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Abstract

Decision support systems are appropriate tools for guiding policymaking processes, espe-

cially in mental health (MH), where care provision should be delivered in a balanced and

integrated way. This study aims to develop an analytical process for (i) assessing the perfor-

mance of an MH ecosystem and (ii) identifying benchmark and target-for-improvement

catchment areas. MH provision (inpatient, day and outpatient types of care) was analysed in

the Mental Health Network of Gipuzkoa (Osakidetza, Basque Country, Spain) using a deci-

sion support system that integrated data envelopment analysis, Monte Carlo simulation and

artificial intelligence. The unit of analysis was the 13 catchment areas defined by a reference

MH centre. MH ecosystem performance was assessed by the following indicators: relative

technical efficiency, stability and entropy to guide organizational interventions. Globally, the

MH system of Gipuzkoa showed high efficiency scores in each main type of care (inpatient,

day and outpatient), but it can be considered unstable (small changes can have relevant

impacts on MH provision and performance). Both benchmark and target-for-improvement

areas were identified and described. This article provides a guide for evidence-informed

decision-making and policy design to improve the continuity of MH care after inpatient dis-

charges. The findings show that it is crucial to design interventions and strategies (i) consid-

ering the characteristics of the area to be improved and (ii) assessing the potential impact

on the performance of the global MH care ecosystem. For performance improvement, it is

recommended to reduce admissions and readmissions for inpatient care, increase work-

force capacity and utilization of day care services and increase the availability of outpatient

care services.
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Introduction

The shift of care provision from institutions to the community started around the 1950s and

culminated with the development of the extended balance of care model [1,2]. However,

despite great efforts [3], the shift of resources from institutions to the community is a dynamic

and complex goal and not a reality worldwide. Currently, in Europe, (i) more than one million

persons are institutionalized, (ii) the number of persons living in institutions has not decreased

over the last ten years, (iii) people stay longer in institutions because of the lack of placement

capacity in community services and (iv) persons with disabilities and complex mental health

(MH) needs live in institutions instead of the community [4].

In 2002, Thornicroft and Tansella developed the basic model of balanced MH care provi-

sion [5]. They identified primary care services and outpatient care services, including mobile

and nonmobile services; day care services, such as vocational and rehabilitation services; links

with other types of services, such as social services or nongovernmental organizations; and

acute inpatient care services and long-term residential care services. The balance is aimed at

optimizing care provision by providing as much community care as possible and as little hos-

pital care as possible. Nevertheless, community care cannot work alone, and changes should

be gradual and incremental, considering that there will always be a need for a minimum num-

ber of beds in hospitals [6]. In 2013, the same authors developed a new version called the bal-

anced MH care model, which defined the main types of MH care that countries should deliver

according to their income level [7]. According to this model, MH ecosystems should include

different combinations of primary care services, general MH services and specialized MH ser-

vices (e.g., outpatient care clinics, community MH teams, early intervention teams). Among

the new types of services, the authors highlighted day care services [8], assertive community

treatment [9], early intervention in psychosis [10], crisis resolution teams [11,12] and sup-

ported accommodation services [13] to provide specialized MH care in the community meet-

ing users’ needs while trying to promote autonomy and independence among people suffering

from mental disorders.

From a health ecosystem perspective [14], the balance of care model should be considered

an intrinsically system-based approach. Therefore, it does not intend to achieve symmetry

between hospital and community services or to compare evidence of one service against the

other. In contrast, it aims to find an optimal balance for improving care efficiency that should

be quantified at every level: micro (individual services), meso (health districts) and macro

(regions or countries) [6]. As proposed by Rosen et al. [6], we should “move from a binary

“seesaw” representation of the balance of care to a multidimensional model like Alexander

Calder’s mobiles”.

Currently, planning MH care requires improved management methods to integrate differ-

ent types of care and guarantee appropriate care provision. Recently, Bouras, Ikkos and Craig

[15,16] developed the meta-community MH care model, which proposed a theoretical frame-

work including the lessons learned from deinstitutionalization and new insights such as pri-

mary care relevance, the necessity of accessible, accessible and coordinated MH services and

finally, the participation of users to reduce stigma.

Decision support systems (DSSs) are useful computer-based tools for guiding decision-

making processes, particularly in complex ecosystems such as MH care provision research and

planning [17]. Two recent reviews show that these tools have been widely used over the years

to support clinicians’ decision-making [18,19]. Their use in MH care has been lower than in

other areas of medicine. This use has included policy design [20,21], mood assessment [22] or

risk evaluation of violent reoffending [23]. DSSs integrate statistical and operational tech-

niques, and previous works [21,24] have shown the utility of indicators such as relative
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technical efficiency (RTE), statistical stability and entropy to analyse MH services and ecosys-

tem performance [25,26]. In health care, RTE has been frequently assessed over the years [27],

but its use for the performance assessment of MH services has been scarcer [28]. One of the

most useful applications of DSSs for MH provision management is identifying both bench-

mark and target-for-improvement decision units. The former can offer ideas about best mana-

gerial practices, and by comparison, decision-makers could identify improvement areas for

the latter. Nevertheless, to assess the indicators, DSSs must integrate formalized expert knowl-

edge from the mentioned MH care models as a guide for analysis [29].

This paper aims to develop an analytical process for (i) assessing the performance of a

regional MH ecosystem (the Mental Health Network of Gipuzkoa, Basque Country, Spain)

structured in reference catchment areas (decision-making units) that provide inpatient acute

care, core health day care and outpatient care and (ii) identifying benchmark and target-for-

improvement catchment areas. Selecting and assessing key variables must be modified to

improve MH care performance. These variables and their potential modifications can be used

to design potential organizational interventions and policies. According to this, the paper is

organised in the following sections: (i) Methods, to firstly describe the real system structure

and the available dataset (variables) and secondly to set the basic indicator definitions and

briefly analyse the usability of the DSS in supporting the analysis of real interventions and poli-

cies, (ii) Results, analysing the MH system performance (relative technical efficiency, stability

and entropy) and identifying potential interventions on “target for improvement areas” con-

sidering the structure of “benchmarking” ones and, finally, (iii) this paper ends with the dis-

cussion and conclusion sections.

Methods

This study is a demonstration study of the usability of a novel DSS for guiding evidence-

informed regional planning in MH care. It adopts the perspective of a public agency (Mental

Health Network of Gipuzkoa, Basque Country, Spain).

