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ABSTRACT 

Crisis Management (CM) refers to the ability to deal with crisis tasks in different phases and iterations. People 
working in a crisis are generally under pressure to make the right decision at the right time. They must process 
large amounts of data and assimilate the received information in an intuitive way. Visual Analytics (VA) is 

potentially useful to analyze and understand the huge amount of data in several areas including in a crisis. We 
propose a model based on VA to support decision-making in CM. The aim of the model is to help visualization 
designers to create effective VA interfaces, to help crisis managers to make quick and assertive decisions with 
them. In previous studies, we carried out a survey protocol with a multi-method approach to collect data on crisis 
related decision-making and analyze all these data qualitatively with formal techniques during the large events 

held in Brazil in recent years. In this work, we used our previous findings to develop the proposed model. We 
validated it using the focus group technique. With the new findings, we identified relevant insights on the use of 
VA for crisis management. We hope that, with these continuous cycles of validation and improvement, the 
agencies that manage crises might use our model as a reference for building more effective IT decision-making 
infrastructures based on VA. 
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INTRODUCTION 

Crises have very complex and dynamic contexts where the response process should suit unforeseen situations 
without causing social harm or jeopardizing people's lives (ESRI, 2009). Examples of crises that greatly stimulated 
research interest in this area were the attacks of September 11, 2001 and Hurricane Katrina in 2005 both in the 
United States. More recently, the hurricanes Harvey, Irma and Maria and a sequence of terrorist attacks in 

European cities, mass shootings in the U.S. among others, have reinforced the interest in this area. Crisis 
management (CM) refers to the ability to deal with crisis tasks in all their phases and iterations. In general, this is 
done by multiple government agencies, which do not work together routinely. These agencies usually use the 
doctrine of Command and Control (C2) to help in the coordination of activities (Turoff et al., 2004). C2 is the 
exercise of authority and direction by a properly designated commanding officer over assigned resources in the 

accomplishment of a common goal (Builder et al., 1999). 

CM varies because the context, events and humans involved are never the same from one crisis to another. Each 

management task requires many different types of information about the incident from several sources (Turoff et 
al., 2004), such as information systems, external proprietary databases, resources in the field, internet of things 
sensors, social media and other open source media. Nowadays, C2s are equipped with breakthrough technologies, 
especially visual systems, such as the latest generation mobile phones, tabletops, video walls and e-caves (Dusse 
et al., 2016). This union of data sources and novel technologies provides C2 with huge amounts of information of 

great heterogeneity. 

Decision making during a crisis requires having the right information, provided in the right way, to the right 
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people, at the right time. While managers working in a crisis are generally under stress, they must make effective 
and agile decisions. Having reliable and up-to-date information is essential in order to help in the making of such 
decisions (Yates and Paquette, 2010). Crisis managers need to assimilate the received information in an intuitive 

way and the information needs to be adaptable in the context of the current crisis. In addition, if the information 
is not presented in effective ways, it can be hard to analyze, or in the worst case, it can be misinterpreted.  

Literature shows that suitable information visualization techniques improve the understanding of crisis 
information (Bosch et al., 2013; Ciolkowski et al., 2003; Thom et al., 2012). Recently, researchers have been 
using Visual Analytics (VA) to support understanding in this subject (Andrienko et al., 2007; Chae et al., 2014; 

Ciravegna et al., 2019; Marbouti et al., 2017; Tomaszewski and MacEachren, 2012). As CM, VA is a 
multidisciplinary area that combines management sciences, social sciences and computer sciences. VA is 
potentially useful for understanding the huge amount of information produced in a crisis (Keim et al., 2008).  

This paper extends our previous studies, in which we presented the data collection from the literature and in-vivo 
studies such as ethnographies and interviews (Dusse et al., 2018) and analyze these data qualitatively with formal 

techniques such as coding and focus group (Dusse et al., 2019). In this present work, we used our previous findings 
to develop a model. The main objective of this model is to use VA to enhance decision-making in CM. This 
research trilogy is part of a broader work in which the research question is “What aspects of visualizations are 
under-exploited in supporting decision-making in Crisis Management?” 

