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Structured Abstract  
 
Business Intelligence (BI) has the potential to disrupt the processes through which 
healthcare services are offered by healthcare agents. Despite this key role, most 
healthcare organisations fail in extending BI suites from the pilot niches in which these 
digital solutions are usually developed and tested to larger domains. In fact, healthcare 
practitioners lack comprehensive models suggesting the priorities to be followed in the 
progressive development of a BI solution. This paper aims to start filling these gaps by 
developing a model through which: (i) to measure and increase the maturity of BI 
solutions within healthcare organisations; (ii) enable extensive processes of benchmarking 
and continuous improvement. 
 
Purpose – To enable extensive processes of benchmarking and continuous improvement 
in healthcare organisations. 
 
Design/methodology/approach – In order to accomplish the paper’s goals we built upon 
a Clinical Inquiry Research, a well-defined collaborative form of research. 
 
Originality/value – we captured the relationships among the components of the BI 
solution (especially those among different development areas)—depicting the different 
interactions in terms of interdependencies and synergies to be leveraged for successfully 
extending BI solutions to larger domains. 
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Practical implications – The development of the BI maturity model and the relative 
assessing questionnaire, which are specific for the healthcare industry. 
 
Keywords – Healthcare, Business Intelligence, Maturity Model. 
 
Paper type – Academic Research Paper 

1 Introduction 

Nowadays, healthcare is a complicated, knowledge-based industry. The 
implementation of digital solutions developed large amount of clinical and administrative 
data, which—if well used through the proper use of BI—allow healthcare organizations to 
improve both the financial efficiency and the quality of their services (Brooks, et al., 
2013). 

Davenport and Harris (2006) define BI as a set of technologies and processes that use 
data, statistical and quantitative analysis, explanatory and predictive models, and fact-
based management that, on the one hand, drive decisions and actions, while, on the other 
hand, enable an accurate understanding of business performance. BI solutions help 
decision-makers by providing practical information in the right form, right time and right 
place (Negash, 2004).   

The field of BI has improved significantly over the past years (Kohavi et al., 2002), 
and has promising applications in the healthcare domain (Vercellis, 2009).Despite these 
potential benefits, many healthcare organizations have not yet implemented BI systems, 
and there has been very limited research on the factors that contribute to the successful 
implementation of BI in a healthcare-specific context (Foshay and Kuziemsky, 2014) and 
the existing BI maturity models do not include peculiarities of particular sectors such as 
healthcare (Brooks et al 2015). 

In fact, most healthcare organisations fail in extending BI suites from the pilot niches 
in which these digital solutions are usually developed and tested to larger domains 
(Kohavi et al., 2002). Healthcare practitioners lack comprehensive models suggesting the 
priori-ties to be followed in the progressive development of a BI solution (Chen et al., 
2012).  

This paper aims to start filling these gaps by developing a model through which: 
• To measure and increase the maturity of BI solutions within healthcare 

organisations; 
• To enable extensive processes of benchmarking and continuous improvement. 
The overall goal is to provide healthcare practitioners with actionable knowledge and 

tools to support the development of their roadmaps to exploit the disrupting potential of 
BI.  

2 Theoretical Background 
We have organised the theoretical background of the paper into two sessions. The first 

proposes the latest development in the field of healthcare BI, and reveals the lack of 
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models and tools to support BI in rendering as salient their disrupting potential. The 
second focuses on maturity models, and on their core elements and the logic through 
which maturity models are developed. 

2.1 Business Intelligence in Healthcare 
Healthcare organizations are under increasing pressure to do more with less and are 

continually seeking ways to ensure that resources are deployed as efficiently as possible 
while ensuring high quality patient care (Gastaldi and Corso, 2012). BI is essential to 
meet these goals (Pine et al., 2012) since it progressively takes healthcare agents along 
the continuum from intuitive to empirical and ultimately to precision medicine 
(Christensen et al., 2009). 

Foshay and Kuziemsky (2014) contend that improper implementation of BI in 
healthcare organization and/or lack of organizations readiness result in lack of confidence 
in mangers’ decisions and increase the time required to make decisions. To avoid these 
adverse impacts, they suggest to reflect on identifying the information needs of core 
processes in the healthcare organizations. 

