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Abstract Italian authorities have been reprimanded by the European Court of Human Rights (ECtHR) in order to remedy the structural problems at the origin of many violations of the European Convention on Human Rights, due to the excessive length of judicial proceedings. It is urgent an intervention in order to save time and to cut costs of the Italian judicial system. Efficiency and effectiveness are key goals for managing justice in Italy, but are not easy to achieve. In this paper, using a segmentation tree we select the variables that influence the courts performances. Then a Stochastic Frontier Model (SFM) is used to compare the efficiency of the Italian courts.
Riassunto Le autorità italiane sono state rimproverate dalla Corte europea dei diritti dell'uomo (CEDU), al fine di porre rimedio ai problemi strutturali all'origine delle numerose violazioni della Convenzione europea dei diritti dell'uomo a causa della eccessiva lunghezza dei procedimenti giudiziari. È urgente un intervento al fine di risparmiare tempo e ridurre i  costi del sistema giudiziario italiano. Efficienza ed efficacia sono obiettivi fondamentali per la gestione della giustizia in Italia, ma non sono facili da raggiungere. In questo lavoro, utilizzando un albero di segmentazione selezioniamo le variabili che influenzano le prestazioni tribunali. Poi utilizzando un modello a frontiera stocastica (SFM) si confrontano i  tribunali italiani in base alla loro efficienza.
Key words: Justice, Efficiency, CaRT (Classification and Regression Trees), Stochastic Frontier Models.
1 Justice efficiency in Italy
Italy's courts were faced with over eight million outstanding cases in June 2013, 5.2 million civil ones and almost 3.3 million criminal ones. 
The Public Administration and Innovation Ministry and Consiglio Superiore della Magistratura signed a document to change justice governance and to evaluate magistrates observing the Best Practices Project according to CAF (Common Assessment Framework) for Justice.

In this paper we compare the 26 Italian appellate Courts, in order to estimate their efficiency and to analyze the causes of deviations from the maximum efficiency.
In order to select the variables that have greater influence on courts performances we use a decision tree classification. Then a stochastic frontier model is estimated to compare the efficiency of the courts. 

2
Measuring efficiency through CaRT and SFA
Recent interest in estimating inefficiency arises out of concerns about the justice delays. 
In order to find the determinants of courts performances it is possible to use a decision trees able to predict or to explain responses on a categorical dependent variable. A tree can be “learned” by splitting the source set into subsets based on an attribute value test and this process is repeated on each derived subset in a recursive manner called “recursive partitioning”. The recursion is completed when the units in a node have all the same value of the target variable, when splitting no longer adds value to the predictions or when the tree reach some “a priori” limits, given by the researcher (Breiman et al., 1984). This process of top-down induction of decision trees is by far the most common strategy for learning decision trees from data. 

We applied the CaRT algorithm of SPSS with minimum 2 cases in parent nodes and 1 case in child nodes: these low critical values are acceptable when the units consider the entire population of cases. The algorithm is able to find the best cut off points for continuous variables.
To measure the degree of efficiency of a unit it is necessary to define the production frontier, which identifies the set of the best combinations of inputs.

We can measure efficiency as departures from a frontier (Aigner et al., 1977; Meeusen & van den Broeck, 1977). 

This technique defines the production technology for a particular industry using a stochastic production frontier in which output is expressed as a function of inputs, a random error component and a one-sided technical inefficiency component which captures deviations below the optimal output level (frontier). 

A stochastic frontier model is often written as:

q = f(x1, x2,…., xN)+ν −u

Where:
q 
is the general production function obtained from the input factors  x1, x2, …, xN ;

ν 
is the noise component that describes random shocks affecting the production process. These shocks are not directly attributable to the producer or the underlying technology. Each producer is facing a different shock, but we assume the shocks are random. Usually it is a two-sided normally distributed variable. Standard assumptions of zero mean, homoscedasticity and independence are assumed.

u 
is the non-negative technical inefficiency component. It represents technical inefficiency to a general production function.  This means that actual output is less than what is postulated by the production. The ui are identically and independently distributed non-negative half normal (truncated at 0) random variables.

