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ABSTRACT 

Conversational agents are a technology that is used today in many different ways, for example as chatbots or voice 
dialog systems. While they are mostly used for applications in the business sector, research is also focusing on 
their use in other areas, such as medicine or disaster management. Events in recent years, such as the global Covid 
pandemic and advances in the field of language learning models, have led to many new approaches. Taxonomies 
are a good way to provide researchers and practitioners with a good overview of this growing field of research by 
classifying new and existing approaches. In this paper we present the current results in a methodological approach 
to develop a taxonomy for the classification of conversational agent approaches in disaster management. We 
describe the data basis of a structured literature search, the implementation of the method and the current 
dimensions and characteristics of the emerging taxonomy. 
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INTRODUCTION 

Software applications that use natural language processing to act as an interface between human users and 
information and communication systems (Dale, 2016) have been gaining in importance for years. These so-called 
conversational agents (CAs), also known as dialog systems, are already present in the everyday lives of many 
people, both in the form of voice assistants such as Alexa or Siri, as well as textually in the form of chatbots 
(Gnewuch et al., 2017). In 2018, there were already more than 300,000 chatbots in Facebook Messenger alone 
(Johnson, 2018), while the development and use of individual CAs by specialized providers such as Botpress or 
Voiceflow is becoming increasingly easy. Advances in the field of language learning models have led to the 
potential of this technology becoming increasingly utilizable (vom Brocke et al., 2018), with the result that there 
has recently been a veritable race between large IT companies such as Microsoft, Google and Meta to implement 
new applications in the field of CAs (Weise et al., 2023). 

While many approaches of the past focused primarily on application areas in the fields of customer services or 
entertainment, new approaches are becoming increasingly diversified (Brandtzaeg & Følstad, 2017; Stieglitz et 
al., 2022). In the field of disaster and crisis management, CAs are also becoming an increasingly important 
technology that can be used for general information and communication tasks (e.g. Maniou & Veglis 2020), as 
well as for specific scenarios such as the Covid-19 pandemic (e.g. Rodswang et al. 2020). The constantly growing 
number of approaches in this field of application makes it increasingly difficult for scientists and practitioners to 
maintain an overview and distinguish key features.  
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To get a better overview of a research or application area and to classify existing approaches, taxonomies are a 
frequently used solution. Taxonomies are artifacts used in various scientific disciplines allow sequential 
classification of objects based on dimensions (Marradi, 1990). Several taxonomies have already been developed 
to classify CAs approaches from different perspectives. Janssen et al. (2020) focus on domain-specific chatbot 
applications, whereas Weber et al. (2021) present a taxonomy for CAs in education. Additional contributions 
provide conceptualizations of certain aspects of these systems like the taxonomy for social cues in CAs of Feine 
et al. (2019), as well as the exploration of chatbot relationship archetypes based on the time of interaction of Nißen 
et al. (2022).  

However, to the best of our knowledge, there is no classification of CA approaches in the emerging area of disaster 
management. To address this research gap, in this paper we propose a taxonomy to classify approaches on 
conversational agents in disaster management. The results presented here are based on the methodological 
approach according to Nickerson et al. (2013) for the iterative development of taxonomies. By applying this 
method the following research question is to be specifically investigated in this research. 

RQ: Which dimensions and characteristics of a taxonomy describe current implementations of conversational 
agents in disaster management? 

However, as the research is still ongoing, the method has not yet been fully applied. The data basis for this 
taxonomy is provided by a structured literature analysis according to vom Brocke et al. (2009). For the complete 
research, we want to expand the database to include applied, non-scientifically documented applications and carry 
out a robust evaluation. Nevertheless, even in its current state of development, the taxonomy can support scientists 
in classifying existing and new approaches and offer practitioners possible criteria for selecting suitable solutions 
for their purposes. 

The paper is structured as follows: in the second section, the current state of research on CAs is discussed. The 
methodological approach and its instantiation are presented in the third section before the taxonomy is described 
in the fourth section. Limitations and desiderata are discussed in the conclusion. 