MH services were classified using the DESDE-LTC codification system [30] into three

main types of care: residential, core health day and outpatient care. The use of this classifica-

tion prevents service non-commensurability and terminological diversity biases and thus facil-

itates comparisons across territories and countries [31]. In the Gipuzkoa MH ecosystem, non-

acute hospital care is assumed to be core health day and outpatient care.

Study area and data

Basque Country is an Autonomous Community in Spain that has complete control over its

health care provision. The Mental Health Network of Gipuzkoa (one of the three historical ter-

ritories of the Autonomous Community) manages its community and rehabilitation MH ser-

vices (ffi774,700 residents). These services include outpatient and core health day care facilities

closely related to both hospital services (inpatient) and the social care network for severe cases.

The Mental Health Network of Gipuzkoa is divided into 13 catchment areas, all of which have

a mental health centre, considered as a reference, with a distinct orientation to outpatient care

(some of them also include core health day care facilities).

Each catchment area was described by 25 variables: service availability, placement capacity

and workforce capacity. Most variable values were expressed in rates per 100,000 inhabitants

(adults, over 18 years old). Utilization and performance variables were selected to collect infor-

mation about service use, treated prevalence and incidence. Hospital discharges and readmis-

sions were obtained from the 2015 MH utilization database (Health care Dashboard, Mental

Health Network of Gipuzkoa). The structural variables (resource availability) were considered
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the input set, and utilization and performance variables (outcome proxies) were considered

the output set (Table 1).

To describe MH provision from the main care perspectives, selected variables were com-

bined in three scenarios: acute hospital care, core health day care and non-acute outpatient

care. Following this strategy, the results from the DSS offered a set of three performance scores

for each catchment area. Following this analytical strategy, this study focuses its attention on

basic MH care services excluding social, education, and other non-care services.

The inputs for the inpatient acute hospital care scenario were the number of available ser-

vices (rate per 100,000 inhabitants), number of beds (rate), number of psychiatrists (rate),

number of psychologists and nurses (rate) and total number of professionals (rate), and the

outputs were discharges (number of users), readmissions (number of users) and average length

of stay (days). For the acute and non-acute core health day care scenario, the inputs were the

number of available services (rate), number of psychiatrists (rate), number of psychologists

and nurses (rate), total number of professionals (rate) and placement capacity (rate), and the

outputs were the utilization of acute core health day care health services (number of places)

and utilization of non-acute day care core health services (number of places). Finally, for the

non-acute outpatient care scenario, the inputs were the number of available services (rate),

number of psychiatrists (rate), number of psychologists (rate), number of nurses (rate) and

total number of professionals (rate), and the outputs were the incidence (number of users),

prevalence (number of users) and contacts (number of users) (Table 1). Data set is available at

the Dryad digital repository (https://datadryad.org/stash/share/

cFD5jA5F3odtAhZqUARiPBTo_yj8lKvQ9GWAGrauPnE) and processed datasets that feed

the DSS are available upon request.

All of the catchment areas have their own MH centre (all of them have one outpatient care

facility with specific characteristics), but acute inpatient care (one hospital physically located

in Donostia: areas 2, 6 and 9) and core health day care (areas 1, 2, 5–11 and 13) facilities have

wider influence areas (they are specifically located in selected catchment areas and users must

go there when needed) to provide MH care to the whole ecosystem. For these two main MH

types (inpatient scenario S1 and core health day care scenario S2), input and output scores

were calculated proportionally according to (i) the catchment area population, (ii) the area of

influence of the corresponding facilities and (iii) the geographical distance.

Indicator definitions

The methodology developed in this paper combined qualitative and quantitative processes for

assessing ecosystem performance (from three perspectives) and the proposed and potential

Table 1. Scenarios and variables identified by experts (DESDE-LTC codes are also included).

Scenarios Inputs Outputs

S1: Acute hospital care scenario

(code: R2)

1. Availability

2. Beds

3. Workforce capacity (psychiatrists, nurses, psychologists and

total number of professionals)

1.

Readmissions

2. Length of

stay

3. Discharges

S2: Core health day care (codes:

D1 and D4.1)

1. Availability

2. Placement capacity

3. Workforce capacity (psychiatrists, nurses, psychologists and

total number of professionals)

1. Utilization

S3: Outpatient care (codes:

O8-O10)

1. Availability

2. Workforce capacity (psychiatrists, nurses, psychologists and

total number of professionals)

1. Prevalence

2. Incidence

3. Contacts

https://doi.org/10.1371/journal.pone.0265669.t001
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interventions [32]. The DSS was used to evaluate the situation of acute hospital care (S1), core

health day care (S2) and outpatient care (S3). This tool included three composite ecosystem

indicators: RTE (operational), stability (statistical) and entropy (statistical) (Table 2).

Regarding the ecosystem performance indicators for analysing a MH system, the RTE

assesses the relationship between the inputs consumed and the outputs produced for a set of

comparable decision-making units (DMUs, catchment area in this paper) [33]. A DMU is effi-

cient when RTE is 1 and completely inefficient when it is 0. In this paper, input-oriented data

envelopment analysis (DEA) with variable returns to scale was used to assess RTE [34]. This

technique tries to minimize the number of inputs by maintaining a constant current number

of outputs. If this situation is feasible, the DMU is not efficient (RTE less than 1). In contrast,

the DMU is weakly efficient or efficient when the RTE is 1 (for a weakly efficient DMU, the

sum of the slacks is not zero). A Monte Carlo simulation engine was integrated in the DSS to

incorporate randomness in RTE assessment (500 simulations were carried out for each sce-

nario). The resulting RTE scores can be statistically analysed to determine the basic RTE scores

in terms of probability, stability and entropy.

Stability assesses the potential impact of variable value changes on the RTE over a [0, 100]

range [21]. The stability score is 0% where the DMU and/or the whole ecosystem is completely

unstable. This score implies that small changes in variable values produce very large changes

in ETR scores, and these changes can be positive or negative. In contrast, they are completely

stable when (stability equal to 100%) changes in variable values cannot significantly modify

RTE scores. If stability is low, the performance of the MH ecosystem can react in an unpredict-

able way when an intervention is implemented. Therefore, decision-makers usually seek to

increase both DMU and ecosystem stabilities.

