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Abstract

:

The execution of effective responses during a large-scale emergency requires gathering appropriate information and implementing priority assessment processes. In particular, the design of comprehensive and multi-dimensional evaluation methods is crucial, especially in countries characterized by the presence of multiple levels of authority and regional governance. In this article, we illustrate the development of a structured method that was used to support emergency decisions during the COVID-19 emergency in Brazil. We applied a design science roadmap in order to produce an artifact development process, based on extensive expert involvement and multiple sources, to identify the core requirements and information needs at healthcare management and governance levels. This study provides an assessment matrix and measurement scale based on twenty indicators and five key criteria (i.e., gravity, urgency, trend, amplitude, and impact). The study provides an evidence-based method for assessing the emergency status of, and defining recommendations for, operators and policymakers. This method can be adopted for other emergency management scenarios and contexts in order to support the analysis and implementation of responses; this has a specific relevance for multi-level governance contexts.
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1. Introduction and Problem Statement


Currently, a number of natural and human-related factors can generate large scale emergencies, which could potentially affect a great number of people; this could have a ruinous impact on local and global communities. Emergency management is concerned with anticipating or reducing the probability of accidents, and dealing with the repercussions of an event in order to reduce negative impacts. The interest in emergency management has significantly increased in the last years; this is a consequence of the COVID-19 outbreak, which has triggered a global movement among academics and practitioners alike in order to define more effective approaches and methods that can handle emergency scenarios.



In fact, the pandemic required countries from around the world to take effective actions that were aimed at contact tracking, social distancing, and interrupting non-essential activities (“lockdown”) to contain the infection while properly accounting for the epidemiological, health-based, economic, and social aspects of the emergency. Such actions were implemented to varying degrees, depending on the government; they either adopted softer or more draconian measures [1,2,3], and they adopted different approaches that were either “techno-driven” or “human-driven”. These measures and approaches were implemented to control the transmission of the infection [4].



The comprehensive response to the pandemic was necessary; since the first phase of the outbreak, an array of harmoniously integrated actions occurred. These actions involved coordinating responders, providing consistent information, communicating risks, and undertaking health interventions [5]. Although the pandemic has stimulated a large stream of research on the economic and social impacts of COVID-19 [6,7,8], the emergency also represented an opportunity to investigate the varied responses to the pandemic [9], and the relevance of purposeful systems to process and retrieve real-time information [10].



The complexity of an emergency increases when the management of the emergency has to cope with articulated governance models, and multiple levels of authority which require an additional coordination effort; moreover, it also requires the development of evidence-based tools that are able to support decisions and actions taken by a multitude of policy makers and emergency actors [11,12]. Information management is central to emergency management, and this was also true of the COVID-19 disaster. In fact, information and information systems fueled and facilitated the response to the COVID-19 pandemic, which affected a wide variety of stakeholders. Data analytics underpins policy and decision making, and ongoing analysis provides governments with information concerning the efficacy and impact of these policies and decisions [13].



Successfully controlling the pandemic depended on effective and integrated leadership at different levels; the lack of studies concerning the application of multi-level governance during a pandemic indicates the need for further research [14]. In order to undertake such an endeavor, this article shares a real case of evidence-based methodology development; then, it applies the method in order to assess the pandemic emergency in Brazil. The epidemiology of COVID-19 in Brazil presented major shifts, and thus, the constant evolution and changes required continuously mapping and assessing the epidemiological features [15].



This article focuses on the development of a method for assessing emergencies and defining recommendations for operators. This method can be adopted and applied to other emergency management scenarios and contexts to support the analysis and implementation of effective responses. The remainder of the work is structured as follows. Section 2 analyzes the relevant background concerning government challenges in emergency management. Section 3 presents the research that was undertaken. Section 4 and Section 5 define the emergency assessment criteria, and these sections also note how the assessment matrix and prototypal information system were constructed. Section 6 presents a discussion of the findings, it notes the limitations of this study, and provides avenues for further research.




2. Government and Emergency Management


Governments are increasingly emphasizing emergency management as a response to public emergencies that cause extensive consequences and involve multiple agents. Particularly in large and federal states, central governments co-exist with many independent regional authorities and non-governmental actors; these bodies prioritize different interests and needs, and thus, such factors may generate a misalignment in terms of actions undertaken. This is particularly true for larger countries, wherein pressures from local authorities and multilevel governments increase the complexity of emergencies in terms of standardizing measures and coordinating response actions.



