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    In this age of rapidly advancing technology, the future of living and functional environments would involve humans interacting, coordinating, and collaborating with computers, machines, robots, and various technology-laden systems in a multitude of ways. Examples of such smart and interconnected environments include Smart Homes, Smart Industries, Smart Workplaces, Smart Buildings, and Smart Cities, just to name a few. This is the second of the two volumes of the edited books in this series that presents discoveries, innovative ideas, concepts, theoretical findings, practical solutions, improvements, and novel applications in Human-Computer Interaction (HCI) aimed at developing trust, user acceptance, augmenting user performance, improving quality of life, and fostering human-technology partnerships in the future of technology-laden living and functional environments.




    The topics covered in these books include the following:





    

      	Applications of HCI for Smart Homes, Smart Cities, and Smart Vehicles




      	Design of Technology for special user groups – elderly, disabled, etc.




      	Prototypes of Interactive Systems with a focus on Human-Centered Design




      	Applications of Artificial Intelligence, Machine Learning and Data Mining in HCI




      	Computer Vision, Image Recognition and their applications in HCI




      	Novel works in mobile or web development related to HCI for Smart Environments




      	Applications of HCI in healthcare, education, entertainment, and games




      	Applications of HCI and related technologies focusing on COVID-19


    




    The current part of this book, Part II, presents a unique and diverse collection of the global advancements in HCI in the above-mentioned application domains. It consists of chapters authored by experts and scientists in the field of HCI and its interrelated disciplines from 9 different countries – Albania, China, India, Indonesia, Nigeria, Pakistan, Spain, the United Kingdom, and the United States. This book is aimed at scientists, researchers, and developers in academia and in the industry who wish to learn, design, implement, and apply the emerging technologies, concepts, and applications from the field of Human-Computer Interaction in different application domains, with a specific focus on the future of technology-laden living and functional environments. Each chapter has an abstract and keywords followed by the introduction, methodologies, and other sections. Readers can determine their interest level in any chapter quickly, based on the keywords and the abstract.
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      Abstract




      The increasing frequency of disasters in the past few decades have threatened individual life and situation. Therefore, there is a growing research interest in the development and practice of disaster management systems. Disaster management systems help understand and support disaster relief, preparation, recovery, rehabilitation, risk, and vulnerability reduction to assist professionals from diverse backgrounds. These professionals can range from medical personnel, government staff, firefighters, military personnel, emergency call center operatives, and volunteers. When a disaster occurs, it becomes challenging and essential for these professionals to manage and coordinate the available resources. Thus, efficient communication and the availability of information are crucial. An effective system with an adequate HCI to assist these first responders in coordinating tasks can save time and individual life, which might not be possible without a well-defined user interface for interaction. HCI plays an essential role in supporting disaster response scenarios through disaster management systems. Though there is a rising number of researches in this area, it still lacks a complete HCI overview for disaster management systems. Hence, this chapter examines and analyzes research on the concept of human-computer interaction (HCI) in the disaster management context. It provides an overview of HCI and disaster management publications between 2009 and 2019 by presenting the current practices and identifying the lapses in how research is conducted and recommendations for opportunities in future approaches.
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      INTRODUCTION




      A human-made or natural disaster hits the globe each year, affecting and killing




      thousands, destroying properties and infrastructure, deteriorating the environment, and displacing people [1] United Nations International Strategy for Disaster Risk Reduction for Disaster Risk Reduction (UNISDR) defines a disaster as “A serious disruption of the functioning of society, causing widespread human, material or environmental losses which exceed the ability of the affected people to cope using its own resources” [2]. Disaster can be classified into three different categories, i.e., Natural (earthquakes, tsunamis, volcanic, landslides, floods, drought, tornadoes), Man-made (fire, leakage, toxic release, structure collapse, explosion), and Hybrid (flood ravage community built in a flood plain, subsequent disaster (deforestation leading to landslides)) [3]. These disasters are random, unpredictable, can dynamically change the environment, and have limited access to the resources in impacted areas [4]. Precise planning and availability of resources play an essential role in preparing for disasters. Therefore, information technology and equipment will significantly enhance the capability before, during, and after the disaster response [5].




      Human-Computer Interaction (HCI) can be used across diverse areas (e.g., engineering, ergonomics, design, visualization) that deal with the design, evaluation, and implementation of methods an individual can use to interact with computing systems [6]. It involves the use of input-output technology in communicating with machines for perception and cognition [7]. Furthermore, with the growing use of multimedia applications, the importance of HCI continues to increase [8]. Currently, HCI research focuses on engineering, designing, collaboration, training, social issues, including perception, cognition, human intelligence, and interaction with any information using any device [9, 10].




