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Introduction

Efficiency in hospitals is a theme that has attracted much research in recent decades [START_REF] Dismuke | Has DRG payment influenced the technical Efficiency and Produtivity of Diagnostic Technologies in Portugal Public Hospitals: An Empirical Analysis using parametric and non-parametric methods[END_REF][START_REF] Dismuke | Has DRG payment influenced the technical Efficiency and Produtivity of Diagnostic Technologies in Portugal Public Hospitals: An Empirical Analysis using parametric and non-parametric methods[END_REF][START_REF] Barbeta | Behavioural Differences between Public and Private Non-Profit Hospitals in the Italian Health Service[END_REF][START_REF] Staat | Efficiency of hospital in Germany: a DEA-bootstrap approach[END_REF][START_REF] Steinmann | On the (in)efficiency of Swiss hospitals[END_REF][START_REF] Prior | Technical efficiency and scope economies in hospitals[END_REF][START_REF] Maniadakis | Assessing productivity changes in UK hospital reflecting technology and input price[END_REF][START_REF] Parkin | Measuring production efficiency of acute hospitals in Scotland, 1991-94: validity issues in data envelopment analysis[END_REF]. A review of the literature shows two main approaches: the DEA -data envelopment analysis (Ozcan, Luke and Haksever, 1987;Burgess and Wilson, 1993;[START_REF] Dalmau | Market Structure and Hospital Efficiency: Evaluating Potential Effects of Deregulation in National Health Service[END_REF][START_REF] Siciliani | Estimating technical Efficiency in the Hospital Sector with Panel Data: A Comparison of Parametric and Non-Parametric Techniques[END_REF]; and the [START_REF] Barbeta | Behavioural Differences between Public and Private Non-Profit Hospitals in the Italian Health Service[END_REF][START_REF] Siciliani | Estimating technical Efficiency in the Hospital Sector with Panel Data: A Comparison of Parametric and Non-Parametric Techniques[END_REF][START_REF] Blank | The Decomposition of Cost Efficiency: An Empirical Application of the Shadow Cost Function Model to Dutch General Hospitals[END_REF][START_REF] Greene | Distinguishing between heterogeneity and efficiency: stochastic frontier analysis of the World Health Organisation's panel data on national health care systems[END_REF][START_REF] Rosko | Cost efficiency of US hospitals: a stochastic frontier approach[END_REF].

The aim of the present study goes beyond previous research by adopting the latent frontier model, in line with [START_REF] Orea | Efficiency measurement using a latent class stochastic frontier model[END_REF]. The work's objective is to combine operational and financial variables in the evaluation of hospital efficiency [START_REF] Skinner | What do stochastic frontier cost functions tell us about inefficiencies[END_REF]. The distinctions between these groups of factors -operational and financial -means that merging the two constitutes a technical problem that requires the support of econometric techniques, such as frontier models. The motivation for the present research is based on the fact that hospitals in Portugal can be identified as having either public, private, or mixed status. The aim of this paper is to investigate the statistical factors that characterise the hospitals, clustering the sample in segments enabling us to define specific health policies for identified segments and to monitor each group with adequate targets. This procedure permits a more focused, cost-effective health policy, which can be generalised and applied to samples other than that for Portugal.

The contribution of this paper within hospital research is twofold. First, it adopts an innovative stochastic frontier model, which endogenously identifies segments of hospitals in a sample, overcoming the hypothesis of homogeneity of the variables adopted by the frontier models mentioned earlier. Secondly, it applies the model to Portuguese hospitals. Given that there is rigorous regulation of hospital services, this paper uses an innovative model that may improve our understanding of the best way to regulate the service as a whole [START_REF] Hadley | The role of efficiency measurement in hospital rate setting[END_REF].

The paper is organised as follows: Section 2, explains the method; Section 3 presents the data; Section 4 presents the results; Section 5 discusses the results and makes the concluding remarks. 