ON THE STATE OF CONVERSATIONAL AGENTS 

Natural language processing as the basis technology for CAs has been a relevant topic in the field of information 
systems research for many decades. One of the earliest related computer programs was ELIZA, developed at MIT 
in the 1960s (Weizenbaum, 1966). It simulated psychotherapeutic dialogues by recognizing and responding to 
simple patterns in user input. Despite its lack of real intelligence, ELIZA impressed with its skillful pattern 
recognition and is considered an early example of chatbots. Text-based chatbots are a type of CAs alongside 
voice-based systems such as voice assistants (e.g. Siri, Alexa) (Gnewuch et al., 2017). Another category of CAs 
are so called embodied agents, which are visualized characters that often use facial expressions and gestures to 
provide a better user experience (Brave et al., 2005). Recent developments in this space are numerous and diverse, 
spanning various directions. One of these innovations is conversational dashboard systems, which allow users to 
interact with complex data visualizations using natural language (Ruoff et al., 2021). Another are conversational 
co-pilots which Microsoft, for example, is currently including in its product range (Dastin, 2023), as well as 
Coding Assistants (Ross et al., 2023) which automate tasks, advice, as well as collaborate with users. 

An important theoretical approach in research on CAs is the social response theory (Gnewuch et al., 2017; 
Wambsganss et al., 2021). This states that people interact with computers as they do with other people, 
unconsciously applying social rules such as politeness, self-disclosure and trust, based on social cues such as 
conversation, interactivity and social roles. An important principle of this theory is that of reciprocity, which states 
that people respond to computers socially by attempting to "reciprocate" or "match" the computer's interaction or 
behavior (Nass & Moon, 2000; Reeves & Nass, 1996).This means that designers of CAs should consciously plan 
the conversational style of their applications, as the social characteristics of these systems have a significant 
influence on their use (Chattaraman et al., 2019). 

Progress in the field of CAs is currently particularly dynamic. Systems such as OpenAI's Chat GPT are 
experiencing impressive growth. One million users registered for the service within five days of its launch - only 
Meta's "Threads" could reach so many users quicker (Infographic, 2023). They can also be easily integrated into 
existing systems such as websites, social media and messaging platforms like Facebook (Johnson, 2018). The 
latest developments are integrations of these systems into search engines, such as Bing Chat (The Verge, n.d.). 

Social media has been an important control center for disaster response at least since the Central European flood 
2013 (Albris, 2018). There, CAs have the potential to broadcast trustworthy information from civil protection 
authorities to the public (Stieglitz et al., 2022). They can also help overcome language barriers and provide reliable 
real-time information (Ahmady & Uchida, 2020). In addition, CAs have the potential to support the coordination 
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of spontaneous helpers during a crisis and reduce the cognitive load on individuals (Gerstmann et al., 2019; M.-
H. Tsai et al., 2019). Although research into the use of CAs in disaster management is still in its infancy and there 
is a lack of established design approaches, new approaches are constantly emerging and current findings indicate 
that the use of CAs in disaster management provide added value (Stieglitz et al., 2022). The aim of the research 
presented here is to take a deeper look at the developments to date to enable a classification of existing and new 
approaches in this rapidly growing field of research. 

METHODOLOGICAL APPROACH 

Taxonomy Development Following Nickerson et al. (2013) 

To build our taxonomy for CAs in disaster management on a sound basis, we use the established methodology of 
Nickerson et al. (2013). This method prescribes a multi-stage, cyclical procedure with defined ending conditions 
for deriving dimensions and characteristics for a topic-specific taxonomy. The instantiation of the method in the 
context of our research, illustrated in Figure 1, is described below. 