The ecosystem management style was assessed by Shannon’s entropy over a [0, 100] range

[35]. Its management is completely homogeneous when the entropy score is 0% on its maxi-

mum feasible value, meaning that all the catchment areas are managed identically (all the eco-

system DMUs show a similar structure and managerial procedures, usually following a specific

Table 2. Glossary of key terms and indicators for assessing ecosystem performance.

Key terms Definitions

Organizational interventions Structural Specific action whose main impact is on the structure of MH care provision (e.g., open a new

outpatient facility).

Administrative Specific action based on modifying the administrative structure of MH care provision (e.g.,

modify the size of a catchment area).

Procedural Specific action that modifies a procedure or a process (e.g., to modify a pathway or care).

Systems Performance Indicators Relative Technical

Efficiency (RTE)

Indicator that assesses the relationship among the inputs used and outputs produced by

combining them in a group of comparable decision-making units. It can be input or output

oriented. Data Envelopment Analysis (DEA) is a set of robust techniques for assessing RTE.

Stability Indicator that assesses the potential impact of variable value changes on, for example, the RTE.

High values of stability indicate that changes in variable values do not significantly affect the

results (e.g., the ecosystem performance). Low stability scores indicate that small changes in

variable values can have a great impact (positive or negative) on the results.

Entropy Indicator that assesses the level of ecosystem heterogeneity or disorganization. High entropy

scores indicate that the ecosystem is highly disorganized or has many tailormade strategies

(heterogeneous management).

Clusters (branches) of Main Types of

Care (DESDE-LTC)

Residential Acute care, 24 h physician cover, e.g., units in general hospitals and psychiatric hospitals.

Non-acute care, 24 h physician cover, e.g., rehabilitation units and nursing homes.

Core Health Day Care Acute, e.g., day hospitals.

Non-acute, non-work structured, health-related care, e.g., day care centres.

Outpatient Non-Acute

Care

Non-acute, health-related care, e.g., community mental health teams and outpatient psychiatric

clinics.

https://doi.org/10.1371/journal.pone.0265669.t002
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policy). The management style is completely heterogeneous when the entropy score is 100%,

which means that each area has its own tailormade management procedures.

Entropy is also associated with the variability assessment of the variable values for each

DMU. In this paper, the Monte Carlo simulation engine has exhibits variability under control.

High levels of DMU entropy make the systems extremely responsive to environmental

changes.

Potential usability of the DSS in real complex systems

DSSs systems are considered appropriate tools for guiding operational (basically resource allo-

cation and use) evidence-informed planning and management. DSSs allow decision makers

and policy makers to increase their knowledge about how the organization of the ecosystem

(divided in comparable organizational units) manages scarce resources in order to produce

mensurable and positive results, in the end: the ecosystem performance. Commonly, decisions

and policymaking are based on the manager’s experience, external opinions, historical facts,

etc., and they need new evidence-based tools for increasing their knowledge when organiza-

tional interventions or policies must be assessed in advance. The DSS proposed in this paper

allows them to have an objective assessment about the ecosystem performance including rela-

tive technical efficiency, stability and entropy, everything from different points of view. In

addition, this computer-based tool can identify new improvement strategies once the proposed

changes had been potentially taken in the real ecosystem, aiming at improving MH care

provision.

Results

Relative technical efficiency: Resource management in the selected

scenarios

All analysed MH areas have a high RTE (RTE on average, Table 3). This finding is especially

relevant in the acute hospital (S1) and outpatient care (S3) scenarios and highlights the influ-

ence of low structural nuances in the management of MH care provision. The core health day

care (S2) scenario shows more relevant differences and has a low RTE (Table 3). Here, it must

be considered that some core health day care facilities are integrated in their respective MH

centres (specialized in outpatient care, S3), as happens in areas 8 and 10. This characteristic

makes the precise identification of core health day care inputs and outputs difficult.

In the acute hospital care (S1) scenario, areas 1, 3, 9 and 13 achieved the highest RTE. They

have the best input/output balance in the ecosystem, and they are the benchmarks. In contrast,

areas 7 and 12 had the lowest RTE scores (Table 3), and therefore, they could be considered a

priority for planning (target-for-improvement areas).

The core health day care (S2) scenario included both acute and non-acute health-related

day care. Here, area number 11 achieved the best RTE (Table 3). Additionally, areas 3, 4 and

13 also achieved high RTE scores. In this scenario, areas 11 and 13 could be selected as the

benchmarks. Areas 1, 7, 8 and 10 showed the lowest performance and are the target-for-

improvement areas (Table 1). In the last two areas, 8 and 10, day care facilities are integrated

into MH centres. As stated before, here, the availability and utilization of the corresponding

services could be slightly underestimated because of the method selected for calculating their

input and output scores (see the Study area and data section).

The outpatient care (S3) scenario included both non-acute and non-mobile care. In this

case, areas 3, 4 and 5 achieved the best RTE (they are the benchmarks), while areas 1 and 2

showed the lowest performance and are thus target-for-improvement areas (Table 3).
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Table 3. Relative technical efficiency on average, RTE error on average and the probability of having an RTE greater than 0.75. Darker shading indicates worse

scores.

Area Indicator Acute hospital care scenario Day care scenario Outpatient care scenario