      The recent rise in disaster and emergency events has increased the adoption of innovative technology to exchange information and provide aid to responders and casualties [11]. During various catastrophic occurrences, including the Three Mile nuclear meltdown, firefighter deaths during 9/11, Bhopal, there were incidents of human decision-making failures by operators due to situational awareness failures of the systems [12-14]. HCI for disaster response can be used to collect, process, communicate, train users, support collaboration, and increase an individual's situational awareness and better decision making [15, 16].




      The use of information technology for HCI during disasters and emergencies should be designed to effectively utilize the potential and provide trustworthy and efficient assistance in these situations. Furthermore, HCI plays an essential role in automating the steps in the detailed evaluation, planning, and decision-making process to maximize the disaster response effectiveness and decrease the chance of human error.




      In this review chapter, we present a systematic review of the use of HCI in disaster management. This chapter aims to analyze and organize HCI and disaster management literature across a decade (2009-2019), present the current practices, identify the lapses, and provide recommendations for future research areas.


    




    

      RESEARCH METHODS




      This review study adopted a three-stage research design. (1) A paper retrieval process related to disaster management and its application to HCI was conducted. (2) All retrieved papers were then investigated based on the type of HCI components and the application areas with disasters. (3) Results were summarized. Future directions are proposed on how HCI can be effectively used in disaster management areas.




      

        Paper Retrieval




        This systematic literature review investigates how the HCI has been used in the field of disaster management. We review the papers published from 2009 to 2019 and only include journal articles and conference proceedings, considering their relatively high impact and high citations. Web of Science [17] and Scopus [18] were used as the search database. The keyword with search rule used for the review process was disaster management system or risk management or disasters or disaster prevention or emergency management or decision making or emergency services or risk assessment or natural disasters or floods or earthquakes or hazards or emergency response or climate change or disaster response or crisis management or risk analysis or flood control or environmental management or fires or disaster recovery or storms or damage detection or early warning system or emergency or hurricanes or landslides or disaster risk reductions or disaster preparedness or accident prevention or tsunamis or disaster relief or disaster situations or disaster information or situation awareness or emergency or disaster mitigation [19, 20]. All the publications for review were in the English language. They contained the above keywords in the title or abstract or keywords. Fig. (1) presents the total number of papers retrieved from 2009 - 2019 using Scopus and Web of Science. A manual screening process was used to select the articles that fulfilled the aim of this review study. A total of 136 publications was identified for processing, and the associated overview of selected papers is shown in Fig. (2).


      




      

        Data Analysis




        The selected publications using the manual screening were analyzed using codes shown below. The codes used in this study for analysis are adapted from similar studies using content analysis. Table 1 below shows the code used in the review study.
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Fig. (1))


        Number of publications between 2009-2019 in Scopus and Web of Science database using the keywords mentioned above.
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Fig. (2))


        Flow diagram for literature search.



        

          Table 1 Codes used in the study for content analysis.



          

            

              

                	Codes



                	Explanation of Codes

              


            



            

              

                	Publication



                	Year of publication, from 2009 to 2019.

              




              

                	Publication Type



                	Journal, Conference Proceedings, Book Chapter.

              




              

                	Country



                	The country where the selected publication is introduced.

              




              

                	Author



                	List of authors in the selected publication.

              




              

                	Areas



                	The type of disaster management areas where HCI components are adopted in the selected publication.

              




              

                	Language



                	The language used in the selected publication.

              




              

                	Future directions



                	Future works are described in the papers.

              


            

          




          




        


      


    




    

      RESULTS




      

        Overview of Selected Papers




        Fig. (3) shows the number of publications vs. publication year. The graph indicates that there has been regular use of HCI components to design and support researchers and interested groups of users for disaster management. Several works discussed in the following section have been created and developed to help users interact with the system during a disaster. Furthermore, it also uses diverse technology and interaction techniques to assist a user in utilizing a disaster management system. There has been notable growth in research and technology development using a smartphone for a disaster management system.
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Fig. (3))


        Number of publications using HCI components on disaster management system from 2009 to 2019.

      




      

        Area




        In this review study, the use of HCI and its component in disaster management can be categorized into six groups: framework, technologies, collaboration, interaction, social platforms, and interaction.