In such conditions, finding a suitable governance mechanism and leadership style pose a significant challenge for emergency management and emergency services. The success of the collaboration between authorities and the governance agenda will inevitably depend on how the collaboration process is led and managed by a multitude of decision makers and emergency responders. Emergency services have been rapidly changing in response to increasing demand, resources have been reduced, and there have been increasingly complex threats to public safety. Academics and practitioners all need to have a clear understanding of the changing role and contribution of these services, and they also need to find ways to improve their professional management methods and performance so that policy solutions to new and emerging threats may be efficiently developed and effectively implemented [16,17,18].



The principles and applications of multilevel governance have been extensively studied in the literature over the last ten years. In multilevel governance structures, control and hierarchy are replaced by asymmetric, but coordinated, interactions between actors [19]. In such structures, the actors are located at different levels, and they are invited to interact collaboratively for the common good [20]. These structures are aimed at decentralizing authority, distributing responsibilities, and enabling collaboration; thus, they can provide a basis for facing dynamic and accelerated crises [19,20,21,22,23]. The recent literature has investigated adaptive governance and decentralization [24], adaptive governance in the digital context [25], the integration of top-down and bottom-up policymaking [26], and the association between multilevel governance and problem-solving [27]. Adaptive governance is aimed at enhancing the capacity of an organization to deal with, and adapt to, changes. Strategies include utilizing internal and external capabilities, decentralizing decision-making, and seeking to inform higher-level decisions from bottom-up [28].



The concept of multilevel governance was also applied to the contexts of cities and global climate change [29]; such studies addressed adaptive governance and institutional strategies for climate-induced community relocations [30], in addition to examining how multilevel governance can support the urban politics of climate change [31]. With specific reference to the COVID-19 emergency, Ref. [1] analyzed the balance of governance and legitimacy by focusing on a case in Norway. Conversely, Ref. [28] discussed agile and adaptive governance in terms of the responses to the COVID-19 emergency. Ref. [32] discussed the use of social and behavioral science to support the COVID-19 pandemic response.



Large-scale emergencies, especially pandemics, are able to significantly challenge the local and national emergency and healthcare systems. Scholars working in the information systems field, as well as decision support, provided relevant contributions to support the modelling and prediction of infectious disease, thus enhancing the overall preparedness of national systems. For example, Ref. [33] presented a multi-agent-based, semantic-driven system for making support-based decisions in epidemic management. Conversely, Ref. [34] designed a simulation-driven hybrid tabletop exercise that allows participants to respond to a hypothetical pandemic influenza scenario and make iterative policy decisions in a group setting. More recently, in a COVID-19 context, Ref. [35] studied the importance of building contingency plans to alleviate the workload of emergency departments. Ref. [36] presented a support system for demand management in healthcare supply chains that considered epidemic outbreaks, and [37] presented a COVID-19 risk assessment DSS for practitioners.



One relevant and recent stream of the literature has also started to investigate the ethical aspects associated with technology-based assessments and the management of risks. For example, Ref. [38] studied the ethics of shared COVID-19 risks, and a framework for an ethical health technology assessment of risk in vaccine supply chain infrastructures was proposed. Ref. [38] conducted an epistemological and bibliometric analysis of ethics and shared responsibility in the context of health policy and Internet of Things applications.



The main area of investigation in our paper concerns the arising complexity of emergency-related decisions and actions when the management of the emergency has to contend with articulated governance models and multiple levels of authority. This requires an additional coordination effort and the availability of evidence-based tools that are able to support policy makers and emergency actors. This area requires further research that is aimed at successfully controlling the pandemic [14].




3. Research Process and Method


The research process was based on a design science approach, which is a pragmatic research paradigm that calls for the creation of innovative artifacts to solve real problems [39]. The approach is native to the information systems and management information systems field, and thus, it could be a relevant research strategy for the development of information-related artifacts for governance-related endeavors.



The framing of a problem, the effort required to build a concept, and the proposed solutions to a problem, are characterized by elements of innovativeness in that the process is based on the identification and integration of multiple sources of data and the expertise found in the Brazilian healthcare system. The study was coordinated by the Laboratory for Integration Engineering and Knowledge Governance (ENGIN) of the Federal University of Santa Catarina (UFSC). The Laboratory has consolidated experience in fields such as governance models and approaches, strategies, and tools for innovative knowledge management. The research project involved a large number of institutional and scientific actors and experts from the state of Santa Catarina, as well contributions from representatives of the national Brazilian government. The authors directly engaged with activities concerning the observation, expert involvement, data acquisition, and elaboration of the proposed methodology. Figure 1 shows the activities undertaken, in four main steps, which are in accordance with the adopted design science approach.