The components  v  and  u  are independently distributed and constitute a compound error term, with a specific distribution to be determined, hence the name of “composed error model” as is often referred.

Often a Cobb–Douglas function is used to model the production function. It represents the technological relationship between the amounts of two or more inputs, particularly physical capital and labour, and the amount of output that can be produced by those inputs. The Cobb-Douglas form was developed and tested against statistical evidence by Charles Cobb and Paul Douglas during 1927–1947:
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So the stochastic frontier model can be written as: 
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In general, a stochastic frontier model with several inputs and general functional form (which is linear in parameters) is written as

ln qi = ln xi'( + vi −ui . 

By construction, the inefficiency term is always between 0 and 1. This means that, if a firm is inefficient, then it produces less than what is expected from the inputs used by the firm at the given technology. Technical efficiency can be defined as the ratio of “observed output” and the stochastic frontier output
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The inefficiency effects model was formulated and estimated jointly with the Cobb-Douglas stochastic frontier model in a single stage maximum likelihood estimation procedure using the computer software Frontier Version 4.1 (Coelli, 1996). 

Here, the parameterization of Battese and Corra is used, replacing  σ2V  and  σ2U   with  σ2 = σ2V + σ2U   and ( = (2U/((2V + (2U). This is done calculating the maximum likelihood estimates. 

3 The data 

In order to measure the efficiency of the Justice system we considered the demand and the offer of justice services and the resources available in terms of number of professional judges. The data presented in this paper come from Direzione Generale di Statistica (DG-stat) of Ministry of Justice. This office belongs to SISTAN and offers certified data.

Table 1. Number of new, resolved and pending civil, commercial and criminal cases, number of professional judges sitting in courts, number of lawyers enrolled in the Lawyers’ pension fund, year 2011.
	District
	New cases

	Resolved cases
	Pending cases
	Judges

	Lawyers enrolled in the Lawyers’ pension fund

	Ancona
	171.751
	175.979
	142.525
	150
	3.925

	Bari
	291.830
	314.603
	542.150
	388
	7.583

	Bologna
	460.808
	476.991
	437.735
	393
	10.611

	Brescia
	267.813
	264.769
	269.912
	226
	4.665

	Cagliari
	177.374
	169.373
	202.358
	218
	3.637

	Caltanissetta
	45.982
	45.001
	50.519
	98
	864

	Campobasso
	48.118
	45.030
	41.136
	52
	912

	Catania
	222.284
	200.496
	281.870
	294
	4.346

	Catanzaro
	220.656
	218.409
	338.104
	245
	4.637

	Firenze
	421.813
	407.044
	402.031
	392
	9.175

	Genova
	216.932
	219.460
	206.310
	280
	5.570

	L'Aquila
	182.405
	181.761
	159.310
	174
	3.895

	Lecce
	230.962
	251.070
	313.838
	160
	5.495

	Messina
	99.683
	108.720
	176.230
	136
	2.156

	Milano
	712.146
	711.521
	566.643
	750
	21.566

	Napoli
	943.073
	975.477
	1.328.623
	924
	15.653

	Palermo
	230.635
	217.348
	244.670
	395
	4.832

	Perugia
	103.406
	105.659
	108.075
	93
	2.240

	Potenza
	67.731
	69.613
	100.412
	89
	1.528

	Reggio Calabria
	89.761
	91.766
	140.972
	173
	2.115

	Roma
	843.579
	867.945
	1.245.493
	888
	22.313

	Salerno
	219.842
	171.817
	285.964
	183
	3.764

	Torino
	439.789
	442.818
	360.284
	487
	8.002

	Trento
	90.339
	90.335
	45.404
	124
	1.520

	Trieste
	128.618
	132.314
	79.780
	156
	1.996

	Venezia
	401.409
	398.727
	383.956
	342
	9.820

	Total
	7.328.739
	7.354.046
	8.454.304
	7.810
	226.649


Data source: Ministero Giustizia, DG Statistica http://webstat.giustizia.it/AreaPubblica/default.aspx,  CSM http://appinter.csm.it/situffgiud/situffgiud.dll/EXEC/1/2424F401F023A4932A65E440
In table 1 we reported a synthesis of the data available for the Italian Districts. 