We found in our previous studies that the full potential of VA is not being applied in the state-of-the-art and state-

of-the-practice of the CM domain. In this present work, we introduce new insights gained from crisis managers 
to introduce our model and direct us to future work. We argue that researchers and practitioners do not pay due 
attention to key themes that they should be aware of and incorporate into visualization tools. We hope that, after 
future cycles of validations and improvements, the agencies that manage crises might use our model as a reference 

for building more effective IT decision-making infrastructures based on VA. 

The rest of the paper is structured as follows. In the following section, we present some related works and then 
the research methodology used in this work. We then describe the proposed model. Next, we discuss the lessons 
learned and contributions achieved in this research. Lastly, we summarize our conclusions and we suggest future 
research directions. 

RELATED WORKS 

Crisis policymakers recommend the use of local-based information (e.g. demographic density, building materials, 
city structures); the use of social technologies (e.g. social media, crowdsourcing); and hazard-monitoring systems 

(e.g. satellite remote sensing, climate sensors, suspected terrorists) for crisis risk reduction (Horita et al., 2013; 
Turoff et al., 2004). These, in turn, increase the volume and heterogeneity of the available information, causing 
problems in the completeness and timely analysis of this information. We identified some works in the literature 
that address these problems by using VA in their approaches (Andrienko et al., 2007; Chae et al., 2014; Ciravegna 
et al., 2019; Tomaszewski and MacEachren, 2012).  

VA is more than just information visualization. It is the science of analytical reasoning facilitated by highly 
interactive visual interfaces. It can be seen rather as an integral approach to decision-making, combining 

visualization, human behaviors and data management (Keim et al., 2008). In Andrienko et al., 2007, the authors 
designed a suite of tools to support transportation-planning tasks such as crisis evacuation. The transportation 
schedule is a complex construct involving heterogeneous objects with states and positions varying in time. The 
tools used genetic algorithm with VA techniques such as interactive visualizations. In Tomaszewski and 

MacEachren (2012), the authors present visual interfaces to construct and represent geographical and historical 
context in CM and humanitarian relief. They implemented geovisual analytics tools that support document 
foraging and sense making to construct the geo-historical context. In Chae et al. (2014), the authors analyze social 
media data, with an interactive spatiotemporal VA and spatial decision support environment to assist in evacuation 
planning. They demonstrated how to improve investigation by analyzing the extracted public behavior responses 

from social media before, during and after natural crises. Their approach focuses on identifying the whereabouts 
and movements of people in order to understand mass behavior. In Ciravegna et al., 2019, the authors developed 
a VA platform that enables the identification of mobility patterns from large-scale GPS data traces. This platform 
allows decision makers to understand mobility patterns before, during and after crises to devise strategies for 
evacuations, to facilitate fast, flexible and effective response and recovery and to gauge the level of recovery and 

return to normality. 

Analyzing the state-of-the-art, we have concluded that the current works have generated excellent results, but in 

limited scopes and in specific CM contexts. Researchers and practitioners are using the visualizations for specific 
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activities such as, e.g. evacuation plan, humanitarian relief, and mobility understanding. The state-of-the-art may 
eventually derive general principles of information requirements, but the literature provides a limited basis for 
doing so at this point. Crisis managers require a multi-context visualization approach because they deal with crises 

regardless of cause, size, location, or complexity. 

RESEARCH METHODOLOGY 

This work originated from three sources: i) the Brazil-European Union Rescuer Project (Villela et al., 2014), ii) a 
partnership that we have with the Public Security Secretariat of the State of Bahia (SSP-BA, in Portuguese) and, 
iii) the large events that have taken place in recent years in Brazil, namely the 2014 Soccer World Cup, the 2016 
Olympics Games and 2019 Soccer America Cup. Below, we explain how this came about. First, we describe the 

context in which this work is inserted in ‘Background Information’, then the methods we used for data collection 
and finally the methods we used for data analysis. We published three studies during this process (Dusse et al., 
2016, Dusse et al., 2018 and Dusse et al., 2019). Figure 4 summarizes all the stages of our broader work. 

Background Information 

From 2014 to 2016, we collaborated as coworkers in the Fraunhofer Project Center for Software and Systems 
Engineering at Federal University of Bahia (UFBA, in Portuguese)1 with other Brazilian and European institutions 

in the scope of the RESCUER Project2. The RESCUER project involved developing a smart and interoperable 
computer platform for using crowdsourcing information mashed up with open data to support CM. In the scope 
of RESCUER, we decided to carry out a Systematic Mapping Study on how information visualization is applied 
in CM (Dusse et al., 2016). We aimed to understand this area from literature reviews and visiting C2 centers in 
Brazil and Europe. Our goal was to find gaps and trends in the area. 