Latent Class Frontier Models

In this paper, we adopt the stochastic cost econometric frontier approach (Kumbhakar and Lovell, 2000). The general frontier cost function proposed by [START_REF] Aigner | Formulation and estimation of stochastic frontier production function models[END_REF] and [START_REF] Meeusen | Efficiency estimation from a Cobb-Douglas production function with composed error[END_REF] is the following:
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Where C it represents a scalar cost of the decision-unit i under analysis in the t-th period; X it is a vector of variables including the input prices and the output descriptors present in the cost function; and ε it = u it + v it is the error term. This term may be decomposed into two components:

(i) the error term v it is the one that is traditional of the econometric models, assumed to be independently and identically distributed, that represents the effect of random shocks (noise v it ~N(0, σ v ²)) and is independent of u it ;

(ii) the inefficient term u it represents technical inefficiencies and is assumed to be positive and normally distributed with a zero mean and variance 2 u σ . The positive disturbance u it is reflected in a half-normal independent distribution truncated at zero, signifying that each hospital's cost must lie on or above its cost frontier. This implies that any deviation from the frontier is caused by management factors controlled by the hospitals.

The total variance is defined as
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. The contribution of the error term to the total variation is as follows: Given that the estimation procedures of equation ( 1) yield merely the residual ε, rather than the inefficiency term u, this term in the model must be calculated indirectly [START_REF] Greene | Econometric Analysis[END_REF]. In the case of panel data, such as that used in this paper, [START_REF] Battese | Prediction of Firm-level technical efficiencies with a generalised frontier production function and panel data[END_REF] use the conditional expectation of u it , conditioned on the realised value of the error term ) (
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is the mean productive inefficiency for the i-th hospital at any time "t". Following [START_REF] Orea | Efficiency measurement using a latent class stochastic frontier model[END_REF], we can write equation (1) as a latent class frontier model:
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Where subscript "i" denotes the hospital, "t" indicates time and "j" represents the different classes or groups. The vertical bar signifies that there is a different model for each class "j" and, therefore, each hospital belongs to the same group in all the periods.

Assuming that v is normally distributed and u follows a half-normal distribution, the likelihood function (LF) for each hospital company "i" at time "t" for group "j" is (Cf. [START_REF] Greene | Distinguishing between heterogeneity and efficiency: stochastic frontier analysis of the World Health Organisation's panel data on national health care systems[END_REF]:
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, while φ denotes the standard normal density and Φ the cumulative distribution function. The likelihood function for hospital "i" in group "j" is obtained as the product of the likelihood functions in each period. See [START_REF] Orea | Efficiency measurement using a latent class stochastic frontier model[END_REF] for details. 

Data

The dataset was compiled from the Portuguese Ministry of Health records and from the financial accounts of the hospitals. Our dataset covers the years from 1997 to 2008 and 51 hospitals, i.e., the vast majority of hospitals in Portugal. In order to have hospitals with similar natures and technology, this sample includes all the district hospitals.

Table 1 presents the characteristics of the variables used in the analysis. We transformed the variables according to the description column. We adopted the traditional log-log specification (Translog) to allow for the possible non-linearity of the frontier. We specify a translog variable cost frontier model with capital as a quasi-fixed factor (Caves and Christiensen, 1980;Kaparakis et al., 1994). 

Results

The empirical specification of the cost function is the translog. We have chosen a flexible functional form in order to avoid imposing unnecessary a priori restrictions on the technologies to be estimated. Each explanatory variable is divided by its geometric mean. In this way, the translog can be considered as an approximation to an unknown function and the first-order coefficients can be interpreted as the production elasticities evaluated at the sample geometric mean. We also include both a time trend and a squared time trend in order to obtain some temporal changes [START_REF] Breyer | The specification of a hospital cost function[END_REF]. The equation to be estimated is:
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where VCT is the variable cost of the hospital, Y is the output, W denotes input price, t is a time trend, v is a random error which reflects the statistical noise and is assumed to follow a normal distribution centered at zero, while u reflects inefficiency and is assumed to follow a half-normal distribution. In order to test the number of groups, we used the testing-down procedure proposed by [START_REF] Greene | Fixed and random effects in stochastic frontier models[END_REF], in which beginning from a J* known to be at least as large as the true J, one can test down, given that the J-1 class model is nested with the J class model imposing θ j = θ j-1 , based on likelihood ratio tests, as well as the SBIC and AIC. The model with four groups does not converge, likewise the model with two groups is rejected against the model with three groups according and therefore, we estimate the model with three groups 1 . Moreover, since none of the variables used as separate variables was significant, we decided to adopt the model in which none of the separate variables was included. Following this, the latent class model uses the goodness of fit to create the groups. For comparative purposes, a nonrandom frontier model is estimated, together with a traditional production function. The variables have the expected signs, since all price elasticities are positive. Moreover, instead of imposing homogeneity on prices, we have tested for it and accept that all segments have homogeneity in prices. It can be seen that the group with the highest labour elasticity is the first. The costs increase with the trend, but at a decreasing rate for all groups. Another interesting outcome is that the estimated coefficients of the standard stochastic frontier are, in general, between the minimum and the maximum of the latent class model coefficients. This result suggests that to some extent, the standard stochastic frontier estimates an average of the latent class model technologies.