While studies of BI in healthcare exist (e.g., Ferrand et al., 2010; Tremblay et al., 
2012), they have put limited emphasis on the process and tools through which BI systems 
have to be developed in order to accelerate this transition. Most studies have highlighted 
some key elements without putting them into a coherent and comprehensive framework. 

Ramamurthy et al. (2008) view BI implementation success as dependent upon 
organizational factors such as management commitment, organization size and absorptive 
capacity, as well as characteristics of the BI system, including relative advantage and low 
complexity. Isik et al. (2011) contend that successful BI implementations require specific 
capabilities including high quality data, appropriate user access and effective integration 
with other systems. 

Popovic et al. (2012) measure BI maturity in terms of data integration effectiveness 
and analytic capabilities. Starting from similar premises, Sen et al. (2012) propose a five-
stage maturity model covering both the development and on-going operations of BI 
systems. However, their tool is not effective in providing practitioners with actionable 
knowledge to support the development of effective roadmaps for their BI systems. 
Moreover, the model does not consider the idiosyncrasies of the healthcare industry. 

2.2 Maturity Models 
Maturity models have their roots in the field of quality management (Chiesa et al., 

1996). The concept of maturity implies an evolutionary progress from an initial to a 
desired target or naturally existing end stage (Marx et al., 2012). The notion of evolution 
is implicit in the stages of growth, suggesting that the progress transitions through a 
number of intermediate states on the way to higher maturity levels (Sen et al., 2012). In 
the information systems discipline, maturity is regarded as “a measure to evaluate the 
capabilities of an organisation” (Rosemann and De Bruin 2005). Maturity models 
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facilitate this evaluation by outlining anticipated, typical, logical, and desired evolution 
paths (Becker et al., 2009). 

In response to criticism of missing methodical foundations and insufficient 
comparability (Biberoglu and Haddad 2002), researchers in the field of maturity levels 
mostly focus on their foundations (e.g., Becker et al., 2010), e.g., classification schemes, 
construction methods and design principles. In terms of model elements, the key ones are 
(Marx et al., 2012): 

• Dimensions: specific capability areas, process areas, or design objects structuring 
the field of interest. They should be exhaustive and distinct. Each dimension is further 
specified by a number of measures or by qualitative descriptions for each maturity level.  

• Levels: archetypal states of maturity of a certain dimension or domain. Each 
level should have a descriptor clearly providing the intent of the level and a detailed 
description of its characteristics. These characteristics should be distinct and empirically 
testable while the relationship of each level to its predecessor and successor should be 
well defined. 

3 Research Methodology 

In order to accomplish the paper’s goals we built upon a Clinical Inquiry Research 
(CIR) project we have accomplished from October 2012 to May 2013 with: 

• The ISMETT, an highly-digitalised hospital (656 employees, 86 beds) in Italy 
that has won an award for its BI solution1

• Five other hospitals representative of the variety of the Italian healthcare 
industry and with experience in the development of BI solutions. 

;  

All six hospitals were selected according to their experience in BI issues—measured 
in terms of the percentage of ICT budget delivered to BI from 2008 to 2013.  

CIR is a well-defined collaborative form of research developed by Schein (2008). A 
distinguishing characteristic of CIR is in the setting of the activity (Coghlan and 
Brannick, 2005).  

In order to develop a model for assessing the maturity of the BI system a Research 
Task Force (RTF) was formed in November 2012. According to leading literature on 
collaborative research (Mohrman and Mohrman, 2004), the RTF included both 
researchers and practitioners, and subdivided its work into four main phases: knowledge 
acquisition, diagnosis, criteria setting and implementation design. 

Business process analysis and mapping (Womack and Jones, 2003), face-to-face 
interviews and multi-participant interactive dialogues (Mikaelsson and Shani, 2004) were 
the main collaborative mechanisms utilized. 