Due to our partnership with SSP-BA, we had access to their Intelligence and Operation Center (COI, in 
Portuguese). Located in the city of Salvador, in the state of Bahia in Brazil, COI was created in 2016, taking the 
place of the former Regional Command and Control Integrating Center (CICCR-BA, in Portuguese). Previously 
in 2011, the Federal Government of Brazil created the Secretariat of Security for Large Events (SESGE, in 
Portuguese), which is a branch of the Brazilian Ministry of Justice. The main purpose of SESGE is to coordinate 

the activities of the agencies involved in public security and civil defense during large events that have taken place 
in Brazil in recent years. In 2013, SESGE set up C2 centers in headquarter cities of large events. The old CICCR-
BA was one of these. In these centers, multi-agencies work together in the coordination and sharing of resources 
(human, equipment, software). 

Data Collection 

We carried out a survey protocol with a multi-method approach to collect data on visualization applied to CM. 

We have already published this survey in two previous studies: Dusse et al., 2016 and Dusse et al., 2018. 

In Dusse et al., 2016, we presented the results of a systematic mapping study. We identified gaps and trends in 
the data visualization applied in CM domain. One of these trends is the use of VA (Andrienko et al., 2007; Chae 
et al., 2014; Tomaszewski and MacEachren, 2012). We analyzed works that address VA in crises, which generated 
excellent results according to those authors.  

In Dusse et al., 2018, we explored the CM activities in COI and visited Brazilian and European C2 centers: 
Regional Command and Control Integrating Center of the State of Rio de Janeiro (CICCR-RJ, in Portuguese), 
Command Integration Center of the City of Porto Alegre (CEIC, in Portuguese), Defense Zone of the Paris Police 

Prefecture (DZPPP, in French). In 2019, we also visited the Military Emergency Unit in Valencia, Spain. Visiting 
several C2 centers was very useful to compare and map similarities and inconsistencies among them. Practitioners 
in C2 environments work under strict time constraints. The C2 centers work under a rigid schedule in a 
24/7/365(6)3 scheme. Therefore, we tried to explore the time spent on the visits the best way we could. We made 
observations through ethnography, we ran on-line questionnaires and we interviewed experienced crisis managers 

using a survey protocol. Our objective was always to investigate how practitioners use VA to support decision-
making in Crisis Management. Interviews and other collection methods were complementary to each other. In 
some situations, we identified an issue in an interview and were able to focus on this issue using other methods, 

 
1 http://www.fpc.ufba.br 
2 http://www.rescuer-project.org/ 
3 24 hours per day, seven days per week, 365 days per year or 366 in leap years 
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and, at another time, we obtained data through literature or observations and had the opportunity to go deeper 
while interviewing. We compared, crosschecked and triangulated the gathered data. We concluded that the full 
potential of VA is not being applied in the state-of-the-art and state-of-the-practice of CM domain. 

Data Analysis 

In our previous study (Dusse et al., 2019), we carried out qualitative analysis on the data collected during the 
interviews, ethnography and questionnaires. We used the coding technique (Saldaña, 2015) to understand the main 
themes to be aware of and incorporate these into visualization tools. The coding allowed us to perform a thematic 
synthesis, identifying patterns in excerpts of text, clustering them into categories, which in turn we clustered into 
themes. We found that practitioners and researchers are neglecting important themes that need to be represented 

in visualizations tools for decision-making (e.g. information about crisis context, processes and human behavior). 

In this present paper, we report on the continuation of these previous studies, specifically detailing the 
development of a model and its validation. In the next section, we shall explain how we derived the analyzed data 
into a VA based model. 

VISUAL ANALYTICS BASED MODEL 

A model is an abstraction of reality that describe the relevant elements of a situation and the interactions between 

them. Modeling is an important tool to represent or simulate a reality through objects, flows or words because it 
summarizes the most relevant effects and relationships of a situation. A model is based on a small number of 
unifying concepts and may be used as a basis for exercising to non-specialists. Models are not directly tied to any 
standards, technologies or other concrete implementation details, but they seek to provide a common semantics 
that can be used unambiguously across and between different implementations (MacKenzie et al., 2006). 