In the first step, “Problem and Goals Definition”, the context of the problem is recognized and formalized, and the main objectives, in terms of addressing the problem, are outlined. In our study, the key goal was to build an evidence-based and expert-validated assessment method to support the emergency assessment and the decisions and actions made by policy makers and health leaders. A specific aim of this study was to define a solution that would be able to address the challenge of standardizing the information gathering and measurement processes in a scenario wherein multilevel governance and multi-stakeholder coordination was required.



Next, “Artifact Development” occurred, which is the central activity of the design science process; here, the conceptual definition of the proposed solution is defined and implemented in order to address the identified problem. In our study, the development process included four sub-steps (i.e., “Health Process Analysis”, “Emergency Criteria Definition”, “GUTAI Matrix Building”, and “Integrated System Development”). Different methods were used to conduct the artifact development effort, as follows: interviews with key informants, experts, and specialists (e.g., Ministries and State Secretariats); bibliographic research (mostly governance, decision support, and emergency management literature); document analysis (e.g., WHO reports); collaboration between groups; and participant observation.



A dialogue was established between multiple public and private actors to gather and analyze relevant epidemiological data and models, and to define the key parameters for building the assessment methodology. The construction of the dataset and access to the relevant anonymized database was realized after collaborating with the integration teams at the Computer and Automation Center of the State of Santa Catarina (CIASC). Leaders of other health system data intelligence projects were also consulted. Table 1 shows the large panel of actors that were involved in building the information model and the tool building process, along with the main role that they played (i.e., whether they provided information, expertise, and/or feedback).



The researchers’ team interacted with different stakeholders that provided expertise on data analytics, epidemiology and health data, health policy, modelling and methodology design, socio-demographic dimensions, and security policies. Such interactions were mainly facilitated by sharing a power point presentation containing the main aims and objectives of the study undertaken by the researchers.



By conducting online or telephone meetings with key actors, the researchers obtained the stakeholder’s point of view on the pandemic and a number of key challenges and perspectives concerning how to deal with the outbreak. The meetings involved purposeful brainstorming sessions, which allowed for the drafting of a conceptual map of key dimensions that are concerned with the monitoring of the pandemic. Such initial requirements, concerning data collection and contextual analysis, prompted the researchers to generate a draft version of the GUTAI Matrix; this was sent via e-mail to all the stakeholders to gather further insights and suggestions for improvement. Once the suggested changes were implemented, the researchers obtained a second version of the Matrix.



The value that was added and obtained from the aforementioned interaction process was greater than that which is usually obtained from traditional design and development processes. First, the collective intelligence generated by the large number of stakeholders allowed us to gather multi-dimensional views of the health emergency. This is crucial when dealing with a complex issue such as COVID-19. Moreover, such an approach allows for increased analytic capacity, which is required for engaging in reflexive anticipatory policy design [40]. Second, in this instance, the role of facilitators and knowledge aggregators is played by the researchers rather than direct artefact developers; this allowed us to reduce the risks that are inherent to academic and self-referential approaches, although, regarding real-life societal issues, this aspect of the process may be limited.



The third step of the design process, “Artifact Demonstration and Evaluation”, aimed to show the real-life usability and potential benefits of the defined solution, and to collect feedback for improving the solution. In our study, a demonstration session was performed with the municipalities participating in the State’s Online Situation Room; notably, the largest municipality in the State of Santa Catarina, Joinville, participated in this session. This session was conducted using the available data (as of 31 May 2020); as a result, it was possible to obtain an evaluation of emergency indicators, a definition of an aggregated index, and a formulation of recommendations for city leaders.



In the design science roadmap, the main research process and the obtained findings were reported during the “Research Communication” step, wherein the solution was shared with the relevant scholarly and practitioner community. With this in mind, the present article represents the first scientific publication, at an international level, to note the activities undertaken and the results obtained. Phase 1 provides the introduction and background to this study. The communication phase (4) is formalized by this research article. The next three sections provide a detailed analysis of the artifact development and application processes (i.e., steps 2 and 3).




4. Healthcare Process Analysis and Emergency Criteria Definition


One of greatest challenges, and one of the most critical issues, facing the pandemic is the negative impact on the healthcare system, which is generally unprepared for the substantial increase in sick individuals. The first step in the artifact development process was thus to investigate how the healthcare process is managed within the national Brazilian system, with a specific focus on the pandemic scenario and the generation and gathering of critical information to be analyzed. This process includes seven core activities.



First, a pre-analysis (step 1) of the available data on contamination, as well as confirmed and suspected cases, is conducted, followed by the generation and delivery (step 2) of health system information (mostly on patients and health units) to government officials. Triaging (step 3) then aims to assess cases, and clinical and anamnesis data are generated and gathered (step 4) by health professionals. Next, exams and tests (step 5) are performed to define/validate the number of positive and negative individuals. Finally, hospitalization occurs to provide treatments to infected individuals (step 6), and the system is updated (discharge) when individuals recover from the disease or die (step 7). Figure 2 shows a visualization of this process, which was modelled by the researchers using the Bizagi Modeler®, a tool used to create BPMN standard process models.