                                                 
1 ISMETT is born thanks to a joint public-private partnership between the Region of Sicily (through Civico and 
Cervello hospitals in Palermo) and UPMC, an integrated global health enterprise headquartered in Pittsburgh, 
and one of the leading not-profit health systems in the United States. 
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3.1 BI Maturity Model Development 

Given the complexity of the model to be created, its development necessitated the 
design of intermediate constructs (Sen et al., 2012). First, we performed an extensive 
literature analysis to understand not only the different metrics through which to assess the 
maturity of the BI solution, but also potential ways of grouping these metrics in mutually 
exclusive areas of development. This exercise allowed the production of a preliminary 
version of the BI maturity model, which the RTF progressively discussed and refined. 

Information acquisition and knowledge systematisation were accomplished in multiple 
modes—depending on the specific intent, of the specific stage of model elaboration and 
on the experience developed. Initially, brainstorming sessions (McGraw and Harbison-
Briggs, 1989) were used within the RTF to elicit ideas for model conceptualization. The 
objectives of this phase were to assess the potential value of a maturity model, and to 
identify the different areas and components characterising a BI solution in healthcare.  

Next, we used the consensus decision-making mode to evaluate the evolving model. 
Such types of techniques are very useful after brainstorming (Sen et al., 2012), and aim to 
find the best solution to a problem by letting the group weigh in on the advantages and 
disadvantages of each alternative solution. We accomplished this by collecting the 
judgments and votes of each member of the RTF on different classifications for the areas, 
as well as on the components and metrics characterising the maturity model. We also sent 
e-mails to a panel of power-users of the BI solution developed at ISMETT to solicit their 
detailed opinions on various topics, and solve the most critical issues. 

Last, we used the concept-sorting mode (McGraw and Harbison-Briggs, 1989) to flesh 
out the components in which the various metrics could be grouped. This mode of 
knowledge acquisition is useful once the maturity model is outlined and the main key 
areas of the BI models have been identified (Sen et al., 2012). 

Acting as a process facilitator, the researchers supported ISMETT in the definition of 
119 metrics to assess the maturity of BI solutions in healthcare settings. These metrics 
have been subdivided into 23 components, which have been grouped into four different 
areas, namely Functional, Technological, Diffusional and Organisational.  

For each metric, the RTF identified a question with four alternative answering options, 
which reflect the increasing maturity of the BI solution according to the specific metric 
considered. See Tables A.1, A.2, A.3 and A.4, in the Appendix, for an overview of the 
different areas, components, metrics and maturity levels. 

The RTF produced a questionnaire to assess the specific maturity levels for each 
metric. All questions were tested and refined with a set of BI managers and experts from 
the five Italian healthcare organisations involved into the CIR project. Specifically, we 
conducted multiple interviews to analyse, and understand if the model and the 
questionnaire were comprehensive, understandable, usable and accurate. We revised the 
metrics and the maturity levels in order to make them mutually exclusive and collectively 
exhaustive.  
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3.2 BI Maturity Model Application 

One approach for assessment of the model is through interviews with leaders and 
stakeholders of the organization (Brooks, 2015). Thus, after the validation of the model, 
the RTF presented it to ISMETT’s leadership, which asked the researchers to help it 
assess the maturity of its BI solution, and—starting from this assessment—to co-define a 
roadmap for fully exploiting BI. 

It is important to note that, for each metric, we asked the informants not only to 
evaluate the current (April 2013) maturity levels achieved in the hospital, but also the 
levels that were expected to be achieved in the next three years—according to the 
strategic plans already programmed and/or what seemed feasible targets in the considered 
timeframe. This choice further increased the level of actionability of the knowledge 
generated through the model, which was able not only to easily spot inharmonious 
developments related to the BI solution, but also to consider the gaps that were reasonable 
to fill in the near future. 

After completing the questionnaire, ISMETT initiated collective thinking of how to 
achieve—starting from its current position in the maturity model—the different maturity 
levels expected for the various metrics in the next three years. Researchers supported this 
reflection by systematising in a unique and coherent framework: 

• The different interventions planned by the hospital for each area of the model 
(derived from a joint reflection over ISMETT’s position in the BI maturity model);  

• Some critical issues that were core for achieving the expected levels of maturity 
(derived partially from analysis of the literature and partially from an analysis of other 
healthcare organisations that were developing a BI solution1

• Further evolutions that could be interesting to accomplish for making the BI 
solution as synergic as possible to other state-of-the-art digital solutions in the healthcare 
domain (these evolutions are the results of three face-to-face interviews with the ISMETT 
CEO).  