The number of judges in service comes from CSM (Superior Council of Magistracy) that gives an updated list of the judges in service at the different offices. 
4 Decision tree 

The Italian judicial system is quite complex and has to face an increasing demand of justice according to a jungle of rules and laws that are often unclear and contradictory.

The starting point of our proposal is to measure the ability of the system to face the problem of justice delays, for this reason we constructed an indicator given by the number of new cases divided by the number of resolved cases, multiplied by 100, in each District in 2011:
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The result indicator above described puts together civil, commercial and criminal cases and has a stronger sensitivity with respect to the more popular index given by the sum of new cases and of pending cases from the previous years, divided by the number of solved cases, because it does not consider the history of each district (given by the stock of old cases) but only the capacity of the system to cope with new cases. In fact if the indicator is bigger than 100 the district is able to reduce the number of pending cases. 

The segmentation analysis of the Courts was done using Id as response variable with 100 as cut-off. The classification tree (figure 1) was obtained using CaRT algorithm of SPSS.

Table 2 contains the principal variables in decreasing order of importance.

Table 2 The most important independent variables of the decision tree.
	Independent Variable
	Importance
	Normalized Importance %

	Lawyers enrolled lawyers' pension fund
	0.325
	100,0

	Judges in service
	0.312
	96,0

	New criminal cases
	0.303
	93,2

	Pending criminal cases year 2010
	0.302
	92,8

	Pending civil and commercial cases year 2010
	0.283
	87,0

	Solved civil and commercial cases,
	0.279
	85,7

	New civil and commercial cases year 2010 
	0.279
	85,7

	Solved criminal cases
	0.264
	81,2

	% of judges lacking compared to full staffing
	0.173
	53,2

	.Expenses for eavesdropping, telephone and other
	0.099
	30,4


The first variable is the number of Lawyers enrolled in the Lawyers’ pension fund, followed by the number of Judges in service, the number of new criminal cases and the number of pending criminal cases. 

The number of Lawyers enrolled in the Lawyers’ liability insurance is more important of the number of Lawyers admitted to the BAR, because it does not take into account of the lawyers who do not exercise the profession. This result confirms some other studies that attribute part of the responsibility of the justice delays to the lawyer whose fees do not depend on the results.

The lack of Judges is another well known cause of inefficiency of the judicial sys-tem and can be considered the most important, if we sum its importance to that of the % of judges lacking compared to total staffing planned in the organizational chart.

The number of new criminal cases is only in 3rd position because, as said, we have considered the civil and commercial cases separately from the criminal cases. 

The classification tree (figure 1) has 10 nodes, in 6 levels, with 6 terminal nodes.

The level in the tree measures the importance of a variable in segmenting the population according to the target variable.

The first segmenting variable is the number of pending civil and commercial cases. The 3 appellate courts with less then 36.777 pending cases are not very efficient in reducing the stock of pending cases, this because, in the small offices, we do not have the scale economies that we can have in big appellate courts, where it is possible an higher level of specialization. 

In the other side, the 23 appellate courts with more then 36777 pending cases need to consider the number of judges effective in service to be classified.

Once again the 7 small courts with less then 175 judges have a target indicator higher then 100% confirming that some courts have lower performances owing to their sizes. These results confirm that the efforts to reduce the number of offices that the minister of justice is doing in this months can give good results to reduce the justice delays. 

At the third level of the tree we have the variable: number of lawyers enrolled in the Lawyers’ pension fund. 