The sequence of the identified activities generates a large set of relevant health data. Using interviews with medical experts, nurses, and hospital personnel, as well as with technology and data analysis specialists, the main information sources were identified and described. The information systems used by hospitals, health departments, and health laboratories were also studied in order to map the relevant information channels. Based on the process and flow analyses, it was possible to identify the data and critical information that was generated and used at each stage; moreover, it was also possible to assess their quality (mostly in terms of accessibility, reliability, and timeliness). Brainstorming sessions were also conducted with health and public managers with the purpose of composing a framework for major emergency-related criteria and indicators.



Method engineering and quality control disciplines propose different approaches and tools for facilitating prioritization between multiple criteria, such as the Pareto Diagram, Ishikawa Diagram, MUGDGE Matrix, SWOT Analysis, Eisenhower Matrix, and the GUT Matrix. In particular, the GUT Matrix allows for the identification of priorities in a system based on the analysis of Gravity, Urgency, and Tendency. The relevance of the GUT Matrix, in relation to the other tools applied to facilitate prioritization, is that it does not deviate from: (1) addressing the seriousness of a problem and how it affects people in the short- and long-term; (2) accounting for the severity of the problem and how long it will take for the problem to be resolved, so as to not aggravate the situation further; and (3) focusing on the potential of the problem to grow and worsen. These features of the GUT Matrix make it specifically relevant for application in a pandemic scenario, which exhibits time-sensitive, critical issues that must be effectively addressed. Hence, it is not only crucial to support to the judgment stage of the decision-making process, but also to enhance the decision itself by robustly recognizing the problem and diagnosing the situation. Moreover, reliable data which supports the elaboration and analysis of the propositions should also be used in order to generate recommendations. This would enable the identification of a potential structure that could make “unstructured decisions” [41].



In addition to the GUT proposition, and based on a previous study [42], five criteria were identified as being relevant for the assessment of the COVID-19 emergency: (1) Gravity; (2) Urgency; (3) Trend; (4) Amplitude; and (5) Impact. The reason for including two new parameters in the GUT framework was to obtain a more comprehensive decision support framework. The design science approach adopted by the researchers, including their interactions with a multitude of stakeholders, allowed us to capture multiple dimensions for evaluation in pandemic scenarios; therefore, a new parameter was discussed, validated by stakeholders, and included to account for the spatial or geographical scope of the analyzed problem (the diffusion of COVID-19 in cities and regions). Moreover, one parameter was integrated in order to address the scale and scope of the impact caused by the outbreak (which is a relevant aspect of network analysis).



The Gravity criterion refers to the saturation of beds, with particular reference to the number of ICU (Intensive Care Unit) COVID-19 beds available in the public and private health systems, and the percentage of beds that were occupied. COVID-19, in its most severe forms, requires treatment in ICUs for a period of 15 to 21 days; this causes a slow rotation of beds. It is thus crucial to monitor the occupation rate to prevent saturation and to develop more effective preventive measures while enhancing the system’s operational capacity. The Urgency criterion considers the growth of confirmed and suspected cases. This can, in turn, increase the occupation of clinical beds. This criterion is thus crucial for ascertaining a preliminary view of the situation. Knowing the occupancy rate of clinical beds allows us to monitor the progress of the disease and the stress on ICU facilities; thus, it indicates the urgency with which actions need to be taken in order to inhibit the proliferation of the disease. The Trend criterion refers to a growth rate, which assesses the total number of new confirmed cases in the last seven days, as compared with the total number of cases from the previous seven days. This criterion is important for evaluating the number of infected people, the spread of the disease, and the capacity to detect them.



The Amplitude criterion aims to analyze contamination in terms of potent diffusion in the surrounding regions. Based on such evidence, a number of actions may be taken, such as alerts and guidelines for the population, travel limitations, and the activation of specific monitoring plans. Finally, Impact refers to the relation between the number of deaths and the number of confirmed cases. Although the lethality rate is not an accurate measure of the real impact of the disease as it offers a ‘late’ view of the problem, it shows the speed of viral transmission, and it indicates possible issues in the healthcare system. In addition, the lethality parameter adds value to the decision support system in that a high number of deaths are not desirable in a healthcare system, and it can also have negative effects on the physical and mental health of healthcare professionals. Figure 3 summarizes the Gravity, Urgency, Trend, Amplitude, and Impact criteria, and the associated key indicators.