Regarding the modeling concepts discussed above and the results of our research so far, we propose a model 
which – regardless of standards, technologies and stakeholders, and the type, size and complexity of the crisis – 
may help crisis managers to make decisions quickly and assertively. As we mentioned in previous sections, we 
carried out studies to understand the main themes that should be incorporated into visualization tools (Dusse et 
al., 2019). We found that six themes are crucial: Context, Human-Behavior, Processes, Decision-Making, Data-

Management (DAT) and Information-Visualization (INF). Thus, the model is not based on our own interpretation 
and intuition. It is based on a strong theoretical foundation acquired through a strict investigation carried out in 
C2 Centers around the world in recent years. 

We used a bottom-up strategy to develop our model. First, we set up the arrangement of the themes based on our 
analysis. Then, we represented the themes and their relationships with geometric shapes, spatial position (in a 

bidimensional plane) and directional edges. We colored and changed the form of the edge lines because they have 
different semantics, as we shall explain below. Figure 1 represents a subset of the proposed model. It shows 
visualization needs in terms of the identified themes of one specific crisis.  

 

Figure 1: Theme modeling for a crisis: subset of the Model. 

 

In Figure 1, the outer square is a given CRISIS ‘n’ to be managed. Within it, there are the six themes and their 
relationships. From bottom up, the first theme is CONTEXT (gray cloud); as the name suggests it represents the 

context of the CM. The next theme is HUMAN-BEHAVIOR (orange trapezoid); in our model the human behavior 
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is the basis of the theme PROCESSES (yellow ellipse), which are the process of the CM executed by humans. 
Within PROCESSES, our model represents three processes DAT – data management (blue rectangle), INF – 
information visualization (pink rectangle) and DECISION-MAKING (green rectangle) themes. Therefore, one can 

say that DAT, INF and DECISION-MAKING themes are a subset of the theme PROCESSES. In addition to these 
three processes, there are several other processes in CM that are not within our scope. 

The CONTEXT theme always interacts with the PROCESSES. In the real world, the context defines which process 
will be executed and how they will be executed. The red and green edges represent these interactions between the 
CM context and CM processes. The green edge is the inputs of the context that influence the way the processes 

will be done. In addition, the red edge denotes the outputs (results) of the processes that change the context. 

The shape of HUMAN-BEHAVIOR theme is a trapezoid to draw on a metaphor of a pyramid base. Our intention 
is to show that the HUMAN-BEHAVIOR theme supports the way the decision makers behave, i.e. the way they 
think and reason to act, or to react. We highlighted this interaction with a blue edge. 

In spite of there being no edges between CONTEXT and HUMAN-BEHAVIOR themes, it is not true to say that 

there is no interaction among them in our model. The fact is that we made a design decision about the arrangement 
of the CONTEXT theme. We decided to represent the context in cloud format and, in the early versions of the 
model, the outer square, which represents the crisis, was within the cloud, as we can see in Figure 2. In our vision, 
at that moment, all the elements of our model, including the crisis itself, was a subset of the CONTEXT theme. In 
previous validations of the model, many practitioners have suggested changing this way of representing the 

context and designing the context as a subset of the crisis, and not the opposite. The aim is to highlight the element 
CRISIS and improve the visibility of the other elements. Therefore, even implicitly, we consider that the context 
influences the human behavior, e.g. decisions maker behavior may change in widespread panic. 

 

Figure 2: Earlier version of the model: Crisis within Context. 

 

Let us now focus on having a model for many crises, and introduce the external elements shown in Figure 3. The 
VISUAL ANALYTICS is a “stable” binding element that interacts with all six themes in each crisis, for obvious 

reasons: VA is the basis of our model. VISUAL ANALYTICS pass through CONTEXT, HUMAN-BEHAVIOR, 
PROCESSES, DECISION-MAKING, DAT and INF themes. The purple dashed edges represent these interactions. 
The visualizations follow the VA concepts and are adapted depending on several aspects; for example, 
management sciences (context, processes management), social sciences (human behavior theory and decision-
making theory) and computer sciences (data management and information visualization). As we mentioned in the 

Introduction, VA is a multidisciplinary area that combines management sciences, social sciences and computer 
sciences. The concepts and techniques of VA will provide the guidelines to develop the CM visualizations 
interface. For now, it is difficult to illustrate how this is done with concrete VA implementations; our work has 
not gone that far. We believe that due to the state-of-art of VA plus our intuition that the interaction between VA 
with the main themes is the right direction to tackle the problems that we identify. Naturally, we need a theoretical 

foundation for this, the subject of future work.   