 
Figure 1.  Procedure based on Nickerson et al. (2013)  

The first step is the definition of the meta-characteristic. The aim here is to select a view of the objects to be 
examined (conversational agents in disaster management) from which all other characteristics can be derived 
(Nickerson et al., 2013). When defining the meta-characteristic, it is important to be clear about the objective and 
purpose of the taxonomy. In our case, the taxonomy is intended to be useful both for practitioners, who can use 
the taxonomy as a decision-making tool for the selection of suitable solutions, and for scientists from different 
disciplines who want to classify existing and new approaches and identify research gaps. The focus is on core 
features and application conditions, rather than specific technical or organizational aspects. The meta-
characteristic was formulated in a correspondingly general manner: "characteristics of conversational agents used 
in disaster management."  

The next step is to define the ending conditions of the iterative process for deriving new elements for the 
taxonomy. For this study the objective conditions (OEC) proposed by (Nickerson et al., 2013), which can be seen 
in Figure 2, are selected.  
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Figure 2.  Objective ending conditions prescribed by (Nickeson et al., 2013) 

In the following step the iterations for the development of characteristics and dimensions begin. These must be 
logical consequences of the meta-characteristic. A two-stage approach was chosen here, consisting of an initial 
"empirical-to-conceptual" step and a subsequent "conceptual-to-empirical" iteration. In the first "empirical-to-
conceptual" iteration the required number of descriptions of CAs were created using a structured literature 
analysis, as recommended by Nickerson et al. (2013), to build the knowledge base. This is described in detail in 
the following section. A second "conceptual-to-empirical" iteration was then conducted to address dimensions 
related to important theoretical foundations, such as the Social Response Theory, which still need consideration. 
These are explored in categorizations of CAs in literature, as seen in the taxonomy presented by Janssen et al. 
(2020). Their taxonomy on domain-specific chatbots includes dimensions such as 'collaboration goal,' 'chatbot 
role,' 'relation duration,' and 'social cues' with their characteristics, which we adopt in this iteration (Janssen et al., 
2020). These dimensions were used to examine the systems identified in the first cycle and assign them to the 
respective characteristics. 

After the second iteration, the eight objective ending criteria were examined, we found that criterion OEC4 was 
not yet met, revealing that further iterations are necessary. As this paper is a presentation of research in progress, 
the procedure ends at this point. We are aware that further iterations are necessary, and an evaluation of the 
taxonomy will take place in future steps. The methodological instantiation described here forms the basis for the 
considerations on the preliminary taxonomy in the following main section. 

Knowledge Base from Structured Literature Search 

The first iteration of the taxonomy creation is based on a knowledge base consisting of a set of descriptions of 
CAs. Structured processing is recommended to set this up in a way that is comprehensible to third parties. We 
chose to build our knowledge base using a structured literature analyses following vom Brocke et al. (2009). The 
method includes a 5-step procedure: 1) definition of review scope, 2) conceptualization of topic, 3) literature 
search, 4) literature analysis, 5) research agenda (Brocke et al., 2009).  

Starting with the definition of review scope, vom Brocke et al. propose a procedure based on the taxonomy of 
Cooper (1988) which was instantiated in Figure 3. 

 
Figure 3.  Instantiation of the Taxonomy for the "definition of review scope" according to Cooper (1988) 

Based on this, the focus was placed on applications with the aim of addressing the central issues. The organization 
should be conceptual, whereby a neutral perspective should be adopted. Practitioners as well as specialized 
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researchers in the fields of disaster management and conversational systems were identified as the target group, 
who should be offered an exhaustive and selective coverage of the topic. 

In the next phase, the conceptualization of topic, working definitions of the most important terms were created 
and an overview of the existing literature in the field of CAs in disaster management was compiled. The findings 
from this step were used to develop a better understanding and a relevant search string. 