In order to quantify the four criteria, the value of the related indicators were obtained from the different information systems that have been adopted in the Brazilian healthcare management process. Figure 4 shows the architecture of the governmental information sources and systems (with related links) that were integrated into a comprehensive information platform (Boavista). The integrated platform provides data related to many different indicators that are needed to measure GUTAI criteria and to obtain five critical “indexes” as well as an aggregated GUTAI Index.



The GUTAI Index is a weighted average of the five measures associated with the identified GUTAI criteria (Gravity, Urgency, Trend, Amplitude, and Impact). It represents a synthetic value that is useful for the governance of a region or territory. The interpretation of the Index should take into account the peculiarities of the socio-demographic and epidemiological context, and it should look at the five determinants of the single synthetic value to understand the most urgent and critical aspects that require management (e.g., high lethality rate, saturation of ICU beds, etc.).




5. GUTAI Matrix Building and Integrated System Development


The health management process was studied to identify relevant information sources and systems, and to define key indicators and criteria for assessing the status of an emergency. The next step was the operationalization of those criteria; this was achieved by defining a measurement scale and a number of policy implications derived from that scale. The scale’s values were defined by the Brazilian Intensive Medicine Association [43], and they were based on international standards that were generated as a result of, and in accordance with, the impact of the pandemic in countries such as Italy and Spain. In our study, the standards suggested by BIMA (2020) were considered for use in the Brazilian context; here, we assessed the parameters defined by the state of Santa Catarina. Table 2 reports the findings of the GUTAI Matrix (i.e., the five criteria with their associated respective indicators, along with a five-level measurement scale).



In order to support and prioritize governance decisions, the five-level scale was translated into specific emergency management recommendations. In particular, the five-level scale allows us to determine numerical values for the five GUTAI criteria and to determine the aggregated GUTAI Index; therefore, the Index, which is a weighted average of the five values, can range from 1 to 5, thus implying different levels of emergency management and response strategies/priorities.



If the Index is at level 1, a Planning recommendation can be formulated, as there is still time to plan proper response strategies and actions. At level 2, Situation Control, the disease is advancing, and emergency metrics should be carefully monitored. At level 3, Attention, the emergency is worsening, and attention is required to manage the effects of the outbreak. At level 4, Quick Action, the situation is worsening, and fast decisions and effective measures are required. Finally, at level 5, Decision, the situation is serious and potentially out of control, and thus, urgent decisions need to be made. As the level increases, the actions needed to improve the operational capacity of the healthcare system require a higher priority in order to address the physical and mental health of emergency professionals; moreover, they are also required so that restrictive measures can be applied to control the spread of COVID-19. Strategies can range from different types of quarantine, social isolation, conduct guidelines, and suspensions of activities (lockdown).



Although this preliminary development effort should be the focus of future research, a prototypal web platform was drafted to support regional governance through a user-friendly graphical interface that is able to provide real time data by city, by date, and by GUTAI criteria (a submenu shows Gravity, Urgency, Trend, Amplitude, and Impact data). The prototype aims to provide different functionalities. First, the platform would offer a multi-criteria analysis of GUTAI parameters and their impact on the final GUTAI Index. The platform shows the value of the five parameters in terms of the defined unit of analysis (e.g., a city), and it illustrates the extent of the impact that each parameter has on the aggregated GUTAI value. Second, the system could provide decision makers with a recommendation tool that is able to outline suggested actions that should be prioritized, based on the obtained value of the Index. Specific types of actions are thus associated with specific ranges of the GUTAI Index. Finally, the system is intended to include a simulator function that is useful for estimating the multi-dimensional impact of given policy actions (e.g., suspension of commercial activities) on the aggregated Index and on single parameters.



Figure 5 shows the interface of the web platform. It is important to note that the focus of the research process (and of this article) should be on the activity of designing and building a method to support the decision-making process. The design and development of the prototypal platform, which can operationalize the method in this paper, is thus an additional finding of this paper; moreover, it should be the specific object of further research.



We applied the GUTAI Matrix, and the system for validation, to the Municipal Health Department of Joinville (see Figure 6), which is the largest municipality in the state of Santa Catarina. Located in the northern region of the country, Santa Catarina has a UNDP Human Development Index (HDI) of 0.808 (in 2017), the third highest in Brazil after the Federal District and São Paulo. Key information on COVID-19 was obtained from the Health Secretariat of Joinville and the Secretariat of Health of the State of Santa Catarina. Data were also directly gathered from the management information systems of hospitals and clinics, and they were processed by the Computer Center of the State of Santa Catarina using the Boavista platform. The application of the Matrix was conducted using data from 31 May 2020.