The other important external element is the C2 DOCTRINE. We believe that decisions made with the support of 
our model have the potential to improve the C2 Doctrine. We consider that our model can encourage new research 
in the CM area and in turn in C2 Doctrine. Specialists in CM may evaluate a set of decisions made in a set of n 
crises and may propose changes and improvements in the C2 Doctrine. The brown dotted edges represent these 

interactions among DECISION-MAKING theme with C2 DOCTRINE external element. 
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Figure 3: Visual Analytics Model for n crises. 

VALIDATING THE MODEL 

We looked for domain specialists (crisis managers) to validate our model. We scheduled an adapted focus group4 

to mitigate our findings double-checking it with practitioners. We carried out the focus group session based on 
the guideline proposed by Sobreperez, (2008) and executed it following similar guidelines used in our previous 
study (Dusse et al., 2019). The focus group was semi-structured and guided by the fowling six open-ended 
questions.  

● Question 1 (Q1): Are any of the themes proposed in the model that you do not consider relevant? Please, 

explain your answer. 

● Question 2 (Q2): Are there any relevant themes that in your opinion are missing from the model? Which ones? 
Please, explain your answer. 

● Question 3 (Q3): In your opinion, are there any mistakes in the spatial position of the themes and their 
relationships? Please, explain your answer. 

● Question 4 (Q4): What do you think about the clarity, the completeness and the feasibility of the model? 

● Question 5 (Q5): Using a scale where 0 represents that the model must be completely redesigned and 5 for it 
is ready to be used in real crises, how do you rate the model? Please, explain your answer. 

● Question 6 (Q6): Do you have any other comments, recommendations or suggestions for improving the model? 

We held the focus group meeting on March 1st, 2019 at COI, during a large event called Carnival of Salvador5. 

We set up the meeting with two researchers and three specialists. One researcher played the role of moderator and 
the other one observer taking notes during the session. Two specialists participated in at least one of our previous 
studies as subjects (Specialist A and B) and the third specialist had not participated, until that moment, in our 
study (Specialist C).  

We previously arranged with Specialists A and B to be silent at the beginning, so Specialist C was the first to 

assess the model. It was the first contact of Specialist C with our study. Therefore, to mitigate bias, i.e. to mitigate 
that he just confirmed the opinions of Specialists A and B, we decided to do this. 

After a brief explanation of our goals and what we had done until that moment, we asked Specialist C if the model 

 
4 We invited more than ten specialists to participate in the focus groups. However, due to time restrictions only three participated. We plan in 

future works to do other focus groups with at least five participants. 

5 During carnival festivities, the city of Salvador holds for six days one the largest street parties on the planet. 

 https://en.wikipedia.org/wiki/Bahian_Carnival 
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is representative (Q1, Q2 and Q3). Specialist C suggested no improvements. For Q4, he agreed that our model is 
clear (i.e. easy to understand), complete (i.e. the themes cover all the necessary parts) and feasible (i.e. possible 
to apply). For Q5, he rated 5 which surprised us because in our point of view, at that moment, the model needed 

improvement. 

Then Specialists A and B also evaluated our model positively. They gave some compliments and queried some 
missing themes (Q2) but, after a brief discussion, everyone accepted that the six existing ones represented the 
themes they thought were missing (e.g., they missed a ‘Budget Constraints’ theme, however, they agreed that the 
CONTEXT theme covered this). 

In Q3, they suggested to change the spatial position of the CONTEXT theme as we said in the previous section 
(Figure 1 vs Figure 2). We accepted their suggestion and they agreed with the setting of red and green edges to 
represent the relationship between CONTEXT and PROCESS themes. 

About Q4, they said that some nuances were hard to understand at first sight. However, with our explanation, it 
became very clear (e.g. the intersection between the processes INF, DAT and DECISION-MAKING). They 

questioned why we did not use circles like a standard Venn diagram if the idea is to highlight their intersection. 
We said that circles would be fine however, the irregular rectangular shapes represent the hierarchy relationship 
of the three processes better. All said that the model is complete and feasible. 

