance, each DMU would like to choose weights that put it in the best light and this linear programming formulation does just that. That is, when solving for DMU k, the weights chosen are the ones that result in that DMU getting the highest efficiency possible. Any other set of weights would only result in the DMU having a lower efficiency rating. In order to complete the analysis, k linear programs (one each for a DMU) need to be solved and the relative efficiencies of the DMUs can be tabulated. The technique is therefore an attempt to find the ‘best’ virtual unit for every real unit. If the virtual unit is better than the real one by either making more output with same input or making similar output with less input than we say that the real unit is inefficient. Thus, analyzing the efficiency of N real units becomes an analysis of N linear programming problems.

Data Sources and Background Information on Indian police system


We measure the performance of police in India through DEA by using criminal justice data of year 1997 (NCRB, 2000). All the crimes reported to the police along with a host of other forms of organizational data are compiled annually by the National Crime Records Bureau and reported in a volume titled Crime in India. The criminal justice system is largely uniform across the country. The basic criminal laws that define criminal behavior, prescribe police procedures and guide evidence presentation in the courts are the same across the country. The Indian Penal Code, Code of Criminal Procedure and Indian Evidence Act form the basic legal system for police operations and apply everywhere in India
. Similarly, the laws governing the structure of the police organization, training of officers, and even the administrative forms and rules are virtually uniform across the country. 


The police are organized at the provincial level and function under one command under the power of State government. We therefore choose the unit of analysis to be the State. This is an appropriate unit since the organizations are similar everywhere. The Police Act of 1861 governs policing in the country and the administrative structure established by the British has continued unchanged to the present period. Each of the twenty five States has its own police organization that is headed by a Director General belonging to the Indian Police Service (IPS) which is a federally recruited body. The IPS forms the apex of the hierarchy in the police system and all ranks from the Superintendent upwards are filled by its members. Although, IPS officers are federally recruited, they are allotted a State cadre where they serve for most part of their career. The fact that IPS constitutes a single body and its officers are selected, trained and treated alike ensures that the policing system is almost unitary in the country. 

The organizational structure is also similar everywhere. All the States are divided into ranges and districts, both again headed by IPS officers. The districts are subdivided into police station jurisdictions and a typical police station will have an inspector or sub-inspector as station officer-in-charge of other investigators and constables for patrolling and general duties. Under the law, a constable has no investigatory role to play and has largely been confined to beat patrolling, escort duties and to assist the investigating officers. Since constables form the bulk of personnel, almost 70%, the major responsibility falls upon sub-inspectors who do most of the paper work and investigation of cases. The typical strength of a police station is around 6-8 investigating officers and 16-18 constables. Usually, only a few of the officers are armed though many police stations have an armed unit of 4-5 constables who are from the armed wing of the force and restricted to patrolling and escort duties. 


It may be noted that the States differ considerably in terms of size, population and economic development. Consequently, the nature and volume of criminality also varies from State to State. The etiology of criminality in the country has not been investigated thoroughly but it is clear that these differences may be attributed to the varied state of industrialization, urbanization, literacy and social history amongst different regions (Verma and Kumar, 2000). Dacoity (armed robbery by 5 or more people), forms a major challenge for police forces in the states of Uttar Pradesh, Bihar and Rajasthan but is rarely reported in the states of Goa, Arunachal Pradesh and Himachal Pradesh. The States of Maharastra, Gujarat and Punjab are heavily industrialized while Bihar, Orissa and Uttar Pradesh are primarily agricultural. In terms of road connectivity, communications, and rate of vehicle ownership too these former States are more developed than the other States. Every State also has a distinct language and the bulk of police work is done in the vernacular language. Nevertheless, all administrative forms and procedures are comparable.