Efficiency Groups

First we present the groups formed by the latent class model using the posterior probabilities of class membership in Table 3. We observe that the most efficient hospitals appear in the first group. The second group consists of hospitals with an average level of efficiency. Finally, the third group comprises hospitals with the lowest levels of efficiency.

Finally, Table 4 shows the average cost efficiency for each hospital in the period. The cost efficiency is defined as the ratio between the minimum cost and the actual cost and takes values between 0 and 1. According to this definition, the closer to 1 is the efficiency measure, the more efficient must the hospital be considered. Given that the dependent variable is expressed in logarithms, it was calculated as:
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where the estimated value of the inefficiency ( u ˆ) is separated from the random error term ( v ˆ) using the Jondrow et al. (1982) formula. Concerning the comparison between the standard stochastic frontier and the latent class model efficiencies, it is worth indicating that the rankings are preserved and the latent frontier displays greater cost efficiency for all hospitals. The average difference is 0.036, which is rather significant. Likewise, the differences are not consistent for all hospitals, implying that the latent class model efficiencies are not merely a constant added to the standard stochastic frontier model.

Discussion and Conclusion

The interpretation of the obtained results is as follows. First, they allow us to conclude that latent frontier models describe the Portuguese hospitals well, when allowing for heterogeneity and defining segments in the sample. This is possibly the most significant finding of the present paper. The implication of this result is that a common government policy would be inappropriate for all hospitals, since the three segments identified point to the existence of heterogeneity. Therefore, any health policy which involves some of these heterogeneous variables should be tailored according to the segments. Second, our analysis has led us to identify three segments. However, this does not mean that there are only three segments to be found in the Portuguese hospital network [START_REF] Dismuke | Has DRG payment influenced the technical Efficiency and Produtivity of Diagnostic Technologies in Portugal Public Hospitals: An Empirical Analysis using parametric and non-parametric methods[END_REF]. Rather, it signifies that given the small number of observations available, the model cannot distinguish more segments. picture that emerges with traditional homogenous frontier models [START_REF] Barros | Na analysis of hospital efficiency and productivity growth using the Luenberger indicator[END_REF].

These hospitals are characterised by the outputs and inputs increasing the costs, which have a positive relationship with RAA and a negative relationship with SA, DivK and quality, signifying that these variables decrease costs. However, DivK is not statistically significant. The results for the first segment are intuitive and in accordance with the economic theory (Cf. [START_REF] Varian | The economics of organization: The transaction costs approach[END_REF].

In the second segment, the hospitals' costs have the same relationship with outputs, inputs and input prices. Moreover, the dummy variables have the same relationship with costs that was observed in the first segment, with the exception of quality, which is now positive. These are hospitals that have adopted the quality standards, but do not maintain them. The third segment is distinct from the other two, based on the negative sign of DivK, i.e., hospitals serving more than one county, which is now positive and statistically significant.

What is the overall rationale for these results? They are in fact quite intuitive, since hospitals are not homogenous. For instance, there are small and large hospitals in the sample. These tangible characteristics result in different performance levels, dissimilar flux and discrepancies in their financial debts, which account for the different segments in the sample. In the case of the Portuguese hospitals, there are three different segments that can be distinguished on the grounds of the values and signs of the exogenous variables.

With regard to the implications of the results, first, there is evidence that private hospitals (SA) are more efficient than public hospitals, since SA characteristics decrease costs. This outcome is based on the negative sign of the attributes of private hospitals.

This result is also supported in previous research in this field, with alternative models.

This result serves as a cross-validation of previous results in this field. Second, the sign of credit hospitals in all segments (quality) is negative in the first segment, but positive in the other two. Therefore, we conclude that credit hospitals, motivated by the quest for quality, perform efficiently (Williamson, 1979[START_REF] Williamson | The Economic Institutions of Capitalism: Firms, Markets and Vertical Contracting[END_REF].