As stated before, the inefficiency of justice can be used by lawyers to delay verdicts and to increase the number of cases in a market with strong information asymmetries (where one party has more information than the other). 

The decision tree shows that the 7 Appellate courts with less then 5201 lawyers have a results variable, higher than 100%.

At the fifth level once again we find the variable: number of pending civil and commercial cases, which confirms the importance of civil and commercial cases in the analysis of the justice delays.

The decision tree has outlined what are the main variables that influence the ability of each appellate court to reduce the stock of civil, commercial and criminal cases pending. The results obtained will be very useful in building the stochastic frontier model to measure the inefficiency of each Court respect to the frontier of maximum efficiency.
Figure 1. Decision tree about the ability of Italian appellate courts of reducing the stock of pending cases, year 2011.
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5 The Model
Using the results of the decision tree we started to construct a stochastic frontier model to analyze the efficiency of each appellate court. As we are interested to the entire judicial system we decided to aggregate as many variables as possible to respect the parsimony criteria for statistical models.

After many attempts we estimated a model with the output variable Yj given by the number of resolved civil, commercial and criminal cases, during year 2011 and 2 input variables::

X1i: Number of pending civil, commercial and criminal cases, year 2011

X2i: Number of professional judges sitting in courts, year 2011

We did not considered the other variables available (number of lawyers, expenditure pro capita per judges, etc) because they were not statistically significant.

The Cobb-Douglas production function with one output Yj and 2 inputs X1i  and X2i, assuming a half- normal distribution for Technical Inefficiency, gives the estimates shown in Table 2.

Table 2. Estimates of the parameters and standard errors of the Cobb-Douglas production function (with 2 inputs and 1 output).
	Parameters
	Estimates
	Std.err..

	(0
	3.99
	0.59

	(1
	0.48
	0.19

	(2
	0.47
	0.30

	(2
	0.13
	0.03

	(
	0.98
	0.00


The stochastic frontier function for the ith Court is therefore

qi = 54.05×1.61x1i×1.61x2i + exp(νi − ui) .
The LR test (1.14) indicates the presence of a significant Technical Efficiency.

The technical efficiency coefficients for each District are reported in Table 3 with the national ranking. 

The Appellate Courts of Bologna e Trieste are the most efficient because have reached the frontier. Ancona, Trento and Milano also have very good performances. With the only exception of Lecce in the lower part of table 3 we find only districts of South Italy. This confirms (one time more) that we have a gap from North and South Italy. The last two Districts of Caltanisetta and Reggio Calabria have a technical efficiency lower than 0.5, which means that in these areas, with strong Mafia infiltrations, the quality of the service justice is very poor. 
A further step of our research can be to estimate separate models for civil, commercial and criminal cases, to consider more variables such as the number of lawyers, the cost of the different service, the administrative staff the courts etc…
Table 3. Technical Efficiency and rank of the Italian courts.

	District
	Estimated Technical Efficiency
	Rank

	Bologna
	1.00
	1

	Trieste
	1.00
	2

	Ancona
	0.97
	3

	Trento
	0.97
	4

	Milano
	0.95
	5

	Lecce
	0.94
	6

	Venezia
	0.93
	7

	L'Aquila
	0.92
	8

	Brescia
	0.91
	9

	Torino
	0.90
	10

	Firenze
	0.89
	11

	Genova
	0.80
	12

	Perugia
	0.78
	13

	Napoli
	0.78
	14

	Campobasso
	0.73
	15

	Cagliari
	0.67
	16

	Salerno
	0.63
	17

	Catanzaro
	0.63
	18

	Roma
	0.62
	19

	Bari
	0.60
	20

	Palermo
	0.59
	21

	Catania
	0.58
	22

	Messina
	0.56
	23

	Potenza
	0.55
	24

	Caltanissetta
	0.47
	25

	Reggio Calabria
	0.46
	26
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