The numbers of police personnel vary considerably amongst the States since the populations too vary similarly. For instance, the State of Uttar Pradesh has a population of 160.7 million with 131950 numbers of police officers. On the other hand the mountainous State of Sikkim has only 1908 number of police personnel for a population of around 0.51 million (NCRB, 2000). Nevertheless, despite some dissimilarity the police-public ratio is generally similar throughout the nation and thus comparable. However, economic strengths vary considerably across the country. A small State like Punjab ranks at the top in terms of per capita income while the state of Bihar with more than 60 million people is virtually at the bottom. Accordingly, police budgets reflecting inputs provided by the State are related to the financial capacity of the government. However, it may be noted that police expenditures usually comprise a third of the total budget of State governments. It should be noted that Indian States differ considerably in terms of ethnicity, language and culture. No doubt, these factors affect police work. However, it is difficult to develop variables that could control these factors. A comparative analysis can only take into account variables that are common to all the constituents and we have to accept this limitation in our application.

There are considerable restrictions upon the discretion exercised by the police officers. Although, they may arrest a suspect without warrant but every arrested person has to be produced before a judicial magistrate within 24 hours. Commonly, the police cannot search any premises without a warrant obtained from a magistrate. However, in practice the officers claiming emergency situation can search and arrest any person (Verma, 1997). The case load of investigating officers is considerable. They handle all work from the registration of the criminal complaint to the collection of evidence, recording witness statements, preparing the case for Court trial and maintaining related paperwork. They are also responsible for the upkeep of police station records, collection of intelligence and maintaining cordial relations with the citizens. It is their work which determines the performance of police department to a large extent. Most of these officers are university graduates but many are promoted from lower ranks also. The police departments are also poorly funded. The majority of funds are for salaries and there is no system of overtime payments. Generally, all material acquisitions have to be procured by seeking government grants tailored to a specific need and only a limited amount is provided for general maintenance of vehicles, buildings, communication equipment and uniform. There are regional differences in resources and working conditions but the system is uniform and police functions, responsibilities, organization and training remain comparable across different States. 

DEA Analysis of Indian Police Units


Identification and collection of the relevant data is an important first step in applying DEA to any system. With respect to policing, as with any other organization, there can be a significant debate about the important input and output parameters. An excellent discussion on the evaluation of the inputs and outputs in regards to police forces can be found in (Drake and Simper, 2003). They have also provided, in tabular form, the inputs and outputs used by the other authors in this domain. After much discussion, we chose some of these appropriate input and output measures based on two major criterion: (i) data availability; and (ii) personal experience
. For the year 1997, we collected the following information about the police activities for all the 25 states in India. 

1. Total Expenditure in Crores
 of Rupees (TECR)

2. Number of Police Officers (NPO)

3. Number of Investigating Officers (NIO)

4. Total Number of Investigated Cases (TNIC)

5. Number of Persons Arrested (NPA)

6. Number of Persons Charge Sheeted (NPCS)

7. Number of Persons Convicted (NPC)

8. Number of Trials Completed  (NTC)


We believe that these variables provide essential information about the Indian police organization and can help compare the relative efficiencies of the police units. We treated the first four measures as inputs and the next four measures as outputs. The variable ‘reported crimes’ was treated as an input on the assumption that this number forms the basis for subsequent work of investigation and prosecution. The police no doubt work to prevent crimes but it is impossible to measure the number of crimes that were prevented. If the number of crimes reported is high then it signals a higher input in the analysis. Clearly, for the police organization to become efficient a lower value of the denominator will be a welcome factor. Hence, the use of reported crimes as an input does take into account the preventive work performed by the particular police department. The selection of these inputs and outputs enables us to use the cost methodology of DEA as opposed to production methodology used by some researchers. (Drake and Simper, 2000).


The objective of creating these input and output variables was to identify a set of weights, create a single virtual input and a single virtual output, and compute their ratio as the relative efficiency associated with a unit. The key innovation in DEA is that, for each unit, these weights can be chosen to maximize that unit. Thus for each State, we were required to solve a linear program that determined the optimal weights. For the purpose of analysis we used the software called DEA-Frontier (www.deafrontier.com).  