); 

The RTF considered all the stimuli that emerged in this phase, but recognised that 
these stimuli were not sufficient to develop a roadmap allowing a real prioritisation of the 
different interventions and investments. Starting from this consideration, the RTF 
organised some meetings through which to reflect on the different relationships among 
the components (and, thus, metrics) characterising the model. To ensure reliability 
(Bourgeois and Eisenhardt, 1988) all meetings were facilitated by two researchers, 
recorded, transcribed and coded. 

A cross-analysis of all meetings allowed the researchers to propose a preliminary 
version of a framework of interdependencies (necessity of a prioritisation in the 
development) and synergies (necessity of a concurrent development) among the different 
components of the BI maturity model. Exploiting the knowledge of ISMETT experts, the 
RTF reviewed the framework through a multi-participant interactive dialogue (Mikaelson 
and Shani, 2004) and converged on a final version that was reviewed and then validated 

                                                 
1 From this viewpoint, the RTF leveraged on the assets of an Observatory that is coordinated by the last author 
of this paper. Please, refer to Gastaldi and Corso (2013) for a description of the Observatory. 
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by the BI experts, managers and users in the other five hospitals involved into the CIR 
project. 

Finally, we linked the framework to the maturity levels of the various components of 
the BI model in order to determine different clusters of components to be prioritised. To 
accomplish this task, we: (i) averaged the maturity levels of the different metrics 
characterising each component; (ii) translated the various prerequisites and synergies of 
each component into a comprehensive value, calculated according to a predefined set of 
scores1

4 Findings 

; (iii) checked the consistency of the results in the RTF; (iv) presented them to the 
BI experts at ISMETT to collect their feedback; (v) validated the different clusters of 
component prioritisation. 

We have organised this paragraph according to the different outputs achieved during 
the CIR project. First, we present the BI maturity model and the questionnaire through 
which is possible to assess a generic healthcare organisation over that model (see §4.1). 
Next, the application of the model to ISMETT allowed us to: (i) assess the maturity of its 
BI solution, as well as its developments in the near future (see §4.2); (ii) provide useful 
elements for developing an action plan to be followed in order to increase the maturity 
and, thus, the effectiveness of its BI solution (see §4.3). 

4.1 Maturity Model and Questionnaire 

Tables A.1 to A.4 provide an overview of the BI maturity model. The tables are 
organised in developmental areas, components and metrics. For each metric, tables report 
the different maturity levels defined through the continual interaction between the 
researchers and practitioners. Some metrics (e.g. the frequency of goal definition in Table 
A.1) have sub-metrics that reflect the different domains in which the metric can be 
measured (e.g., goal definition in the economic domain, in the production domain and in 
the qualitative domain). In these cases, the maturity levels reported in the table are valid 
for each sub-metric. 

The questionnaire is organised into five sections. The first section asks for general 
information related to the healthcare organisation answering the questionnaire (e.g., 
number of departments, beds, employees) and its information system (e.g., number of 
workstations, ICT partners/suppliers, reports produced through the BI system). The ideas 
were to: 

• Obtain descriptive variables allowing a characterisation of the context in which 
the company is inserted to cluster the healthcare organisations answering the 
questionnaire; 

• Collect useful quantitative data to better understand and interpret the answers 
given by each healthcare organisation answering the questionnaire. 

                                                 
1 4 points for each strong prerequisite of the component; 3 points for each prerequisite of the component; 2 
points for each strong interdependence of the component; 1 point for each interdependence of the component. 
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The remaining four sections focus on the developmental area individuate in §3.1. For 
each metric and/or sub-metric, the RTF produced a question with four alternative 
answering options that reflect the increasing levels of maturity of the BI solution.  