The set of recommended measures for the levels “Planning” and “Control” can be categorized as relating to “Quarantine 1” or “Quarantine 2”. “Quarantine 1” implies that, although the infection is still limited, a pandemic committee should be gathered and a prevention plan is required, especially if suspected or proven cases have been identified in the municipality or the surrounding area. Cases should be isolated during the virus incubation time (14 days for COVID-19) in their own residence, in accommodations provided by the State, or specific health units should be provided to ensure effective isolation. “Quarantine 2” implies that COVID-19 is not yet overloading the health system. In addition to the first stage, the management health system and processes should be further checked and strengthened; remote working is recommended, face-to-face classes and major events should be suspended, and public transportation should be limited to 50% of its capacity. Individuals are required to wear protection masks and to keep a distance of 2 m.



The set of recommended measures for the levels “Attention” and “Quick Actions” can be labelled as “Social Distancing” and “Temporary Social Isolation”. “Social Distancing” is justified by the fact the pandemic is in the municipality area, and there is a serious risk of accelerating contamination. The most critical urban areas should be immediately identified, and the control of social behavior should be intensified. In addition to the suggested measures in the previous stages, recommendations include the prohibition of agglomerations, meetings, and physical events/celebrations. Finally, “Temporary Social Isolation” should be required if there are serious risks of the disease exponentially spreading. In this case, for activities in which it is not possible to ensure social distancing, they should be suspended. Moreover, commercial, industrial, and service-based activities should be interrupted, except for those considered essential for the public good (e.g., food production and delivery). Institutional communication should be intensified to increase public awareness of the state of emergency, and specific attention should be dedicated to protecting the physical and mental wellbeing of health professionals.



Infection restriction measures were based on general protocols defined by most local regions and from countries across the world; however, the adoption of the Matrix provided the referents of Joinville with an evidence-based tool to better inform decisions and actions. Further research will have to provide new forms of validation methods (including experiments). The current version of the framework is based on expert group modelling and multiple sources, and thus, from this perspective, it can have a distinctive value. The distinctive findings and insights generated from this study are discussed in the following section, both in terms of theory contribution, and in terms of practitioner value.




6. Discussion and Conclusions


In this article, we have presented an articulate research process that is aimed at developing a method and tool to support emergency assessments and services by using the COVID-19 scenario in Brazil. The main assumption of this study is that the implementation of effective responses during a large-scale emergency require appropriate information gathering and priority assessment processes and tools. In particular, the design of multi-dimensional evaluation methods is crucial, especially in large countries that are characterized by the presence of multiple levels of authority and regional governance. This study provides a number of implications in terms of theory and for practitioners, which are described in the next sections.



6.1. Theory Contributions


The complexity of emergency management requires effective coordination and the development of evidence-based tools that are able to support decisions and actions taken by a multitude of policy makers and emergency actors [11,12]. Information management is crucial for emergency management, and this was also true of the COVID-19 pandemic in Brazil. Successful control over the pandemic depends on effective and integrated leadership at different levels; the lack of studies on the application of multi-level governance during a pandemic indicates the need for further research [14].



The interest in emergency management has strongly increased in recent years; this is a consequence of the COVID-19 outbreak, which has triggered a global movement among academics and practitioners to define more effective approaches and methods that can handle such emergency scenarios. This paper makes the following contribution: it develops the process of information gathering, and thus, it contributes to the development of decision support systems, which are aimed at streamlining or supporting emergency response systems [10]. The developed approach has recently been advocated in the literature as being critical for emergency and epidemic management (e.g., [33,34,37]).



Response actions and policies adopted by global governments to address the pandemic have ranged from soft to draconian [1,2,3], and they have included a range of “techno-driven” and “human-driven” approaches [4]; however, the presence of different levels of governance and multiple perspectives drive the need to define multi-dimensional criteria to assess the status of the emergency, and such criteria should be used to support decision making at the local and regional levels, which includes the potential use of adaptive governance strategies and decentralized decision-making (e.g., [28]).



Regardless of the response strategy, gathering appropriate information and emergency status assessment methods are required to provide health and emergency managers with the critical intelligence needed to orient decisions and actions. In this article, we have presented a stakeholder-driven analysis of how pressures on local authorities and multilevel governance increase the complexity of the emergency in terms of standardizing measures and coordinating responses. The extent to which it is possible to tackle and recover from the pandemic is based on the capacity of governance systems to consider the diverse actors that are involved at multiple levels; moreover, the complexity and diversity of actions required to generate effective results must also be accounted for [23]. Regarding the case of Brazil, the results provide food for thought in terms of the academic discussion concerning complex emergencies and how they can be effectively addressed with large institutional and governmental endeavors that use purposeful analytical information systems.