1 RTE(1) 0.940 0.450 0.490

P(RTE>0.75) 1.000 0.000 0.000

Error (ε)(2) 1.000 1.000 1.000

2 RTE(1) 0.900 0.580 0.520

P(RTE>0.75) 1.000 0.000 0.000

Error (ε)(2) 0.490 0.240 1.910

3 RTE(1) 0.960 0.900 0.940

P(RTE>0.75) 1.000 1.000 0.996

Error (ε)(2) 0.480 0.850 0.430

4 RTE(1) 0.910 0.900 0.940

P(RTE>0.75) 0.998 1.000 1.000

Error (ε)(2) 0.170 0.350 0.530

5 RTE(1) 0.900 0.500 0.960

P(RTE>0.75) 1.000 0.000 1.000

Error (ε)(2) 0.300 0.070 0.460

6 RTE(1) 0.880 0.510 0.720

P(RTE>0.75) 0.998 0.000 0.436

Error (ε)(2) 0.520 0.090 0.980

7 RTE(1) 0.290 0.430 0.920

P(RTE>0.75) 0.000 0.000 1.000

Error (ε)(2) 1.160 0.270 0.440

8 RTE(1) 0.780 0.410 0.750

P(RTE>0.75) 0.782 0.000 0.550

Error (ε)(2) 0.720 0.160 1.120

9 RTE(1) 0.960 0.520 0.690

P(RTE>0.75) 1.000 0.000 0.162

Error (ε)(2) 0.720 0.160 1.120

10 RTE(1) 0.840 0.430 0.910

P(RTE>0.75) 0.904 0.000 0.910

Error (ε)(2) 1.440 0.190 0.750

11 RTE(1) 0.870 1.000 0.910

P(RTE>0.75) 0.994 1.000 0.998

Error (ε)(2) 0.840 0.000 0.730

12 RTE(1) 0.570 0.710 0.810

P(RTE>0.75) 0.006 0.034 0.778

Error (ε)(2) 1.150 0.440 1.160

13 RTE(1) 0.940 0.900 0.910

P(RTE>0.75) 1.000 1.000 1.000

Error (ε)(2) 0.390 0.390 0.740

1 The maximum RTE on average is 1, and the minimum is 0.

2 ε ¼ ðε� 100Þ=RTE, the error on average (ε) is a percentage (%) of RTE. To achieve good accuracy, ε < 2:5%:

https://doi.org/10.1371/journal.pone.0265669.t003
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When RTE was analysed, only areas 3 and 13 appeared as the best for the two main types of

care and were very good in the third type (they can be considered global benchmarks in the

ecosystem). Any area can be considered worst for the three types of care, as there was no global

target-for-improvement area.

For acute hospital care (S1), areas 4 and 9 showed the lowest RTE errors on average (ε)

(simulation results are more accurate), while areas 7, 10 and 12 had the highest ones (simula-

tion results are more dispersed) (Table 3). For core health day care (S2), areas 1, 5, 6 and 11

had the lowest ε, while area 3 achieved the highest value. Finally, for outpatient care (S3), areas

3, 4, 5 and 7 were the best (lowest ε), whereas areas 2, 8, 9 and 12 were the worst. None of the

ε � 2:5%; therefore, from a statistical perspective, the simulation results can be considered

appropriate.

Areas 1, 2, 3, 5, 9 and 13 showed the best probability of having an RTE greater than 0.75, P
(RTE>0.75), in acute hospital care (S1), while areas 7 and 12 had the worst probability

(Table 3). For core health day care (S2), areas 3, 4, 11 and 13 reached the highest P(RTE>0.75),

while areas 1, 2, 5, 6, 7, 8, 9 and 10 showed the lowest P (zero). Finally, for outpatient care (S3),

areas 4, 5, 7 and 13 were the best, whereas areas 1 and 2 were the worst.

The stability of the MH system in Gipuzkoa

The Mental Health System of Gipuzkoa is likely unstable. For acute hospital care (S1), areas 1,

6, 8 and 9 were the most stable, while areas 7 and 12 were the most unstable (Table 4). For core

health day care (S2), areas 2, 9, and 11 could be considered the most stable areas. In contrast,

the area 5 was likely unstable. Finally, areas 3 and 4 were likely stable for outpatient care (S3),

but areas 6 and 8 were very unstable.

The entropy of the MH system in Gipuzkoa

For acute hospital care (S1), areas 3, 7, 8 and 9 showed the least entropy, while areas 2, 4, 5, 10,

11 and 12 had the most entropy (Table 5). Core health day care (S2) presented the lowest

entropy values in areas 1, 2, 6, 7, 9, 10 and 11, while areas 3, 4 and 13 showed the highest

Table 4. Stability results. White indicates the best scores, and dark grey indicates the worst scores. Darker shading

means lower stability.

Stability (1) Acute hospital care scenario Core health day care scenario Outpatient care scenario

Area 1 68.93 68.49 60.97

Area 2 59.12 75.95 49.95

Area 3 61.06 69.04 64.27

Area 4 56.85 70.27 69.97

Area 5 58.91 54.85 63.79

Area 6 64.8 71.28 30.74

Area 7 42.33 69.05 62.13

Area 8 63.35 64.94 32.94

Area 9 72.04 73.81 52.61

Area 10 52.83 69.05 60.66

Area 11 56.71 96.52 56.17

Area 12 42.97 64.38 54.33

Area 13 58.36 70.49 60.11

(1) The stability is assessed as a percentage (%), the maximum stability is 100% (the ecosystem is completely stable),

and the minimum is 0% (the ecosystem is completely unstable).

https://doi.org/10.1371/journal.pone.0265669.t004
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entropy values. Finally, for outpatient care (S3), areas 1 and 5 had the lowest entropy values,

whereas areas 6 and 8 had the highest entropy values.

The performance of the MH system: Summarizing all the indicators to

identify benchmarks and targets for improvement in order to advance

tailor-made potential interventions

For acute hospital care (S1), area 9 showed the best global performance (it is the benchmark),

with a high RTE with a low error and a high P(RTE>0.75) and stability, and relatively low data

variability (Tables 1 to 3). In this scenario, area 1, on a second level, and areas 3 and 13, on a

third level, can also be considered potential benchmarks. In the former, this area has a high

RTE (ε was not very low), P(RTE>0.75) and stability. In the latter, both areas have a high RTE
(but the ε was not very low) and P(RTE>0.75), but they are likely unstable (Tables 1 to 3).

Area 11 is the benchmark for core health day care (S2) for the same reasons as area 9 was

the benchmark in the previous study (Tables 1 to 3). Area 13 can also be considered a potential

benchmark for its high RTE (ε was not very low) and P(RTE>0.75), but its data variability is

not very good.

For outpatient care (S3), area 4 is the global benchmark because it has the same characteris-

tics as areas 9 (acute hospital care) and 11 (core health day care), but its data variability is likely

high (Tables 1 to 3). On a second level, area 3 can be considered a potential benchmark

because it has high RTE (ε was low) and stability, its P(RTE>0.75) score is intermediate, and

its data variability is likely high. On the third level, area 5 can also be a potential benchmark

because of its high RTE (ε was low) and P(RTE>0.75), but it is likely unstable, and its data var-

iability is high.

MH provision (availability, beds and professional rates) in area 7 (target-for-improvement

area) in acute hospital care can be considered scarce in comparison to the benchmarks, except

for area 1, which has a very similar profile (Fig 1A). The potential increase in these variables

seems to be relevant, reaching 100% when area 7 is compared to area 9. When compared to

Table 5. Entropy scores. White indicates the lowest values, and dark grey indicates the highest values. Darker shading

means higher entropy.