        This review study focuses on observing the HCI technologies and practices by a user while using a disaster management system. Though categorization is mentioned for this review study, it does not limit further research covering all the perspectives of HCI in terms of disaster management systems. Table 2 presents the percentage of publications from 2009 to 2019 among various categories. It shows that disaster management systems are being developed and used across different technology such as web-based, virtual reality, smartphones, IoT, and intelligent systems. These six groups are categorized based on the literature search and how HCI components are used in a disaster management system. We will discuss each of these categories below in detail.




        

          Table 2 The percentage distribution of publication based on categories from 2009 – 2019.



          

            

              

                	Categories



                	2009-2012



                	2013-2015



                	2016-2019



                	Total



                	Percentage

              


            



            

              

                	Framework



                	20



                	9



                	3



                	32



                	23%

              




              

                	Technology



                	23



                	13



                	11



                	47



                	35%

              




              

                	Collaboration



                	5



                	2



                	2



                	9



                	7%

              




              

                	Interaction



                	9



                	7



                	5



                	21



                	15%

              




              

                	Social Platforms



                	8



                	10



                	2



                	20



                	15%

              




              

                	Simulation and Modeling



                	2



                	4



                	1



                	7



                	5%

              




              

                	Total



                	67



                	45



                	24



                	136



                	100%

              


            

          




          




        


      




      

        Framework




        Designing and developing a disaster management system to support a user while preparing, planning, accessing, and managing disaster is one of the most common areas. As Table 2 shows, 20 out of 67 publications are related to frameworks. The International Federation of Red Cross and Red Crescent Societies [21] states that the organization and management of resources and responsibilities for dealing with all humanitarian aspects of emergencies, particularly preparedness, response, and recovery, to lessen the impact of disasters.




        A disaster management framework should support better interaction, communication, and usability to increase user task performance effectiveness. Therefore, a framework supporting disaster management needs to plan how and what components of HCI will be supported. To help a user perform well in his/her tasks, it needs to support the interaction by taking in the user's input and providing feedback as an output accordingly.




        The workflow management system (WFMS) system [22, 23] was introduced to support users in modeling, executing, and managing plans before and after the disaster. WFMS supported activities and input provided by users and also the management of resources. Researchers investigated the use of the social network for emergency management in the areas of mitigation, preparedness, response, and recovery [24]. It was found that the use of a social network for disaster management can be used for information dissemination and communication, an HCI component, during an emergency.




        Communication plays a significant role during disaster response and management. A group of researchers developed a disaster management system that utilizes ad hoc networks, cloud computing, and mobile platforms to support users in better communication while interacting with the system to meet the demand and evacuation strategies in a city [25-27]. Disaster comes in different forms, such as an earthquake. It would be helpful to provide an early warning or prediction system. It has been shown that information communication and technology play an essential role in disaster management and providing early warning information to safeguard people from devastating events [28].




        A decision support system is another essential aspect that helps users interact with the information and conclude. A decision support framework was introduced to provide an interface for a user to quickly collect information and track resources during a disaster and its following events [29]. This interface will help the user determine an optimal resource deployment and dispatching solution based on the tracking information gathered.




        Information sharing and retrieval also play an essential role in supporting disaster management. A framework was proposed to provide users with an interface supporting information sharing and decision-making during a crisis [30]. It provides a user with an indicator system to identify vulnerability and interdependencies during a disaster.




        Ease of use and information quality is another aspect of the disaster management system for better task performance. It has been shown that the information quality while interacting with the system is relevant and is essential for increasing its effectiveness [31].




        Another notable framework to support emergency units is routing or navigation in a disaster area as per necessity. It uses G.I.S. technology in managing spatial data in real-time. This framework will help the user navigate and rout through a path using the interface [32-34].




        Furthermore, several frameworks and investigations have been developed and conducted to support users' need to increase their effectiveness during a disaster event. A health monitoring system allows users to interact and view patient information using an ad-hoc wireless sensor network during a mass casualty emergency [35]. Also, a framework was developed to support user's while interacting with the system to collect, manage, distribute information in a disaster relief scenario [36], a disaster management system to assist a user in assessment, enumeration, and coordination of data [37], volumes of information management and interaction [38-40], information sharing and decision support [41], and framework to model flood in supporting disaster management to save life and property [42].