As part of the literature search, the scientific databases SpringerLink, ISCRAM, ScienceDirect, Wiley and 
Google Scholar were searched. Publications containing the search string in abstract, title or keywords were to be 
identified within the search. This is (chatbot OR "conversational agent" OR "chat bot" OR "dialogue system") 
AND ("disaster" OR "crisis" OR "emergency") and was formed from the core terms derived in the previous steps. 
In the Wiley and ScienceDirect databases, the search described above could be carried out via the website. For 
the other databases, additional steps had to be taken. The SpringerLink database had to be addressed 
programmatically using an Application Protocol Interface (API) to perform a full-text search. The title, abstract 
and keyword searches were then carried out using a Python script. The ISCRAM database did not provide the 
desired search functionalities either, but since it specializes in information systems in disaster control, a full-text 
search was also carried out on the site using Google Scholar. Finally, a title search was carried out using the search 
string in Google Scholar. This database also offered no possibility to search in abstract or keywords.  

After the search process, in the literature analysis, the titles and abstracts of the results were checked according 
to previously defined exclusion criteria. These are (1) not in English, (2) not peer-reviewed, (3) no concrete 
description of a CA artifact and (4) the described artifact has not been implemented at least once. This process 
resulted in a total of 88 identified publications with 20 descriptions of specific CA implementations, which formed 
the knowledge base for the taxonomy’s development. The entire literature search and the results of the individual 
analysis can be seen in Figure 4.  

 
Figure 4.  Literature Search Processing and Results 

In this paper, the fifth step, formulation of a research agenda, is omitted as the focus on the methodology for 
taxonomy design renders it redundant. 

A TAXONOMY FOR CONVERSATIONAL AGENTS IN DISASTER MANAGEMENT 

This section describes the taxonomy in its current state of research. As part of the taxonomy development, 13 
dimensions were identified. For reasons of clarity, these are divided into four categories and will be presented 
here. The developed taxonomy can be seen in Figure 5. Six of the included dimensions are exclusive, these are 
marked in the figure with an asterisk (*). The numbers in brackets after the characteristics indicate how many of 
the CA approaches from the knowledge base they apply to. Due to incomplete descriptions of the approaches, not 
all of them could be classified in every dimension. 
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Figure 5.  Taxonomy for Conversational Agents in Disaster Management 

Category: Application Background 

This category is intended to summarize all dimensions that deal with the primary actors and the overall situation 
in which the CA is used. 

The user dimension describes the people and organizations that operate and administer the system. Hospitals are 
an example of this, but CAs are also used in the private sector (Jang & Lee, 2023; Sarbay et al., 2023). In contrast, 
the system designed for disaster management authorities by Tsai et al. attempts to provide a simple interface to 
retrieve up-to-date information on the current situation (M.-H. Tsai et al., 2019). A final characteristic is users in 
public bodies, such as government agencies or universities (Balderas et al., 2023). 

The target group dimension describes which user group should be reached by the system. This can be the general 
population, whereas other systems try to address disaster management officers (Chan & Tsai, 2019; Nomura et 
al., 2020). The user group Specific groups of the general population can be illustrated by the "Emergency 
Reporter" system, which was created with the participation of indigenous groups to give them an opportunity to 
interact with the disaster management authorities (C.-H. Tsai et al., 2023). Affected people are also identified as a 
target group by systems (Syed et al., 2020). 

The disaster type dimension describes the type of crisis in question, with a distinction being made between 
various types. A first example is the flood, but many CAs have also been identified that deal with pandemics, 
especially the Covid-19 pandemic (Sermet & Demir, 2018; Yoneoka et al., 2020). However, there are also systems 
that can be used unspecifically in several different types of crises. One example of this is DisBot, which uses 
knowledge accessed via social media to support citizens and first responders in disaster scenarios, improving 
community resilience and decision-making (Boné et al., 2020). 
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Category: Communication Goals and Language Processing 

Strategic intentions of the system and the planned results of the interaction are relevant factors of CAs. 