While DEA is most useful in the presence of many inputs and outputs, at higher dimensions it is impossible to illustrate how DEA actually works. Thus, for explanatory purposes, we first considered the simple case of one input, expenditure and two outputs namely, number of persons arrested and number of persons convicted. 

Case of one input and two outputs 


In this section, we perform a detailed analysis of a subset of data containing one input and two outputs. Our goal here is to use the simplified problem as a backdrop for providing the reader a useful primer and on the use and advantages of DEA. With that objective in mind, we will perform the analysis in small steps and use figures, when possible, to elucidate the concepts.

The following table contains, for each of the states, total expenditure in crores of rupees (TECR), number of persons arrested (NPA), and number of persons convicted (NPC). In addition, there are two columns that list the number of persons arrested per crore rupees (NPACR) and number of trials completed per crore rupees (NPCCR). 

Insert Table 1 about here

Such a ratio based analysis is a useful method for comparing performance of police units. However, it can lead to significant confusion about how competitive they really are. For example, consider the case of Madhya Pradesh and Andhra Pradesh. The former has a better performance with respect to number of convictions per crore rupees where as the latter is dominant on the basis of number of arrests per crore rupees. Both can therefore claim good performance. Therefore, it is better to determine a single measure that captures the relative performance of these two units. On the other hand, when one compares Kerala and Orissa, it is easily seen that Kerala has a higher performance on both fronts. Thus, it is an unambiguous winner and it is fair to say that comparatively speaking Orissa is operating inefficiently. A police unit can be deemed efficient when there does not exist a unit or a combination of units that dominates it on both fronts. However, interpreting different ratios is problematic. Since we have only two dimensions in this situation the data can be easily represented on a graph. 

Insert figure 1 about here


The positions on the graph display relative levels of performance. Notice that there are three efficient units, namely Karnataka, Rajasthan, and Tamil Nadu since there is no unit that is above them. The lines that connect them is called efficient frontier which is the convex hull of the data (Beasley, 2003). This efficient frontier is derived from the examples of best practices contained in the given data and represents a performance level that other units below this frontier could try to achieve. Since a number is easier to interpret we anoint these three units with an efficiency rating of 100 while all the others are given a lower rating and labeled inefficient. The efficiency rating of an inefficient unit is determined by its relative positioning between the origin and the efficient frontier. This does not mean that the performance of these three states cannot be improved further. All that can be said is that on the basis of available data (or the one used in the analysis) it cannot be said to what extent their performance can be improved. 

We can now determine the relative numerical efficiency of other states by drawing a line that connects the origin and the position of the given state to the convex hull- the efficient frontier. The relative efficiency is then given by the ratio of the length of the line from the origin to the point representing the state’s position and the length of the line from the origin, through the state’s position to the efficient frontier. Consider the case of Kerala (shown in a rectangle) which has an efficiency rating of 46.41 due to its values of 640.55 and 77.72 for NPACR and NPCCR respectively. Its referent efficient police units are Rajasthan and Tamil Nadu, since a line from the origin, passing through Kerala hits the efficient frontier between those two. The state of Orissa has values of 514.67 and 36.00 for NPACR and NPCCR respectively and as a result assigned an efficiency rating of 26.30. In addition, it can be determined that its referent efficient units are Karnataka and Tamil Nadu. Let us revisit the case of Madhya Pradesh and Andhra Pradesh where both had good performance. For each one, distance from the efficient frontier determines its efficiency rating. It is easily seen that Madhya Pradesh (shown in the triangle) has a higher efficiency rating (80.77 versus 67.54) than Andhra Pradesh (shown in the pentagon).  

This issue of examining data in a different way is an important practical issue (Beasley, 2003). It shows how ratios can be viewed differently and used to derive targets that can help in achieving higher efficiency. For example, DEA analysis can help determine the target input and output levels necessary for each state to achieve efficiency. The following table lists the efficiency of each of the units and also details the target input (if the outputs were to be kept constant) and the target outputs (if the input were to be kept constant) necessary to be rated efficient.  Thus, in order to be considered efficient, based only upon the input of expenditure and output of arrests and convictions, the state of Gujarat must either reduce its expenditure to 189.13 crores or increase the arrests and convictions to 1.022 million and 68,208 respectively.