However, those hospitals that do not maintain the quality procedures resort to using them as a device to conceal bad managerial practices.

Third, based on the sign of the variable DivK in all segments, hospitals serving more than one county perform efficiently, while seeking enhanced performance [START_REF] Caves | From entry barriers to mobility barriers: Conjectural decisions and contrived deterrence to new competition[END_REF].

Finally, given the sign of the variable RAA in all segments, the mainland hospitals seeking profits perform efficiently [START_REF] Barney | Firm resources and sustained competitive advantage[END_REF][START_REF] Rumelt | How much does industry matter?[END_REF].

Hence, it can be concluded that, in this context, private hospitals are more efficient than public hospitals. This is supported by the theory of transaction costs and property rights [START_REF] Klein | Vertical Integration, Appropriable Rents, and the Competitive Contracting Process[END_REF]Williamson, 1979[START_REF] Williamson | The Economic Institutions of Capitalism: Firms, Markets and Vertical Contracting[END_REF], signifying that Portuguese hospitals allocate dedicated asset-specificity [START_REF] Williamson | The Economic Institutions of Capitalism: Firms, Markets and Vertical Contracting[END_REF] according to the population density.

Therefore, assuming the asset-specificity strategy, hospitals managed by whichever contracts are assumed to be efficient, displaying unique specific management assets, are seen as exhibiting inherently differentiated levels of efficiency and sustainable production, which are ultimately a return on the unique assets owned and controlled by the hospitals [START_REF] Teece | Dynamic capabilities and strategic management[END_REF]. The property resource is the main factor segmenting the sample. In addition, the strategic-groups theory [START_REF] Caves | From entry barriers to mobility barriers: Conjectural decisions and contrived deterrence to new competition[END_REF], which justifies different efficiency scores on the grounds of differences in the structural characteristics of units within an industry or sector, could partially explain the differences observed in the efficiency of Portuguese hospitals. All these dynamics are rights [START_REF] Klein | Vertical Integration, Appropriable Rents, and the Competitive Contracting Process[END_REF]Williamson, 1979[START_REF] Williamson | The Economic Institutions of Capitalism: Firms, Markets and Vertical Contracting[END_REF]. 

  indication of the relative contribution of u and v to ε = u + v.

  clear allocative contract that minimises transaction costs and property

Table 1 : Descriptive Statistics of the Data 1997-2008

 1 

	Variable	Description	Minimum	Maximum	Mean	Standard
						deviation
	logVCT	Log of variable cost at constant price	15.714	19.342	18.132	0.712
		2002				
			1	12	6.5	3.293
	Trend	Trend variable				
			7.745	10.538	9.342	0.574
	LogY1	Output measured by number of				
		discharged patients				
			1.410	2.895	2.152	0.195
	LogY2	Intermediate input measured by the				
		length of stay in hospital				
			9.507	12.557	11.052	0.639
	LogY3	Output variable measured by the log				
		of external consultations				
	logY4	Output variable measured by log of	-2.302	12.290	11.052	1.840
		emergency visits				
	Log Mix	Intermediate input measured by the	-0.289	0.335	0.006	0.090
		mix of specialist services				
	Log K	Capital proxied by the number of	-0.157	0.059	-0.052	0.072
		beds				
	Log W1	Price of labour measured by the ratio	8.579	10.410	10.017	0.188
		of wages by the number of				
		employees				
	Log W2	Price of other factors proxied by the	4.189	6.493	5.537	0.568
		regional price index				
	RAA	Dummy variable equal to one for	0	1	0.125	0.33112

Table 2 : Latent Translog Panel Production Frontier (dependent variable: log VCT)