Entropy (1) Acute hospital care scenario Core health day care scenario Outpatient care scenario

Area 1 44.8 5.02 20.08

Area 2 55.09 2.65 48.26

Area 3 41.30 44.27 46.61

Area 4 54.34 37.40 41.3

Area 5 53.39 22.36 38.85

Area 6 46.12 1.81 80.13

Area 7 38.99 0.00 49.36

Area 8 40.85 11.07 77.46

Area 9 33.09 0.00 53.05

Area 10 57.94 0.00 46.01

Area 11 54.97 8.21 55.07

Area 12 53.21 25.63 57.95

Area 13 49.28 35.21 49.19

(1) Shannon´s entropy is assessed as a percentage (%) of its mathematical maximum; the maximum entropy is 100%

(the ecosystem exhibits complete heterogeneous management), and the minimum is 0% (the ecosystem exhibits

complete homogeneous management).

https://doi.org/10.1371/journal.pone.0265669.t005

PLOS ONE A decision support system for benchmarking analysis and organizational improvement of mental health care

PLOS ONE | https://doi.org/10.1371/journal.pone.0265669 March 22, 2022 9 / 18

https://doi.org/10.1371/journal.pone.0265669.t005
https://doi.org/10.1371/journal.pone.0265669


area 1, area 7’s readmission and discharge scores are very high combined with a limited length

of stay; the former should be reduced, and the latter should be increased to improve area 7’s

performance.

In Gipuzkoa, acute hospital care is located in areas 2, 6 and 9. Data from these facilities

were distributed proportionally in the remainder of the areas under study. Considering this

procedure, when a provision increase (rate) is needed, decision-makers can (i) expand the ser-

vice (expensive and opposite to community-based care), (ii) rebalance target populations or

(iii) both. These interventions must be carefully studied because they can modify the whole

ecosystem structure as well as its administration and consequently its global performance.

Fig 1. A) Acute hospital care (R2 code, DESDE-LTC) scenario, potential improvements (in percentage, %) for area 7.

B) Acute hospital care (R2 code, DESDE-LTC) scenario, potential improvements (in percentage, %) for area 12. C)

Core health day care (D1 and D4.1 codes, DESDE-LTC) scenario, potential improvements (in percentage, %) for area

8. D) Core health day care (D1 and D4.1 codes, DESDE-LTC) scenario, potential improvements (in percentage, %) for

area 10. Note: The target area for improvement has been compared to the selected benchmark (global benchmark for

the scenario is bolded).

https://doi.org/10.1371/journal.pone.0265669.g001
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The acute hospital care profile of area 12 (target-for-improvement) is more complicated

(Fig 1B). Depending on the selected benchmark, provision rates can decrease (area 1), increase

(area 9) or remain constant (areas 3 and 13), and there are different equilibria. Nevertheless,

the key for increasing the performance of area is to reach a specific value for readmissions

(decreasing), discharges (increasing) and length of stay (increasing) scores. For example, if

acute care provision must remain constant, the readmission score should decrease and the

number of discharges should increase proportionally (i.e., if the former decreases less, the lat-

ter should increase more, Fig 1B).

For core health day care, four areas can be considered target-for-improvement areas: 1, 7, 8

and 10. However, there are only two structural situations that could define potential interven-

tions. The first one is defined by areas 8 and 10. In this case, the availability and utilization

scores of acute day services (D1 code, DESDE-LTC) should increase significantly (Fig 1C and

1D). In these catchment areas, as mentioned before, core health day care facilities are inte-

grated in their respective MH centres (which provide outpatient care). This unique structure,

which increases care coordination, tends to overshadow both availability and utilization scores

in areas 8 and 10 (Fig 1C and 1D).

The second potential intervention is characterized by the profiles of areas 1 and 7. In this

situation, the availability and utilization scores are less relevant. The availability rate of non-

acute day services (D4.1 code, DESDE-LTC), rate of professionals (integrating D1 and D4.1

services) and utilization rate should be increased (Fig 2A and 2B). These increases could be

more moderate if the availability and utilization scores for acute day services (D1) also increase

slightly, balancing the global core health day care provision.

For outpatient care, areas 1 and 2 are identified as the target for improvement areas. In

both cases, a significant increase in the availability rate should be considered to improve per-

formance. If the intervention greatly increases the availability rate, then the corresponding psy-

chologist and nurse rates should also be increased. In contrast, if the prior increase is

moderate, the availability of the mentioned health professionals could be considered overesti-

mated and should be reduced (Fig 2C and 2D). In all areas, an increase in the incidence is

expected to improve performance. This phenomenon could require a target population reor-

ganization (increase the number of persons in each target-for-improvement area) that should

involve a restructuration of the MH areas of Gipuzkoa.

Discussion

To the best of our knowledge, this is the first study that identifies benchmark and target-for-

improvement areas in a real-world MH ecosystem. It is worth highlighting that the Gipuzkoa

management strategy follows the balanced care model [3], trying to achieve an equilibrium

among hospital and community care. In this respect, 90% of the activity developed by the

Mental Health System of Gipuzkoa is non-acute, non-mobile outpatient care, which indicates

a high tendency toward community care [36]. At the same time, the current management

strategy is focused on increasing acute core health day care by developing a new day hospital

as an alternative to hospitalization and continuity of care.

From a policy perspective, this research facilitates evidence-informed decision-making to

improve the continuity of care after hospitalization. Our findings demonstrate the feasibility of

a DSS for helping design interventions and policies to improve MH care to increase integra-

tion and balance [37].

The potential improvement strategies proposed are aligned with the balanced MH care

model [38] in each scenario (acute inpatient care, acute and non-acute core health day care

and non-acute and non-mobile outpatient care). In this study, potential interventions are
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based mainly on resource allocation, although previous research on RTE assessment of MH

services has identified improvement strategies that involve reducing beds, staff and supply

expenses [39], budget allocated for administrative services and full-time equivalent personnel

[40] or operating costs [41].