Insert Table 2 about here


It must be noted here that these relative efficiencies have a limited interpretation. This analysis does not mean that Andhra Pradesh is most efficient and Tripura is barely efficient (3%) in comparison to it. It indicates that these other states are adopting practices and procedures that could help Tripura improve its performance by adopting similar administrative practices.  This analysis suggests ways of identifying best and poor practices, target setting, resource allocation and monitoring efficiency changes over time.

Analysis of the Complete Data

The power and usefulness of DEA becomes apparent when several variables (four inputs and four outputs) are analyzed concurrently. The efficiency for each state is defined as a weighted sum of outputs divided by the weighted sum of all the inputs. The estimated efficiencies are restricted to lie between 0 and 100 percent and the weights are chosen so as to maximize the efficiency of the state under consideration. The following tables contain the four inputs and the four outputs for the states respectively:

Insert Tables 3 & 4 about here

With four inputs and four outputs, it is no longer possible to visualize the data in a simple graph and determine the optimal solution for a particular state. Instead, we used a linear programming approach to derive the solution for each state. 

The following table gives the results: 

Insert Table 5 about here

The table above contains the results from an analysis that determines the relative efficiencies and the target input and output levels for all the states. Notice that there are 11 efficient states and all the inefficient states can identify the referent efficient units. The main idea behind identifying the referent states is to study the practices at those units and try to implement some in-house. In addition, one can identify the target input and output levels for each of the twenty five states.

Insert Table 6 & 7 about here

 
The above DEA analysis presents some unexpected results. The states of Bihar, Gujarat and Orissa have a poor police image in the country. Gujarat has been a volatile state since the seventies and has been rocked by mass violence a number of times. There were serious communal riots in Gujarat recently that led to the killings of more than two thousand people, mostly belonging to the Muslim faith (Harding, 2002). The police failed to give protection in a partisan display and have failed to prosecute the guilty for which they have been criticized by the Supreme Court itself (Onkar Singh, 2003). In Orissa too there were many attacks on the Christian minority population and a missionary along with his two minor sons was burnt to death by an unruly mob (Rediff.com, 2003). Bihar is seen as a lawless state where atrocities against the weaker sections continue unabated. Left wing extremism has taken a heavy toll of lives and many areas are simply ungovernable (Prakash, 2003). The State has a large number of elected representatives who are involved in serious criminal cases and the police are seen to be helpless in providing basic security to the people (Dhillon, 2005). This raises question about the nature of efficiency of these units in the analysis. 


There could be two explanations for this result. One argument is that in terms of comparative input-output ratios amongst all the states, these three states do stand up. Contrary to popular belief and media reports these states are able to give efficient performance based upon their inputs of personnel and expenditures, at least on a comparative basis. Alternately, these states are so different from the other states in terms of their input-output variables that there is no referent state that is comparable to them. It may be argued that the data provided by the states is wrong. This may well be true since it is known that the dark figure of crime in the country is considerably larger than what is reported officially (Verma, 1993). However, there is little evidence to suggest that police behavior in registering citizen complaints differs across the states. Moreover, crime figures are just one of the input measures that we have used. There is little dispute about other input and output variables such as number of personnel and expenditures. Even the data for arrests and convictions is uncontested since these are handled by the judiciary which is an independent institution in the country. All these factors suggest that some states are indeed making best use of their resources and following good administrative practices even though public perception is otherwise. 


In some circumstances it is possible that some of the inputs and outputs either play a large role or no role in determining the efficiency of a decision making unit. To ensure that this has not occurred, it is necessary to perform a sensitivity analysis of the results with respect to perturbations in the inputs and outputs. We performed such an analysis and were pleased to notice that sensitivity measures were within acceptable ranges. For the inputs, the sensitivity measures (across all the police units) ranged from 0.29 to 2.56. At the same time, the output sensitivity measures ranged from 0.39 to 3.40 across all the states. The fact that these numbers were neither too high (for the outputs) nor too low (for the inputs) assured us the conclusions we arrived at were reliable.