4.2 Assessment of Actual and Expected BI Maturity 

The assessment of ISMETT on the BI maturity model allowed supporting with sound 
evidence management’s impression that most of the efforts made by ISMETT regarding 
its BI solutions had been in the technological area, in which the hospital had achieved an 
extremely high overall level of maturity. The other development areas were not that 
developed, and were expected to be improved in the three years following the assessment 
exactly to fill the gaps with technological maturity. This is coherent with what is 
suggested by both the literature (e.g., Sen et al., 2012) and the practitioners involved into 
the research project: inhomogeneous developments tend to be resource-consuming, risky 
and ineffective in exploiting the disrupting potential of BI to develop effective roadmaps 
towards precision medicine. 

As an example of the considerations that the assessment enabled, consider the 
components in the functional area (Table A.1). Figure 1 highlights high maturity levels 
for the components, which were expected to grow in the three years after the assessment. 
Among the four canonical phases characterising a management control system (F1, F2, F3 
and F4) the one relative to “measurement” was the most supported by the BI solutions. 
Looking at the expected maturities, respondents envisioned a development profile once 
again driven by “measurement”, but in which the other phases crossed or approached the 
level 3 of maturity. 
 

 

Figure 1. ISMETT position on the functional components of the BI maturity model 

Actual 
Expected 
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4.3 Supporting the Development of a Roadmap toward Precision Medicine  

One of the main limits of the other maturity models in the literature is that the 
relationships among the different metrics and components are often tacit (Marx et al., 
2012). In the spirit of tackling this issue, the RTF produced Figure 2, which, considering 
two components X and Y of the model, allowed us to identify four different relationships 
between them: 

• Strong prerequisite (): this relationship indicates that to increase the maturity 
of X, it is necessary to have previously reached mid-high (3 or 4) levels of maturity in Y;  

• Prerequisite (): this relationships indicates that to increase the maturity of X, it 
is suggested having previously reached mid-high (3 or 4) levels of maturity in Y; 

• Strong interdependence (••): this relationship indicates that it is necessary to 
jointly evolve the maturity of X and Y; 

• Interdependence (•): this relationship indicates that it is suggested to jointly 
evolve the maturity of X and Y. 

The figure provides a healthcare organisation aiming to increase the maturity of its BI 
solution with important information to lead each intervention/investment. A vertical 
analysis of the table emphasises the prerequisites and the interdependencies necessary 
and/or suggested to increment the maturity of a component. For instance, consider the 
component “active support to decision-making” (the fourth column in the functional 
area). As indicated in Figure 1, ISMETT had a maturity level equal to 2.22, and expected 
to achieve a level of 3.11 in the next three years. To realise this maturity growth it is not 
sufficient to improve the level of data granularity, the functional support and the 
frequency through which the BI solution support this function in economic, production 
and qualitative domains. Figure 2 suggests that many other components—both within the 
same development area as well as outside it—are critical in realising this improvement.  

Figure 2 is extremely useful even if read horizontally. In this case it is possible to 
verify the impacts produced by a component on the others—emphasising the components 
that have the highest priority due to the fact that they are a strong prerequisite of many 
other components.  
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Figure 2. Interdependencies and synergies among the components of the BI maturity model 

 

In order to develop a specific and effective action plan and to homogenize the maturity 
level of various components, we prioritize the further improvement of the components. 
Starting from Figure 2, we translated the various prerequisites and synergies of each 
component into a comprehensive value. Consider two components 𝑌𝑌𝑗𝑗  and 𝑋𝑋𝑗𝑗  where 𝑌𝑌𝑗𝑗  is a 
perquisite (or there is synergy) of 𝑋𝑋𝑗𝑗 . To prioritize the development of components, a 
score is assigned to each component  𝑌𝑌𝑗𝑗  based on the Equation 1. The higher values of the 
assigned score indicate immediate investment or focus on the component. 

𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 𝒀𝒀𝒋𝒋 =  ∑ [�𝑬𝑬𝑬𝑬𝑿𝑿𝒊𝒊 − 𝑨𝑨𝑬𝑬𝑿𝑿𝒊𝒊�
𝟏𝟏

𝑨𝑨𝑬𝑬𝑿𝑿𝒊𝒊

�𝑷𝑷𝑺𝑺𝒀𝒀𝒋𝒋𝑿𝑿𝒊𝒊−𝑨𝑨𝑬𝑬𝒀𝒀𝒋𝒋�+�𝑷𝑷𝑺𝑺𝒀𝒀𝒋𝒋𝑿𝑿𝒊𝒊−𝑨𝑨𝑬𝑬𝒀𝒀𝒋𝒋�

𝟐𝟐
]𝒏𝒏

𝒊𝒊=𝟏𝟏        ∀ 𝒋𝒋 = 𝟏𝟏…𝒏𝒏       

Eq. 1  
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Where: 

𝒏𝒏: 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑐𝑐𝑜𝑜𝑛𝑛𝑐𝑐𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐𝑐𝑐 
𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 𝒀𝒀𝒋𝒋 ∶  𝑜𝑜𝑜𝑜𝑛𝑛𝑛𝑛𝑜𝑜𝑜𝑜 𝑐𝑐𝑐𝑐𝑜𝑜𝑛𝑛𝑛𝑛 𝑔𝑔𝑔𝑔𝑜𝑜𝑛𝑛𝑛𝑛 𝑐𝑐𝑜𝑜 𝑐𝑐𝑜𝑜𝑛𝑛𝑐𝑐𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐 𝑌𝑌𝑗𝑗 ,  
𝑬𝑬𝑬𝑬𝑿𝑿𝒊𝒊 ∶  𝑛𝑛𝑒𝑒𝑐𝑐𝑛𝑛𝑐𝑐𝑐𝑐𝑛𝑛𝑒𝑒 𝑛𝑛𝑜𝑜𝑐𝑐𝑛𝑛𝑛𝑛𝑔𝑔𝑐𝑐𝑚𝑚 𝑜𝑜𝑜𝑜 𝑐𝑐𝑜𝑜𝑛𝑛𝑐𝑐𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐 𝑋𝑋𝑔𝑔  𝑔𝑔𝑛𝑛 𝑜𝑜𝑛𝑛𝑐𝑐𝑛𝑛𝑛𝑛𝑛𝑛  
𝑨𝑨𝑬𝑬𝑿𝑿𝒊𝒊 ∶  𝑐𝑐𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐 𝑛𝑛𝑜𝑜𝑐𝑐𝑛𝑛𝑛𝑛𝑔𝑔𝑐𝑐𝑚𝑚 𝑜𝑜𝑜𝑜 𝑐𝑐ℎ𝑛𝑛 𝑐𝑐𝑜𝑜𝑛𝑛𝑐𝑐𝑜𝑜𝑛𝑛𝑛𝑛𝑛𝑛𝑐𝑐 𝑋𝑋𝑔𝑔   
𝑷𝑷𝑺𝑺𝒀𝒀𝒋𝒋𝑿𝑿𝒊𝒊:  𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑐𝑐𝑜𝑜𝑔𝑔𝑛𝑛𝑐𝑐𝑐𝑐 𝑔𝑔𝑔𝑔𝑜𝑜𝑛𝑛𝑛𝑛 𝑛𝑛𝑜𝑜𝑐𝑐𝑛𝑛𝑒𝑒 𝑜𝑜𝑛𝑛 𝑐𝑐ℎ𝑛𝑛 𝑛𝑛𝑛𝑛𝑜𝑜𝑜𝑜𝑐𝑐𝑔𝑔𝑜𝑜𝑛𝑛𝑐𝑐ℎ𝑔𝑔𝑐𝑐(𝑐𝑐𝑛𝑛𝑛𝑛𝑝𝑝𝑛𝑛𝑔𝑔𝑐𝑐𝑔𝑔𝑐𝑐𝑛𝑛 𝑜𝑜𝑛𝑛 𝑔𝑔𝑛𝑛𝑐𝑐𝑛𝑛𝑛𝑛𝑒𝑒𝑛𝑛𝑐𝑐𝑛𝑛𝑛𝑛𝑒𝑒𝑛𝑛𝑛𝑛𝑐𝑐𝑚𝑚) 
𝑛𝑛𝑛𝑛𝑐𝑐𝑏𝑏𝑛𝑛𝑛𝑛𝑛𝑛 𝑌𝑌𝑗𝑗  𝑜𝑜𝑛𝑛𝑒𝑒 𝑋𝑋𝑔𝑔  