Comparing the characteristics of benchmark and target-for-improvement areas, structural

differences can be used to guide decision-making because decision-makers can assess struc-

tural (i.e., hide more professionals), administrative (i.e., modify the target population for a

catchment area) and procedural (i.e., change admission processes) interventions for improving

MH care provision. These proposals must be modulated over time because they are infeasible

Fig 2. A) Core health day care (D1 and D4.1 codes, DESDE-LTC) scenario, potential improvements (in percentage,

%) for area 1. B) Core health day care (D1 and D4.1 codes, DESDE-LTC) scenario, potential improvements (in

percentage, %) for area 7. C) Outpatient (O8 to O10 codes, DESDE-LTC) care scenario, potential improvements (in

percentage, %) for area 1. D) Outpatient (O8 to O10 codes, DESDE-LTC) care scenario, potential improvements (in

percentage, %) for area 2. Note: The target area for improvement has been compared to the selected benchmark (global

benchmark for the scenario is bolded).

https://doi.org/10.1371/journal.pone.0265669.g002

PLOS ONE A decision support system for benchmarking analysis and organizational improvement of mental health care

PLOS ONE | https://doi.org/10.1371/journal.pone.0265669 March 22, 2022 12 / 18

https://doi.org/10.1371/journal.pone.0265669.g002
https://doi.org/10.1371/journal.pone.0265669


to perform simultaneously. Thus, it is necessary to assess not only individual performances but

also their potential impact on the other parts of the MH care ecosystem. In this process, expert

knowledge is essential because no mathematical or operational method can interpret the

nuances that characterize any MH ecosystem under a specific care paradigm. By integrating

expert knowledge, decision-making becomes deductive, based on data, and inductive, based

on informed evidence [42]. This fact is especially relevant when raw data have been trans-

formed to analyse specific observation sets [21].

In this study, 13 catchment areas were selected to assess the MH ecosystem status and to

propose potential interventions to improve it. All these areas have their own MH centre; thus,

outpatient care data have been directly assigned. However, only a few areas have acute hospital

(three areas) and/or core health day care facilities. To make the analysis possible, data from

these areas were distributed proportionally. Therefore, the dataset corresponding to these MH

types is a realistic estimation verified by the decision-makers of the Mental Health Network of

Gipuzkoa.

The use of a DSS allowed ecosystem performance to be assessed and potential evidence-

informed interventions to be identified for target-for-improvement areas [21,24,29].

The profiles of the target-for-improvement areas in acute inpatient care (R2, DESDE-LTC

code) are very different. Area 7 could require a significant increase in the number of beds and/

or in the rates (per 100,000 adult inhabitants) of psychiatrists and psychologist-nurses. Obvi-

ously, a structural intervention such as this must be modulated over time, expecting both a

substantial decrease in the readmission rate and a moderate increase in the length of stay. In

area 12, the input structure (availability, bed, psychiatrist, and psychologist-nurse rates) can be

considered likely appropriate, but a significant decrease in its readmission rate and a very high

increase in discharges could be needed. Its profile indicates that it is probably unnecessary to

modify the structure of the MH care provided in this area, but a modification of the proce-

dures could be considered. Considering that acute hospital data have been calculated by dis-

tributing raw data from areas 2, 6 and 9, all previous interventions must be transferred to these

facilities. Moreover, from a mathematical viewpoint, a rebalance of the target population for

each catchment area (especially in the target-for-improvement areas) can be the easiest way to

improve ecosystem performance because it would modify the corresponding input rates. Cer-

tainly, modifying the structure of the acute hospital facilities (there is only one facility in

Gipuzkoa) can also rebalance the current situation, but this intervention is more labour-inten-

sive for the organization.

The DSS identified four target-for-improvement areas in core health day care provision. In

the first area (area 8), the availability rate should be significantly increased. To realize such an

improvement, there are two options: enable new day services (probably only D1 because an

increase in its utilization score is also considered appropriate) and/or decrease the target popu-

lation (rebalancing it between neighbouring areas). The first option is a structural interven-

tion, probably expensive and unreasonable but, from a theoretical viewpoint, can have an

immediate positive impact on MH care provision, especially if a D4.1 facility is transformed

into a D1 facility. Second, administrative intervention is less effort-intensive for the organiza-

tion, but its potential positive effect will be delayed (users have strong inertia, so it can be diffi-

cult to convince them to change and visit other services). The second area (area 10) showed a

very similar profile; therefore, all the considerations made for area 8 are applicable here. Areas

8 and 10 have integrated core health day care facilities into their MH centres. This structure is

especially relevant to understand the proposed interventions because, for this reason, their

availability and utilization scores were probably underestimated.

In areas 1 and 7, the DSS identified a problem in the provision of rehabilitation core health

day care (D4.1), which should be reinforced in both areas. Availability and place rates
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(capacity) as well as psychiatrist, psychologist, and nurse rates in D4.1 service should be signifi-

cantly increased in these areas. Except for the availability rate, where the comments made for

areas 8 and 10 are valid, the other potential interventions are structural (the number of MH

professionals should be increased). Again, efforts made by decision-makers should be

rewarded by an increase in the utilization of the D4.1 provision. Here, it can also be helpful to

transform a D1 service (or a section) in a D4.1 facility. In this intervention, a decrease in the

utilization of D1 services and an increase in the corresponding utilization in non-acute core

health day care services are expected (both with a potential positive impact).

In non-acute and non-mobile outpatient care services, indicators highlighted two target-

for-improvement areas (1 and 2), both with similar profiles. Here, the most relevant variables

are availability and psychologist rates. For the first area, the methodology recommends a sig-

nificant increase. This outcome can be achieved by opening new inpatient care services and/or

reducing (rebalancing) the target population. The recommendation focused on reinforcing

inpatient care services does not meet the objectives established by current MH care models,

which promote the development of community-based care services. Notably, MH residential

care services can reach high levels of RTE because they are highly structured, and the manage-

ment strategies are strongly homogenous. For this reason, the DSS recommends reinforcing

inpatient care. The effects of these interventions were described in the previous paragraph.

According to data values and depending on the benchmark area, the psychologist rate

showed contradictory behaviour. In area 3, outpatient care is based mainly on psychiatrists

because for areas 1 and 2, the comparison recommends a significant decrease in the psycholo-

gist rate, but it also expects a small increase in the frequency. This intervention cannot be con-

sidered appropriate for areas 1 and 2 because their structures are more similar to benchmark

areas 4 and 5. Carrying out the respective comparisons, a significant increase in their psycholo-

gist rates is highlighted, thus predicting a relevant increase in their frequentation and preva-

lence. Depending on the prior increase, the expected incidence should increase (higher

psychologist rate variation) or decrease (lower psychologist rate variation).

The performance of the Mental Health Network of Gipuzkoa in each scenario could be

increased by implementing the recommended organizational interventions. The analytical

process followed in this study can be used as a new tool to reach a more integrated and bal-

anced MH care system considering the population needs and evidence from the data and DSS.