 2 The program used to estimate the model was Limdep 9.0.

	Variables	Standard SF.	Latent class 1	Latent class 2 Latent class 2
		Coefficients	Coefficients	Coefficients	Coefficients
		(t-ratio)	(t-ratio)	(t-ratio)	(t-ratio)
	Constant	-2.123	-2.132	-1.321	-1.129
		(-1.321)*	(-2.999)***	(3.219)***	(-2.932)***
	Trend	0.901 (3.212)*	0.115 (3.138)***	0.109 (3.893)***	0.112 (3.892)***
		0.731	1.544	0.125	0.217
	LogY1	(2.423)**	(2.324)**	(3.512)***	(4.124)***
		0.128*	1.718	0.727	0.529
	LogY2	(1.027)	(2.453)**	(4.329)***	(3.128)***
		0.425	0.812	0.216	0.135
	LogY3	(3.123)***	(3.318)***	(3.124)***	(3.137)***
	logY4	0.065	0.071	0.231	0.531
		(0.043)	(3.219)***	(3.018)***	(3.218)***
	Log Mix	-0.038	-1.802	-0.128	-0.381
		(-0.071)	(-2.045)**	(-3.162)***	(-4.117)***
	Log K	0.171	1.075	1.012	0.923
		(0.183)	(2.173)**	(3.421)***	(3.219)***
	logW1	0.042	0.827	0.129	0.327
		(0.152)	(3.189)***	(4.129)***	(4.215)***
	Log W2	0.045	0.319	0.271	0.283
		(0.071)	(3.132)***	(4.219)***	(3.419)***
	Trend 2	-0.181 (-0.038)	-0.563 (-2.532)**	-0.215 (-4.219)***	-0.215 (-3.128)***
	1/2Log(Y1) 2	0.017 (3.002)***	1.272 (2.201)**	0.579 (2.626)**	0.832 (2.835)**
		0.731	0.153	1.076	0.534
	1/2Log(Y2) 2	(2.590)**	(0.945)	(3.229)***	(1.674)*
		0.131	0.082	0.021	0.032
	1/2Log(Y3) 2	(4.218)***	(0.820)	(4.126)***	(2.784)**
	1/2Log(Y4) 2	0.189	0.185	0.257	0.217
		(4.324)***	(3.568)***	(3.783)***	(3.219)***

1

(t-statistics) in parentheses are below the parameters. * = significance at 10%, ** = 5%, and *** = 1%.

Table 3 : Group Composition

 3 

		Group 1	Group 2	Group 3
	1	CH Torres Vedras	H Santa Maria da Feira	H Infante D. Pedro -Aveiro
	2	H Divino Espirito Santo	H Sao Bernardo -Setubal	H Dr. Francisco Zagalo -Ovar
	3	H Mirandela	H Faro	CH Coimbra
	4	CH Alto Minho	CH P. Varzim V. Conde	H Garcia de Orta -Almada
	5	H Sousa Martins -Guarda	CH Vila Nova de Gaia	H Montijo
	6	CH Caldas da Rainha	H Santa Luzia -Elvas	H Chaves
	7	H Santo Tirso	H Espirito Santo -Evora	H Egas Moniz
	8	CH Cascais	H Curry Cabral	H Santo Espirito de Angra do Heroismo
	9	CH Barlavento Algarvio	H S. Francisco Xavier	H Pulido Valente
	10	H Braga	CH Cova da Beira	H Horta
	11	H Padre Americo -Vale do Sousa	H Lamego	H Sao Teotonio -Viseu
	12	H Reinaldo dos Santos -Vila Franca de Xira H Sao Joao da Madeira	H Santa Maria Maior de Barcelos
	13	H Sao Miguel -Oliveira de Azemeis	H Jose Maria Grande -Portalegre	CH Medio Tejo
	14	H Braganca	H Sao Joao de Deus -Famalicao	H Agueda
	15	CH Baixo Alentejo	H Sao Goncalo -Amarante	H Santarem
	16	H Figueira da Foz	H Amato Lusitano -Castelo Branco	H Senhora da Oliveira -Guimaraes
	17	H Santo Andre -Leiria	H Nossa Senhora do Rosario -Barreiro CH Vila Real Peso da Regua
	Observations	204	204	204

Table 4 : Average Cost Efficiency in the Period

 4 The hospitals with the lowest cost efficiencies are CH Vila Real Peso da Regua and H Senhora da Oliveira -Guimarães. It should be emphasised that these two hospitals are located in small towns in the north of mainland Portugal. The highest cost-efficiency

	Nobs		Standard SF Latent Class	
		Hospitals		Model	Difference
	1	CH Vila Real Peso da Regua	0.56	0.66	0.10
	2	H Senhora da Oliveira -Guimaraes	0.55	0.67	0.12
	3	H Santarem	0.62	0.68	0.06
	4	H Agueda	0.58	0.69	0.11
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