The first part of the Equation 1 takes into account the difference between the expected 
and current maturity of the dependent component 𝑋𝑋𝑔𝑔  and the second coefficient ( 1

𝐴𝐴𝐴𝐴𝑋𝑋𝑔𝑔
) 

considers the invert of the current maturity level of 𝑋𝑋𝑔𝑔 , thus, the higher the difference 
between expected and actual maturity and the lower the current maturity of the dependent 
component 𝑋𝑋𝑔𝑔 ; the higher is the score given to 𝑌𝑌𝑗𝑗 .  Finally the third coefficient calculates 
the positive part of the difference of the relation score and the current maturity of 𝑌𝑌𝑗𝑗 . If the 
current maturity of 𝑌𝑌𝑗𝑗  is less than maturity needed to develop 𝑋𝑋𝑔𝑔 , this coefficient is 
positive otherwise, it is zero. For instance if the component 𝑌𝑌𝑗𝑗  is perquisite of 𝑋𝑋𝑔𝑔 , but the 
current maturity of 𝑌𝑌𝑗𝑗  is high enough (3 or 4), the third coefficient is zero and eliminates 
the effect of the relation on the score of 𝑌𝑌𝑗𝑗 . 

Figure 3 depicts the calculated scores of BI components of ISMETT. As it is shown in 
the figure, BI budget, BI strategy and process coverage are the first three areas that need 
more attention and/or investment. 

 
Figure 3. Priority score of components for healthcare BI at ISMETT 
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5 Conclusions 

Besides the actual support to ISMETT in increasing the maturity of its BI solution, the 
main contribution of this study is the development of two artifacts—the BI maturity 
model and the relative assessing questionnaire—which are specific for the healthcare 
industry and allow to effectively address the pressing issues associated with BI solutions 
within it. 

The research showed that the development of a BI solution is essentially an 
evolutionary process, and that is possible to identify several discrete stages on the 
roadmap toward a full exploitation of BI in the realisation of precision medicine. We 
proposed that an immature BI system could be a major reason behind the failure of so 
many BI initiatives, and we captured the relationships among the components of the BI 
solution (especially those among different development areas)—depicting the different 
interactions in terms of interdependencies and synergies to be leveraged for successfully 
extending BI solutions to larger domains. 

Moreover, activating organization-wide processes of involvement, the artifacts 
described in this paper allow healthcare practitioners to monitor and predict on an 
objective basis the quality of their BI solutions and the processes that produce them. The 
artifacts are based on several components and metrics, which not only enable any 
benchmarking regarding the strategies through which different healthcare organisations 
develop a BI solution, but also represent useful tools for understanding which components 
to focus on in a healthcare organisation in order to progressively make its BI solutions 
more efficient and effective—providing scope for continuous improvement. 

We envision couple of streams of research emerging out of our work. Following the 
software process maturity paradigm (Krishnan and Kellnes, 1999), the first stream would 
focus on organizational attempts at characterising BI practices, by empirically examining 
the consensual benefits attributed to a mature BI solution. For example, it is important to 
use the BI maturity model to systematically measure a hospital’s ability, commitment, 
goals, and roadblocks for evaluating its performance on the different metrics, and to 
develop benchmarks to transition to higher levels of maturity. In this research stream, the 
basic premise is that consistent application of well-defined and measured BI processes, 
coupled with continuous process improvement, will streamline BI project management 
and substantially improve the productivity and data quality of BI solutions. 

Another important future direction would be to employ our model/questionnaire to 
assess BI maturity in different healthcare organizational settings and, based on those 
assessments, test a set of hypotheses relating to the consequences of BI maturity on their 
performance. Moreover, if the maturity model would be applied to all (or the majority) of 
healthcare organizations in a regional healthcare system, the model could provide the 
regional healthcare directorate with useful knowledge to address the production of 
homogenizing policies and continuous improvement strategies at a regional level. 
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