However, the present study had some limitations. The analyses only included 25 variables

that offered a relatively precise view of the real ecosystem situation, but it would be necessary

to include new variables, mainly outcomes, for a more precise benchmarking analysis. The

results offer an initial view of the situation from three single perspectives (scenarios), but new

perspectives must be designed to analyse the real balance of care in each catchment area as

well as in the Gipuzkoa MH system. Considering that some of the proposed interventions may

be appropriate in some scenarios but inadequate in others (by modifying the status of the MH

care balance), it is necessary to refine the analytical tools to improve understanding of the

interventions’ potential impact on the whole MH ecosystem.

The original dataset given by the Mental Health system of Gipuzkoa is completely reliable,

but the main bias source is population. In order to calculate the corresponding availability and

resource’s use rates the most reliable source for population is the official census, that is rela-

tively outdated. In order to deal with this problem, uncertainty, a Monte-Carlo simulation

engine has been developed to manage statistical distributions rather than raw data. On the

other hand, data on MH systems are dynamic and change frequently the analysis showed in

this paper corresponds to a specific transversal cut in the time but the DSS can analyse new

datasets very easily. The Monte-Carlo simulation engine offers a sensitivity analysis to take
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relative small data changes into control by multiplying the number of observation artificially

[21].

Conclusions

This research has contributed to the development of evidence-informed policymaking by

including scientific findings to deal with the inner uncertainty of the environment as well as

context information (expert knowledge for interpreting data under a theoretical paradigm).

The formal integration of evidence (data) and expert knowledge is the most powerful strategy

to increase expert knowledge, and expert knowledge is the unique tool to deal with uncertainty

in a real and complex ecosystem. The proposed DSS has allowed firstly to assess both the indi-

vidual (decision units) and global performance of the MH system of Gipuzkoa and secondly to

identify new potential improvement strategies prior its potential implementation in the real

environment, this process decreases operational risks. This article can be considered a guide

for informing experts, managers and policy makers on how real MH systems are really work-

ing (performance) and how they could be improved to provide better MH care.

Gipuzkoa follows the balanced care model, with a strong orientation to provide non-acute

and non-mobile outpatient care, which is the main activity developed by its mental health sys-

tem. The analytical procedure designed in this study focused on three specific scenarios that

represent the main types of MH care: inpatient, core health day and outpatient care. From

these three perspectives, no catchment area must be organizationally improved in its three

main types of care. Area 1 has a strong residential care structure, but its day and outpatient

facilities may be improved. Area 2 has a weak outpatient care sub-ecosystem, but from residen-

tial and day care viewpoints, it is strong. Area 7 should improve residential care (rates), and in

area 10, day care is the target for improvement. Finally, in area 12, residential care is the

weakness.

No area can be considered the global benchmark for Gipuzkoa. Area 13 can be considered

a reference for both residential and day care and area 3, for residential and outpatient care.

However, the best areas for the three main MH care types, acute hospital care, day care, and

outpatient care, are areas 9, 11 and 4, respectively.

Considering the current situation of MH care, improved planning and management meth-

ods are required to meet users’ needs. Despite efforts since the 1950s with respect to the dein-

stitutionalization process for improving MH systems, there remains a need for new policies

that facilitate the continuity of community care for users who have been discharged from hos-

pitals. DSSs allow the assessment of the MH ecosystem performance as well as the identifica-

tion of benchmark and target-for-improvement catchment areas. The potential improvement

strategies identified for each area were designed according to the balanced MH care model

specific to each scenario (inpatient, core health day care and outpatient care).

In this analysis, we did not follow a “whole system approach” but instead adopted the per-

spective of the planning agency of Gipuzkoa. Therefore, we did not include in the DSS all ser-

vice provisions for MH care beyond the main types of care. Psychologists and nurses were

grouped in acute inpatient care, so better granularity is recommended for a better intervention

design.
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28. Garcı́a-Alonso CR, Almeda N, Salinas-Pérez JA, Gutiérrez-Colosı́a MR, Salvador-Carulla L. Relative

Technical Efficiency Assessment of Mental Health Services: A Systematic Review. Adm Policy Ment

Heal Ment Heal Serv Res. 2019. https://doi.org/10.1007/s10488-019-00921-6 PMID: 30627978

29. Salvador-Carulla L, Garcı́a-Alonso C, Gonzalez-Caballero JL, Garrido-Cumbrera M. Use of an opera-

tional model of community care to assess technical efficiency and benchmarking of small mental health

areas in Spain. J Ment Health Policy Econ. 2007; 10: 87–100. PMID: 17603149

30. Salvador-Carulla L, Alvarez-Galvez J, Romero C, Gutierrez-Colosia MR, Weber G, McDaid D, et al.

Evaluation of an integrated system for classification, assessment and comparison of services for long-

term care in Europe: the eDESDE-LTC study. BMC Health Serv Res. 2013; 13: 218. https://doi.org/10.

1186/1472-6963-13-218 PMID: 23768163

31. Romero-López-Alberca C, Gutiérrez-Colosı́a MR, Salinas-Pérez JA, Almeda N, Furst M, Johnson S,

et al. Standardised description of health and social care: A systematic review of use of the ESMS/

DESDE (European Service Mapping Schedule/Description and Evaluation of Services and DirectoriEs).

Eur Psychiatry. 2019; 61: 97–110. https://doi.org/10.1016/j.eurpsy.2019.07.003 PMID: 31426008

PLOS ONE A decision support system for benchmarking analysis and organizational improvement of mental health care