Going back to Q1, we observed doubts they had regarding HUMAN-BEHAVIOR theme. The specialists thought 
that this theme was about the behavior of the victims of the crisis. We explained that in our survey, our results of 

the data analysis pointed to the need to highlight in the information visualization the behavior of the decision 
maker. We still observed some uncertainty in their minds and they added that it would be interesting to represent 
the behavior of the victims as well. As far as we remember, we did not find this issue in our investigations (data 
collection and data analysis). Although we agreed with them about the relevance of the behavior of the victims 

and we noted this issue to study in future work. 

Due to this, specialists A and B rated Q5 with a 3. They commented that their ideas were too operational and from 
their point of view, our model was more appropriate for Information Technology (IT) staff. Regarding Q6, 
Specialist A synthesizes in two opinions6. 

“The problems, nowadays, are dynamic. We need flexible actions, flexible tools, each case has its particularities, 
which cake recipes (simple solutions) do not solve. So I think that your model is complete and has the flexibility 
we need to operate in the various cases (crisis)” (Specialist A). 

“Nowadays we hear a lot about Open Media, Big Data, Business Intelligence, Machine Learning etc. However, 
we still use intuitive decision-making, we still use Word and Excel for sense making which is time consuming and 
outdated. I think that your research could help us to turn over this page and be more IT (modern, updated with 

new technologies)” (Specialist A).  

In addition, Specialist B concluded. 

“The current tools do not support effective actions to reduce response time or operational errors. I think it is the 
reason why there are so many negative opinions on this topic. I agree with him (with Specialist A). I think you 
are researching themes that we do not give due attention” (Specialist B). 

We did not restrict the discussions by the questions, they were open-ended, dynamic and we used some 
improvisations on the part of the interviewer within our scope of interest. We audio recorded all the session, 
transcribed them verbatim by listening and re-listening to the recordings. We also sent the session transcription to 
the specialists to review their positions in their own time (we did not receive any reviews or further feedback). 

We concluded that the focus groups helped to validate the model from the perspective of the crisis managers. 

However, we consider that we need more validations mainly from the perspective of the visualization designers. 
We discuss these results in more detail in the next section. 

DISCUSSION 

The use of empirical techniques based on the qualitative research approach enriched the results of our work. The 
partnership between domain specialists and us facilitated contact with them and helped in the execution of the 
activities. The tasks applied, such as document analysis, interviews, coding, designing and others, were not 

automated. It adds qualitative value to the results and decreases the possibility of errors. 

 
6 We used italic to copy the same words that the specialist used. Normal format between parentheses is the meaning of some expressions. 
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Figure 4 summarizes our work. We started collecting data from a multi-method approach such as literature, official 
documents and tools reviews, observations, interviews (Dusse et al., 2018). We selected text excerpts from the 
collected data and carried out its coding. We categorized the codes looking for patterns. We clustered the 

categories in six themes and we carried out a focus group (1) with domain specialists to validate the coding 
findings (Dusse et al., 2019). These steps led to the model development. We then carried out a second focus group 
(2), again with domain specialists, to validate our model and to identify directions on how to apply it. 

The focus group 2 provided us with relevant insights. First, we improved the design of our model based on the 
specialists’ comments. We changed some shapes and spatial positions of the elements. We believe that these 

changes mitigate the complexity and made the model clearer. Second, the specialists brought to light a discussion 
about human behavior. They agreed with the relevance of the behavior of the decision makers but asked about the 
behavior of the victims of the crisis. We shall incorporate this insight in our next work. Finally, the specialists 
said that our model is more targeted to IT staff. Initially we disagreed with this but later it made sense. We believe 
that to develop visualizations, the target audience is indeed system designers or developers. However, from our 

point of view, the crisis managers should ratify the visualization systems developed based on our model and can 
participate in the development phase of visual tools by providing and reviewing system requirements. We plan to 
validate our model with system developers in the future. 

The main result of our work is the Visual Analytics based model. We built a model with six themes (Context, 
Processes, Human Behavior, Data Management, Information Visualization and Decision-Making) that we 

found relevant to represent in visualizations. We were able to identify which themes are relevant in this area based 
on the knowledge of those who are familiar with the challenges and face them every day in practice: the crisis 
managers.  