Since the States have a wide range of inputs, it is imperative to check whether the size of a State plays any role determining whether it is efficient or not. This becomes an important question since there are some States like Uttar Pradesh that have a population of 160.7 million as compared to Manipur which has only 2.3 million people. There have been many arguments about cutting down the size of these large states in order to make their administration more ‘efficient’ (Mohan, 2003). To answer that question, we performed a returns-to-scale (RTS) estimation for each of the police units. We observed that 12 States had increasing returns to scale, 11 had constant returns to scale and only two (Maharashtra and Uttar Pradesh) had decreasing returns to scale. Notice that the set of efficient units contained States that spent as little as 23.82 crores (Goa) to as high as 621.26 crores (Andhra Pradesh).  Based on this information, it is fair to say that the size of the State does not play a significant role in determining its efficiency. However, it is plausible that the two largest States (Maharashtra and Uttar Pradesh) are scoring 5-8% lower on their efficiency due to their size. This returns-to-scale estimation is another strength of DEA.

Super Efficiency DEA

From a typical DEA procedure, it is not unreasonable to expect that a multitude of efficient units will be identified. All of them will be given an efficiency rating of 100 and as such it will not be possible to differentiate their performance. Some units that comparatively lie separate from other units on the graph may even be discerned to be efficient due to their isolated position. The case of Bihar, Gujarat and Orissa as described above may be of this nature. To overcome this problem, a procedure known as super efficiency DEA can be used. The key idea here is to compare the performance of a unit with only the other units present. For instance, if we want to compute the efficiency of Andhra Pradesh, we compare its inputs and outputs with all the other twenty four states. Traditional DEA procedure would have included Andhra Pradesh as well. As a result of comparing a unit with only its peers, it is possible to differentiate the relative performances of the efficient units as well. 

In order to illustrate how super-efficiency DEA works, consider the illustrative analysis of one input and two outputs presented in the earlier section. As shown in Figure1, three States, namely Karnataka, Rajasthan, and Tamil Nadu were found to be efficient and all three were assigned the same rating of 100%. To differentiate amongst the States we evaluate Tamil Nadu again and perform the DEA analysis assuming that it did not exist in the data base. In that case the efficient frontier will be a line (see figure 3 below) passing through Rajasthan and Karnataka. 

Insert figure 2 about here

Not surprisingly, Tamil Nadu now is outside the efficient frontier. A line connecting Tamil Nadu with the origin is also shown in the figure. The length of the line outside the ‘new’ efficient frontier determines the super-efficiency rating of Tamil Nadu. It turns out that it is now assigned an efficiency rating of 106% while Rajasthan and Karnataka are assigned 128% and 146% respectively. These new ratings, generated using super-efficiency DEA, enable us to generate an appropriate ranking of the efficient units. 

We do this with all the units, omitting each one at a time and determining their relative positions. The following table contains the efficiency ratings generated using super efficiency DEA on the complete data.

Insert Table 8 about here

Notice that the set of efficient States has not changed when compared with the earlier analysis. However, now the efficient States have unique efficiency values and thus it is possible to rank them based on that. Based on this data, we can say that Karnataka is much more efficient than all the states and is followed closely by Rajasthan. This now presents a more realistic picture for it can now be argued that the States of Bihar, Gujarat and Orissa are comparatively less efficient than the other States, a situation perceived by the people.