PLOS ONE | https://doi.org/10.1371/journal.pone.0265669 March 22, 2022 17 / 18

https://doi.org/10.1192/bjp.2019.21
http://www.ncbi.nlm.nih.gov/pubmed/30761976
https://doi.org/10.1007/s00127-009-0001-0
http://www.ncbi.nlm.nih.gov/pubmed/19277440
https://doi.org/10.1192/bji.2019.32
http://www.ncbi.nlm.nih.gov/pubmed/34287401
https://doi.org/10.1016/S2215-0366%2817%2930108-6
http://www.ncbi.nlm.nih.gov/pubmed/28748791
https://doi.org/10.3390/ijerph15040806
http://www.ncbi.nlm.nih.gov/pubmed/29677100
https://doi.org/10.1016/0167-9236%2887%2990180-1
https://doi.org/10.15265/IYS-2016-s034
http://www.ncbi.nlm.nih.gov/pubmed/27488402
https://doi.org/10.1038/s41746-020-0221-y
http://www.ncbi.nlm.nih.gov/pubmed/32047862
https://doi.org/10.1016/j.artmed.2014.08.006
http://www.ncbi.nlm.nih.gov/pubmed/25801593
https://doi.org/10.1371/journal.pone.0212179
https://doi.org/10.1371/journal.pone.0212179
http://www.ncbi.nlm.nih.gov/pubmed/30763361
https://doi.org/10.1016/j.artmed.2012.12.001
https://doi.org/10.1016/j.artmed.2012.12.001
http://www.ncbi.nlm.nih.gov/pubmed/23332576
https://doi.org/10.1016/j.eswa.2015.05.025
https://doi.org/10.1016/j.eswa.2015.05.025
https://doi.org/10.1016/j.ejor.2014.10.019
https://doi.org/10.1186/s12939-017-0614-y
http://www.ncbi.nlm.nih.gov/pubmed/28709422
https://doi.org/10.1016/j.evalprogplan.2009.09.001
https://doi.org/10.1016/j.evalprogplan.2009.09.001
http://www.ncbi.nlm.nih.gov/pubmed/19853917
https://doi.org/10.1016/j.seps.2017.01.008
https://doi.org/10.1007/s10488-019-00921-6
http://www.ncbi.nlm.nih.gov/pubmed/30627978
http://www.ncbi.nlm.nih.gov/pubmed/17603149
https://doi.org/10.1186/1472-6963-13-218
https://doi.org/10.1186/1472-6963-13-218
http://www.ncbi.nlm.nih.gov/pubmed/23768163
https://doi.org/10.1016/j.eurpsy.2019.07.003
http://www.ncbi.nlm.nih.gov/pubmed/31426008
https://doi.org/10.1371/journal.pone.0265669


32. Abildgaard JS, Saksvik PØ, Nielsen K. How to Measure the Intervention Process? An Assessment of

Qualitative and Quantitative Approaches to Data Collection in the Process Evaluation of Organizational

Interventions. Front Psychol. 2016; 7: 1380. https://doi.org/10.3389/fpsyg.2016.01380 PMID:

27713707

33. Charnes A, Cooper WW, Rhodes E. Measuring the efficiency of decision making units. Eur J Oper Res.

1978; 2: 429–444. Available: http://econpapers.repec.org/RePEc:eee:ejores:v:2:y:1978:i:6:p:429-444.

34. Banker RD, Charnes A, Cooper WW. Some Models for Estimating Technical and Scale Inefficiencies in

Data Envelopment Analysis. Manage Sci. 1984; 30: 1078–1092. Available: http://econpapers.repec.

org/RePEc:inm:ormnsc:v:30:y:1984:i:9:p:1078-1092.

35. Klir GJ. Trends in general systems theory. Wiley J, Sons I, editors. Wiley-Interscience; 1972. PMID:

4626536

36. Red de Salud Mental de Gipuzkoa. Guı́a de Gestión 2018. San Sebastián, España; 2018. Available:

https://www.euskalit.net/buscador/memorias/Guia Gestion RSMG18.pdf.

37. Taylor Salisbury T, Killaspy H, King M. The relationship between deinstitutionalization and quality of

care in longer-term psychiatric and social care facilities in Europe: A cross-sectional study. Eur Psychia-

try. 2017; 42: 95–102. https://doi.org/10.1016/j.eurpsy.2016.11.011 PMID: 28364688

38. Thornicroft G, Tansella M. The balanced care model: The case for both hospital- and community-based

mental healthcare. Br J Psychiatry. 2013; 202: 246–248. https://doi.org/10.1192/bjp.bp.112.111377

PMID: 23549938

39. Ozcan YA, McCue MJ, Okasha AA. Measuring the technical efficiency of psychiatric hospitals. J Med

Syst. 1996; 20: 141–150. https://doi.org/10.1007/BF02281992 PMID: 8798945

40. Yeh J, White KR, Ozcan YA. Efficiency Evaluation of Community-Based Youth Services in Virginia.

Community Ment Health J. 1997; 33: 487–499. https://doi.org/10.1023/a:1025096502578 PMID:

9435996

41. Tyler LH, Ozcan YA, Wogen SE. Mental health case management and technical efficiency. J Med Syst.

1995; 19: 413–423. https://doi.org/10.1007/BF02260831 PMID: 8613716

42. Salvador-Carulla L, Fernandez A, Madden R, Lukersmith S, Colagiuri R, Torkfar G, et al. Framing of sci-

entific knowledge as a new category of health care research. J Eval Clin Pract. 2014; 20: 1045–1055.

https://doi.org/10.1111/jep.12286 PMID: 25421111

PLOS ONE A decision support system for benchmarking analysis and organizational improvement of mental health care

PLOS ONE | https://doi.org/10.1371/journal.pone.0265669 March 22, 2022 18 / 18

https://doi.org/10.3389/fpsyg.2016.01380
http://www.ncbi.nlm.nih.gov/pubmed/27713707
http://econpapers.repec.org/RePEc:eee:ejores:v:2:y:1978:i:6:p:429-444
http://econpapers.repec.org/RePEc:inm:ormnsc:v:30:y:1984:i:9:p:1078-1092
http://econpapers.repec.org/RePEc:inm:ormnsc:v:30:y:1984:i:9:p:1078-1092
http://www.ncbi.nlm.nih.gov/pubmed/4626536
https://www.euskalit.net/buscador/memorias/Guia
https://doi.org/10.1016/j.eurpsy.2016.11.011
http://www.ncbi.nlm.nih.gov/pubmed/28364688
https://doi.org/10.1192/bjp.bp.112.111377
http://www.ncbi.nlm.nih.gov/pubmed/23549938
https://doi.org/10.1007/BF02281992
http://www.ncbi.nlm.nih.gov/pubmed/8798945
https://doi.org/10.1023/a%3A1025096502578
http://www.ncbi.nlm.nih.gov/pubmed/9435996
https://doi.org/10.1007/BF02260831
http://www.ncbi.nlm.nih.gov/pubmed/8613716
https://doi.org/10.1111/jep.12286
http://www.ncbi.nlm.nih.gov/pubmed/25421111
https://doi.org/10.1371/journal.pone.0265669