Our model does not end on the elements explained above. Our model provides an overview of an entire system of 

information visualization not directly tied to any standard or technology. We are saying that to tackle the problem 
of making quick and assertive decisions based on relevant and up-to-date information in CM domain, the system 
needs information on the six themes we have identified. Concrete models may emerge based on standards or 
proprietary technologies to instantiate the themes. The instantiation of concrete models depends on the familiarity 
of the crisis managers with these concrete models. For example, CONTEXT theme could be instantiated by Feature 

Model (Kang et al., 1990) or by Ontologies (Gruber, 1993). As far as we are concerned, the instantiation of 
concrete models from our model is an open research area. 

Keep in mind that our data analysis identified the relevance of themes such as context, processes and human 
behavior, which are fundamental to decision-making, but are sometimes ignored in tool or solutions for CM. The 
lesson here is that researchers and practitioners do not always pay due attention to key themes that they should be 

aware of and incorporate into CM tools. Therefore, we now believe that tackling information overload is necessary 
but not sufficient to contribute effectively in this research area. We need to tackle another problem that we call 
non-dedicated information (e.g. information about crisis context, processes and human behavior). 

With our results in hand, we believe that information visualization is necessary but insufficient to tackle both 
problems. During our research, we also identified gaps and trends in the area. One of these trends is the use of 

Visual Analytics (VA). We found works in the literature, which addressed VA in crisis contexts that, according 
to the authors, generated excellent results (Andrienko et al., 2007; Chae et al., 2014; Ciravegna et al., 2019; 
Tomaszewski and MacEachren, 2012). VA enables people to detect the expected and discover the unexpected 
(Cook and Thomas, 2008). Keim et al. (2008) adjusted Shneiderman’s mantra (Shneiderman, 1996) from 
“Overview first, Zoom, Filter and Details on demand” to “Analyze first, Show the Important, Zoom, Filter and 
Analyze further, Details on demand”. In other words, this mantra is calling for the astute combination of analytic 
approaches together with advanced visualization techniques. VA concepts can improve our work. We shall use 
them in our solutions. That is, our solutions shall address two problems: information overload and non-dedicated 
information. 

While useful, the use of VA concepts in CM may add activities to management processes that may not be easy or 

fast to adopt. The benefits brought by VA to analyzing crisis information also come with challenges. These 
include: (1) how to map VA concepts with the countless variables of a crisis to support the managers in quickly 
identifying relevant and reliable information to make decisions; (2) whether researchers and practitioners are using 
VA techniques and tools to effectively tackle challenge 1; and, (3) how to enhance VA applications with minimal 
impact on current CM activities. We believe that a model can be used to tackle these challenges. In turn, now, our 

challenge is how to apply our model in real crises. 

164



Dusse et al. A Visual Analytics Based Model for Crisis Management 

CoRe Paper – Analytical Modeling and Simulation 
Proceedings of the 17th ISCRAM Conference – Blacksburg, VA, USA May 2020 

Amanda Lee Hughes, Fiona McNeill and Christopher Zobel, eds. 

 

Figure 4: Summary of the Research Methodology. 

 

As next steps, we shall carry out other validations and improvements to the model. One important step missing in 
our work is how VA can effectively interact with the main themes in the model. This constraint of our work must 

be tackled in our future research. 

CONCLUSIONS 

We presented a model based on Visual Analytics to support decision-making in Crisis Management. First, we 
understood the overall dynamics of CM activities in depth, comprising the main themes of how managers analyze 
crisis information for decision-making. Second, we developed a model to support these themes by using 
visualization techniques, and causing the least impact on the structure that exists nowadays. 

We carried out the study in stages: the requirements of the model; the design of the model and the first validation 
of the model, using a focus group session. We found that practitioners and researchers are neglecting important 
themes that need to be represented in visualizations tools for decision-making. In our research, we identified that 
the concepts of VA can tackle these themes. Our model transformed the collected data into classes of visual needs 
for CM. It was possible to identify the relationships between these visual needs and other main themes of influence 

for CM. Three specialists validated the model using a scale from 0 to 5. They rated it 3.7 on average. They also 
made relevant comments and suggestions that we shall address. We plan to do future focus group sessions with 
more specialists to confirm these findings.     

As we have mentioned, we will use the results of this work to guide future research, namely the full evaluation of 
the proposed model. Our aim is to apply the model in simulations or even in real crisis case studies. For that we 

need to specialize it into a computational model, proposing functional relationships, algorithms, math programing, 
and machine learning where necessary. This concrete application of the model should overcome the constraints 
of our work so far.  
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