Another academic contribution of this paper concerns the facilitation of interactions between stakeholders which aim to make better decisions for the public good. Emergencies are able to cause extensive damage, and they might involve multiple actors. Particularly in large, federal states, central governments co-exist with many regional authorities and non-governmental actors, which have different interests and needs. Multilevel governance comprises actors located at different levels, and they are invited to interact collaboratively for the common good [20]; thus, this approach can provide a basis for addressing critical scenarios.



This study has shown the development of an evidence-based methodology, and it has application for assessing the pandemic emergency in Brazil. It focuses on finding a method for assessing emergencies and defining recommendations for operators. The background analysis and development of a methodology, which is central to the GUTAI project, has allowed us to gather new knowledge on the open approaches to decision support based on heterogeneous stakeholder participation and multi-actor involvement. Different strategies and methods have been proposed in the literature to facilitate a shared understanding of complex structures and relationships that determine the behavior of a given system. One relevant approach is represented by group model building (e.g., [44,45,46]), which is a participatory approach to understanding problems. It increases engagement in systems-based thinking, and it develops a consensus for action among a diverse group of stakeholders. In light of this, the GUTAI approach thus provides new insights into the relevance of collaborative planning and multi-stakeholder engagement; it provides more robust approaches that can be adopted by policy makers, emergency actors, and agencies at different levels of governance.




6.2. Practitioner Implications


Numerical results are not a specific outcome of this paper, but rather, a practitioner-based development in the methodology, and a preliminary application/validation of the methodology is required in selected regions/cases. The main practitioner-based aims of our article are represented by emergency managers, responders, and policy makers. The utility of the proposed framework can be envisioned in accordance with a number of applicative avenues. Moreover, it is a model that can be further elaborated upon, and it can adapt to different situations, as follows: (1) refining the decision-making model and structuring the details of the decisions and outcomes; and (2) the model can be applied to non-pandemic situations, which would verify its potential for generalization.



The developed GUTAI Matrix provides a practical tool that can support emergency governance based on a multi-criteria analysis of the emergency, using the following criteria: gravity, urgency, trend, amplitude, and impact. The continuous acquisition of rich and reliable information is essential to health surveillance; hence, the information architecture that the GUTAI Matrix is based on comprises multiple government and healthcare information systems. These systems are integrated in order to provide a holistic assessment of the health system’s ability to absorb and recover from the outbreak. Integrating resilience-based ideas into disease control and prevention can prompt governments to make more proactive and comprehensive decisions in order to protect the health of communities [47].



The approach and the tool presented in this article represent an attempt to give health managers and policy makers a tool that (if validated by the central government) may provide a way to standardize information collection and processing; moreover, it provides a set of proper response guidelines. The systems-based approach to analysis can support the development of decisions and control tools for policymakers in pandemic scenarios, and the assessment method can be adopted for use in other emergency management scenarios and contexts.



Systems analysis and systems-based strategies have great potential for addressing critical global issues, and they can also guide policy decisions by drawing on innovative methodologies, models, and tools. Although the established approaches to analysis and policy are heavily based on the separation of complex realities into specialized disciplines and views, systems-based approaches offer a more-integrated perspective and a number of proven concepts, tools, and methods that can improve our understanding of complex systemic issues [48]. The use of multi-dimensional and multi-stakeholder discussions is in line with a new open approach to developing public policies; for instance, it has been undertaken in the UK government initiative, UK Policy Lab (https://openpolicy.blog.gov.uk/what-is-open-policy-making/ (accessed on 1 February, 2023)).



The GUTAI Matrix and the research process were created to provide guidelines for practitioners; thus, they represent an interesting example of a collective intelligence exercise conducted in Brazil. This practitioner-led case is useful for the design of, and conducting, additional initiatives that can be applied to similar problematic scenarios that are based on the adoption of a systems-based approach that can identify the dimensions of evaluation and contributing stakeholders. The framework development process took a large number of dimensions and elements of investigation into account; moreover, it aimed to leverage a multi-stakeholder and collective intelligence approach. Such an approach represents an interesting and replicable example of a public-led exercise which can analyze societal problems; this approach aims to develop a more robust definition and comprehensive identification of evaluative parameters. This study also contributes to the investigation of the importance of cross-agency networking and information accessibility, which can affect the efficiency of emergency collaborations [49].