        Designing and developing a decision support system framework also needs to consider integrating user interaction with a system [43]. During disaster response, coordination between rescue units also needs to support user interaction for the increased benefit [44]. A general framework was designed to help and assist the user's decision-making process while collecting and analyzing data to reach a quick decision [45, 46]. A fuzzy intelligent decision support system was developed to support and understand the emergency management evaluation model and emergency operating center to help users decide during disaster events [47, 48]. Furthermore, researchers introduced a decision support tool to allow a user to understand and support post-disaster operational decisions [49].


      




      

        Technology




        With advancements in technology and infrastructure, there has been growing interest in providing services and facilities through different platforms, including web-based, smartphones, virtual reality, IoT, and intelligent systems. Table 2 shows a continuous effort to take advantage of these platforms to support disaster management.


      




      

        Web-Based




        The use of web-based platforms is gaining popularity [50]. There has been increasing interest in using web-browsers in supporting a user during a disaster due to ease of use and accessibility. A web-based prototype, Business Continuity Information Network (BCIN) system [51], uses data-mining techniques to provide a user-friendly, internet-based, and information-orientated interface to support a user crisis. This system is currently being used at Miami-Dade County Emergency Management. It supports users by integrating input data from different sources, report summarization, and content recommendation engine.




        Disaster 2.0 [52], designed for disaster management, supports users while interacting with the system by providing an interface to integrate and share user-generated information about disasters. It uses REST principles and integrates with google maps. It also helps users collaborate between humans and intelligent agents using a novel web2.0 method for multiagent and disaster management. Interaction design is an essential component of HCI [53]. Web emergency management information systems (WEMIS) were introduced to provide a user with tools for decision-making, defining task lists, update available resources, and support interactive principles for an emergency. Another web-based framework was proposed to help users classify location elements and extract social web data for disaster management [54]. Collabbit [55], an open-source web-based application, was introduced to support information sharing. It supported users in coordinating responses and information sharing to help during the recovery from disasters. Users are provided support in subscribing information and organizing contact registries needed during the disaster recovery. Furthermore, researchers have investigated the use of web-based technologies to assist users during a disaster event in collecting, integrating, and analyzing data produced by sensors [56].


      




      

        Virtual Reality




        Virtual reality has also been increasing in demand with the advent of immersive technologies [57]. Virtual reality has been used to support simulation-based methods for training emergency medicine [58]. This will help the users to train and prepare for real-world scenarios. A BIM-based virtual reality environment was used to support and train users for building emergency management [59]. It was shown that virtual reality helps prepare trainees for real-world scenarios. Furthermore, it was also examined using virtual reality simulation (V.R.S.) on learning outcomes and disaster training [60]. It helps the user interact with the virtual environment with the available tools and techniques, reinforcing learning and improving learning retention.




        The main usages of virtual reality in disaster management have been to train users to prepare for the disaster [61, 62]. Various interfaces and virtual environments have been introduced to support users in training and interacting with real-world scenarios in the virtual worlds. Training users for evacuation drills in disaster preparedness [63], fire escape training using virtual reality simulation for mineworkers [64], disaster communication in a virtual environment by the use of games in supporting effective information exchange between users [65].


      




      

        Smartphones




        There has been growing interest in exploring smartphone use in disaster management systems to support users while preparing, managing, and recovering from a disaster. All-Hazard Disaster Situation Browser (ADSB) was introduced to help Apple's mobile operating system (iOS) and iPhone and iPad mobile devices. This was designed to support information sharing and collaboration between users to support disaster recovery planning and management. It helps users collaborate to retrieve information and use data mining techniques to prepare for disaster and recovery [66].




        A novel smartphone-based communication framework was presented that used machine learning techniques to support crisis managers and users in early hazard detection, prediction, and evacuation plans when a disaster occurs. This novel framework helps a user to have ease of access and use [67]. A system that uses mobile XMPP-based and sensor-equipped devices with cloud services was designed to support users' communication and assist post-disaster management [68].




        Several mobile applications are developed to support users for disaster management. The mobile map supports communication between firefighters during emergencies [69]. A mobile application was designed and developed to help real-time notifications during a disaster and support navigation in an emergency [70]. It can also be used in smartwatches. Mobile SMS was used to support disaster management in providing interactive information to the users [71]. Raven framework was designed to support android phones and help users share and data distribution between users in a disaster event as per the requirement [72]. Mobile G.I.S. platform was used to support users during emergency management for urban disaster prevention and mitigation [73]. Using visual graphics always helps users in better communication and understanding. A novel visual analytics system was developed to support personnel during emergency management to conveniently access disaster situation information [74]. It can be used in Apple iPad's for text-based interaction using emergency management disaster situation reports.