Discussion


The technique of DEA becomes useful in revealing the inter-relatedness of input-output variables and strengths-weaknesses of different performing police units. Some of the States like Karnataka, Andhra Pradesh and Tamil Nadu are perceived to be good performing States and the DEA analysis indeed confirms this impression. On the other hand for some States like Bihar, Orissa, Gujarat, Rajasthan and West Bengal the results spring a surprise. However, these results become understandable when we examine the input-output data itself. The three States of Karnataka, Andhra Pradesh and Tamil Nadu rank high for processing the number of investigations, making arrests and charge-sheeting the offenders. On top of that Karnataka has comparative smaller numbers of investigating officers [5131] than other states like Uttar Pradesh [13034]. Both Bihar and Orissa are recording smaller number of cases [perhaps a problem of minimization of crimes] but comparatively are arresting more and completing a much larger proportion of trials than some other States. Gujarat ranks 15th in the country in terms of the number of investigating officers but is ranked 9th in terms of arrests, filing charge sheets and obtaining conviction against the offenders. This pushes its efficiency rating. The State of Sikkim has much smaller number of investigated cases, arrests and submission of charge sheets with proportionately larger number of investigating officers. Not surprisingly, it is displayed as the least efficient state.


The technique however, is able to suggest ways of improving this relative efficiency. For example, Punjab will have to reduce the police strength from a total of 67746 personnel to 12519 while Sikkim must have only 71 investigating officers as opposed to 248 at present in order to attain more efficiency. This is only to suggest that these States have poor outputs in terms of their inputs like police personnel. They need to find ways of utilizing these personnel in a more effective manner. All the inefficient States can learn ‘good’ performance from the efficient ones by observing how they are processing their inputs and outputs. An examination of the efficient States also suggests what kind of inputs and outputs have made them efficient. We list these in table 9 given below.

Insert table 9 about here

This analysis suggests that a police unit may attain good performance by utilizing its input-output variables that best suit its organization and management. It may focus upon demanding more arrests or convictions from its investigating officers or demanding better use of the money provided to the department. Clearly, there are a number of ways in which a police unit can improve its performance. 

Conclusion


DEA presents a means to analyze input-output ratio in a unique manner. This assists in developing a theme of measuring efficiency of any organization that uses resources to produce some output or provide some services. The DEA can be used to address several issues that have effect on and are impacted by the productivity of any organizational unity. On the basis of any understandable variables of input-output, the technique may be applied to decompose efficiency into components that could be attributed to different layers of operations, supervision and management; to assess impact of policy on the performance of individual officers or sub-units within the organization and to measure performance changes over time for a particular organization. Accordingly, DEA can be helpful in not only measuring the efficient functioning of the police departments as described above but also that of other criminal justice agencies. For example we could assess the relative efficiencies of Judiciary and or Corrections by similarly analyzing their important input-output ratios. The functioning of different courts may be examined in terms of the criminal cases brought up for trial, the number of judges and prosecutors and expenditure serving as the input while the length of the trial and number of decisions reversed as an output. Similarly, for the departments of Corrections we may consider the number of correction officers, expenditure, number of jails and rated capacity as the input with the number of inmates per employee and Parole discharges successfully completing supervision as the output. These variables capture the basic and important operations of the two agencies and thus could be used to compare their relative performances. The technique may also be used to compare performance of criminal justice agencies at the international level by use of variables that are similar across different jurisdictions. Such a DEA based performance evaluation is likely to enable the criminal justice units to identify the strengths and weaknesses of their operations and improve, via the implementation of new policies and processes, current operations. 


Furthermore, the models that could be developed by this technique can lead to a greater understanding of the transformation processes involved in the operations of criminal justice agencies. These models can provide information for further attainment of organizational objectives, the optimal size at which departments or special units could operate, the role models that could be used to emulate and improve performance of comparable departments and the significance of particular functions and personnel within the organizations. The mathematics of DEA is likely to introduce a new dimension of research into the performance and evaluation of criminal justice agencies in the country and abroad. 
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� A modified version of Indian Penal code is applicable in the state of Jammu & Kashmir


� One of the authors worked in the Indiana Police Force for seventeen years.


� One crore is 10 million and at the present exchange rate, 1 dollar buys 46 rupees approximately
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