6.3. Concluding Remarks


Information management and emergency assessments were central to the COVID-19 emergency; in particular, it fueled and facilitated the response to the pandemic, which affected a wide range of stakeholders [13]. Although the GUTAI Matrix does not provide prescriptive indications, the priority assessment approach and the matrix can be useful for supporting emergency management in a multi-level governance setting. Moreover, the feedback obtained from Brazilian authorities was positive, and the tool was considered a relevant asset for analyzing data concerning the pandemic crisis. In the words of the health secretary of Joinville, Mr. Jean Rodrigues da Silva, “the GUTAI Matrix allows [us] to standardize and provide greater transparency [on the pandemic] so that everyone…know[s] where the pandemic is heading. Based on the analyzed criteria and indicators, the governance of the municipality can open or loosen social distancing and sanitary measures, [depending on how] the spread of the new coronavirus behaves”.



This study is not without limitations. First, the GUTAI Matrix is not an epidemiological model, but rather, a tool to support decision-making and emergency responses. Although the presented approach is not directly based on epidemiological models, the GUTAI Matrix can provide a complementary contribution in that it represents an integrative parameter classification and correlation framework, which can be enriched with purposeful models and health management data.



The developed tool is this not appropriate for cross-country comparative analyses, but it may be considered for interstate and inter-municipal comparisons. Second, although the five GUTAI criteria can be considered for the control of the COVID-19 disease in the analyzed territory, they rely on access to qualified data, the process of adaptation (e.g., weights for the criteria), and the integration of new indicators and metrics which become available in successive phases. The potential for the generalization of the defined approach in other geographic contexts and emergency management scenarios should be evaluated based on the identification of more general requirements (valid for every context and emergency management scenario), and specific requirements or conditions which apply to peculiar situations. The validation of this approach thus represents a core direction for future research; it also indicates that the application of this model may be extended to other experimental contexts.
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Figure 1. Steps of the design science research process. 
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Figure 2. Activities involved in the macro-process of the healthcare management system. 
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Figure 3. GUTAI criteria and related indicators. 
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Figure 4. Architecture of information systems, indicators, criteria, and indexes. 
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Figure 5. Prototypal web platform of the GUTAI COVID-19 system. 
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Figure 6. Application of the GUTAI Matrix to the municipality of Joinville. 
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Table 1. Actors involved in building the model and their main role/contribution.
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	Actor (Alphabetical Order)
	Main Role/Contribution





	Aquarela Advanced Analytics and Data Science Brigade
	Expertise on data analytics



	Center for Informatics and Automation of S. Catarina (CIASC)
	Expertise on data processing



	Central Public Health Laboratory (LACEN)
	Pandemic/epidemiology data



	Council of Secretaries Municipal Health Councils (COSEMS)
	Pandemic/epidemiology data



	ENGIN/EGC/UFSC Researchers
	Study design/implementation



	Government of Santa Catarina
	Overall regulations and policy



	Joinville Municipal Health Secretariat
	Methodology test and piloting



	Mathematical Modeling Team
	Consulting on parameters/modeling



	Santa Catarina Court of Justice (TJSC)
	Security/social data and policies



	Santa Catarina Medical Association (ACM)
	Health data and policies



	Santa Catarina Public Ministry (MPSC)
	Security/social data and policies



	Secretariat of State of Health (SES)
	Health data and policies



	Social Good Brazil (SGB)
	Social-related information



	State Secretariat of Administration (SEA)
	Demographic and market data



	State Secretariat of Finance (SEF)
	Demographic and market data



	State Secretariat of Public Security (SSP)
	Security data and policies
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Table 2. GUTAI Matrix with criteria, indicators, and measurement scales for COVID-19.
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Criteria

	
Severity

	
Urgency

	
Trend

	
Amplitude

	
Impact




	
Indicators

	
ICU Bed Occupation

	
Cases

COVID-19

	
Growth of New Confirmed Cases

	
Territorial Development of Infection

	
Mortality Rate






	
SCALES

	
5

	
Very High

>80%

	
Very High

>80%

	
Very High

>2%

	
Very High

>80.000

	
Very High

>6%




	
4

	
High

>50% to 80%

	
High

>50% to 80%

	
High

>1.5% to 2%

	
High

>60.000 to 80.000

	
High

>4% to 6%




	
3

	
Average

>35% to 50%

	
Average

>35% to 50%

	
Average

>1% to 1.5%

	
Average

>40.000 to 60.000

	
Average

>2% to 4%




	
2

	
Normal

>10% to 35%

	
Normal

>10% to 35%

	
Normal

>0.5% to 1%

	
Normal

>20.000 to 40.000

	
Normal

>0% to 2%




	
1

	
Low

to 10%

	
Low

to 10%

	
Low

to 0.5%

	
Low

To 20.000

	
Low

to 0.9%
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