      




      

        Intelligent Systems




        There is always a risk involved when a disaster occurs. It might be challenging for an individual or a team to prepare, plan, and recover data. Therefore, there is an increasing interest in using intelligent systems to support an individual during a disaster, such as unmanned aerial vehicles (UAV), robots, and drones. While working with these smart systems, the tools and interaction techniques available will help increase task effectiveness and performance. An intelligent disaster management system was designed using intelligent transportation systems (ITS), including vehicular ad hoc networks, cloud, and mobile computing [75]. This system is intelligent to support an individual during a disaster by collecting information from multiple locations, planning and executing strategies and actions, and sharing information between vehicles and other necessary points in real-time.




        UAV's was designed to fly at low altitude to capture images and stitch them together around the area of interest [76]. This will help an individual to get better visualize and understand the area where the disaster has occurred. SENEKA developed a network to bring several different robots and sensor systems used by first responders during disaster events to search for victims and survivors more quickly and efficiently [77]. The first responders will be provided with an interface supporting locating victims during the disaster events. Drone-based system to support disaster management [78, 79], the intelligent system has been designed for urban emergency management [80], robots to assist while providing tools for rescues during emergency management [65, 81, 82], and using UAV to offer interfaces to supporting relief operations and communications for information sharing [83, 84].


      




      

        Collaboration




        Collaboration has shown benefits across several different sectors in increasing task performance and efficiency [85]. There is also a growing need to collaborate and support each other during a disaster event. It is common to have a standard post where expert people collaborate to reach a decision, resolve problems, and provide solutions during a disaster event. A digital tabletop was used for collaboration and how information can be filtered and used for interaction and decision making [86].




        uEmergency was designed to support multi-user collaboration for emergencies using the interactive tabletop. It helped face-to-face communication and allowed the use of fingers and digital pens to support objects' manipulation, analyze a situation, and interact with collaborators [87]. coMap used interactive tabletops to support collaboration. Users can interact with coMap using a digital pen and finger for multi-touch. This system was effective in supporting collaboration and information sharing [88].




        Overseer system was introduced collaboration and task allocation using mobile devices. It allowed task management and assignment [89]. Several research works have explored collaboration to support users for interaction during the disaster, planning, or recovery. A collaboration platform was presented to support data sharing using messages and support data and knowledge management [90].




        An emergency planning and map-based online system supporting collaboration among domain experts and interested individuals [91] were presented. Game-based learning was designed in a collaborative aspect for incident management and rapid damage assessment to support first responders in assessing the incident [92]. Work was presented to support coordination clusters between users to study crisis response. This work helped collaborative users in investigation networks and function-based response protocols [93].


      




      

        Interaction




        Interaction is another essential component of HCI. This interaction can be in different forms for an individual to interact with the system. We discuss how interaction has been used in terms of disaster management to support emergencies.


      




      

        Notification




        Before or during the disaster, notification can help the first responder gauge the situation or be prepared for it. There have been several systems that have been developed to provide notifications.




        Emergency Help Alert Mobile Cloud (E-HAMC) was developed to notify emergencies using F.O.G. computing [94]. This system was targeted at smartphones. The information notification was synchronized using F.O.G. and cloud computing. A framework was designed to support early warning notification based on location to support normal and blind people using OpenStreetMap [95]. Another framework for a notification was introduced to support emergency event detection and alert generation using the data collected and aggregated. Multimedia-Aided Disaster Information Integration System (MADIS) was designed to utilize data mining techniques to analyze situation reports, images, and text.




        Furthermore, using this technique to link the images and text with the reports that are generated. This notification of the reports with the images and text will help them understand the situation and perform it [96]. Early warning systems (E.W.S.) were designed to alert the affected person to help in better disaster preparation, responses, and mitigation [97]. A distant early warning system (DEWS) was also introduced to support custom warning messages that have been defined by a user [98].




        In addition to the notification framework developed, there have been works focused on using social media to provide notification during disaster situations. Social sensing was designed to communicate information between communities or groups using a single sensor [99]. It uses social media to gather information about the emergency and then dissipate it to the interested group. EmerGent uses social media information to communicate it depending upon the need of the emergency services [100]. This system's idea is to filter the noisy and large volume of data to a low volume of rich content that will be useful depending on the individual's need. Furthermore, Twitter was used to gather, tailor, and notify information depending upon the specific needs of the emergency and individual [101, 102].


      




      

        Spatial




        With the growing amount of data and the need to visualize information at run-time during disaster response, the use of spatial (3D) systems and information is gradually increasing in demand. Three-dimensional geo-information was proposed as a tool for disaster management in supporting user-centered maps, 3d symbols, and color schemas [103]. Also, add digital representation to this 3d representation that would help an individual navigate and explore information. An information system was designed to use spatially distributed computing systems to adapt dynamic conditions during emergencies to help users communicate and provide the best evacuation plan within a building setting [104]. Web processing service (WPS) specification that uses Open GeoSpatial Consortium (O.G.C.) uses infrastructure to process the spatial data [105]. This can help and support the users during the disaster management for visualization and interaction of the events.


      




      

        Response and Preparation




        Due to the unpredictable nature of the disaster, it becomes more critical to prepare, plan, and visualize the disaster events. WeShareIt game was used to prepare and support strategic foresight for a disaster event [106]. It was found that it helped reduce disaster risk and support the disaster's preparation through user engagement.




        Fireguide was developed to assist firefighters in supporting indoor location tracking and navigation [107]. This system would support firefighters in the navigation to find the nears exit location and help the incident commander track the firefighter's location on the map.




        A low-cost unmanned aerial vehicle (UAV) was used for remote sensing for post-disaster assessment and monitoring infrastructure [108]. UAV-based aerial imagery was acquired to post-process, analyze, and share images gathered by UAV. UAV-based imagery will help the expert or group of people make the correct decision during disaster events. The smart-eye platform uses a deep-learning platform for forest fire monitoring techniques. It uses UAV images with an optical sensor [109]. This system was developed to promptly make decisions like humans and help humans decide and decrease the losses and costs caused by the disaster.


      




      

        Simulation and Modeling




        Hydrologic Model was coupled with satellite remote sensing data to characterize the flood and its consecutive hazard over sparsely gauged or ungauged basins [110]. It was also used to simulate flooding and evaluate the probability of detecting inundated areas. This calibrating model and simulation process helped the user visualize and analyze the information to make potential decisions effectively and plan for the disaster. A human mobility database was developed to store and manage G.P.S. records from mobile devices [111]. The data mining technique extracted mobile sensor data for short and long-term evacuation plans for people in Japan during an earthquake. They used a machine learning technique to simulate human mobility during the disaster to understand and train the people for evacuation when the disaster occurs. This training and simulation will help in supporting disaster relief and management. ProModel was used to simulate the patient flow model and resources during a mass-casualty incident due to the multiple burn victims [112]. This model can support real-time estimation and management and assist users in making effective decisions during an event.




        Recently virtual reality simulation has also been an area of interest to train and simulate information. Virtual reality simulation was developed and tested to help medical students perform tasks during a mass casualty triage [113]. Simulation and serious games (S.S.G.) were used to train firefighters to support and understand their needs during the disaster [114].


      




      

        Social Platforms




        With the advent and popularity of social media, researchers and the community have a growing interest in disaster preparation, planning, response, and mitigation. Twitter was used to investigate emergency crises in understanding how the disaster impacts the populations, response agencies, and reactions from the users [115]. Similarly, another work was directed towards understanding the use of Twitter to understand the real-time and automated analysis of messages during a disaster. This information was used as a way to provide valuable information for response and communication [116]. Multimedia metadata was used to identify the information attached to images, texts, and videos during emergency scenarios [117]. The metadata was used from Flickr and Youtube sites to assess the disaster situation and identifying the messages.




        Tweet4act was developed using machine learning classification methods to classify crisis-related messages communicated using Twitter [118]. This system extracts the message's content to determine the generation of the message and the type of incident it relates to.




        Social media mainly focused on Microblogging services for disaster events used for information distribution and warning broadcasts [119]. Several other frameworks have been designed and developed using microblogging services [120-122], mainly Twitter, for multi-hazard disaster alert systems [123], multi-layer crisis mapping [124], crisis coordination [125], identifying sentiments of users during a disaster [126].


      




      

        Future Directions




        A comprehensive review of all the research papers presents how HCI has been used for disaster management. The knowledge from the literature review shows that in the future of disaster management, HCI would play an essential part in increasing the efficiency of the first-responder or interested users during the time of disaster.
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