The Intended Use dimension refers to the purpose for which the CA was developed and which specific tasks or 
functions it should fulfill. The Information characteristic emphasizes the role of the CA as a source of information. 
The agent can for example provide real-time updates on hazardous situations, evacuation instructions and other 
relevant information to keep the public informed (Sermet & Demir, 2018). Used for coordination, a CA can ensure 
efficient communication and resource allocation during a disaster situation (Konstantoudakis et al., 2023). 
Decision support is another application in which the CA was developed to support decision-makers in disaster 
management with relevant data and semi-automated processes (Lai et al., 2020). Finally, a CA can be used in the 
field of education to prepare for disaster situations. By providing training materials, the agent helps to raise 
awareness and prepare for potential disasters (Syed et al., 2020). 

The dimension of the Conversational Goal refers to the overarching goals or intentions that are pursued during 
the interaction with the user. A distinction is made here between CAs that act in a task-oriented manner and 
collaborate with the user (Tsai et al., 2023), and those that are chatter, as is the case with a simple question-answer 
scheme, for example (Goh et al., 2006; Konstantoudakis et al., 2023). 

The Language Comprehension dimension of CAs describes how they process the user's utterances. Natural 
language understanding enables a CA to interpret the natural language of the user. This method enables versatile 
and human-like communication, as the agent can react to different expressions and formulations (Syed et al., 
2020). In contrast, rule-based language understanding is based on predefined rules or scripts that the CAt uses to 
understand and respond to user utterances (C.-H. Tsai et al., 2023). 

Category: Interaction 

Interaction with a CA can be designed in very different ways. Dimensions in this category describe various aspects 
of the exchange of information between CAs and users. 

The Input Interaction dimension describes how users can make inputs. Common input interactions take place 
via text or voice (Chan & Tsai, 2019; Nomura et al., 2020). An example of interaction with buttons is the chatbot 
presented by Maniou and Veglis for news dissemination in crises, which allows navigation using various button 
menus (Maniou & Veglis, 2020). Other systems can process multimedia input, for example a chatbot to collect 
information from volunteers and citizens, with the submission of images being one use case (Konstantoudakis et 
al., 2023). 

The Output Interaction dimension specifies how output is transmitted to the user. Three types represent the 
output of text, voice or multimedia (Lai et al., 2020; Rodsawang et al., 2020; Yoneoka et al., 2020). A final type 
is the output of facial expressions, such as the intelligent embodied CA called AINI as a front-end interface for a 
crisis communication network portal (Goh et al., 2006). 

The Integration dimension plays a crucial role in the embedding and deployment of CA systems, as it considers 
the different platforms and environments. These systems can be integrated in a variety of ways to ensure an 
optimal user experience. Examples of integration possibilities include implementation in messenger platforms to 
enable seamless interaction via messaging services (Konstantoudakis et al., 2023). Alternatively, a CA can be 
natively integrated into specific applications or operating systems to ensure deeper integration. Use via phone 
calls enables broader accessibility, while integration into smart home systems enables interaction in the context 
of the home environment (Lai et al., 2020; Sermet & Demir, 2018). In addition, integration into augmented reality 
platforms offers an immersive and enhanced level of interaction for users (Sermet & Demir, 2018). 

The Human in the Loop dimension describes the possibility and mechanisms for human operators to intervene 
in the process. The forwarding to a hotline represents an identified mechanism that can be found in a voice Bot, 
for example. This partially automated the medical history processes for a hospital during the Covid-19 pandemic. 
As soon as it detected symptoms that indicated a disease, it forwarded the patient to a human operator (Lai et al., 
2020). The content customization prompt was identified in an employee training application. The flow of 
conversation focuses on material created by a supervisor and can be interrupted if it is unclear. In such cases, a 
message is automatically sent to the supervisor, who is given the opportunity to revise the learning material (Syed 
et al., 2020). However, most approaches provide no specific functionality. 

Category: Social Aspects  

As described above, social response theory plays an important role in the design of CA. Dimensions of this 
category describe which general features CAs support in order to imitate human-like behavior. 
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The dimension Role Model classifies the existing systems based on the roles they take on towards the user. A CA 
in the role of a facilitator acts as a link between different parties to transmit information or facilitate 
communication (C.-H. Tsai et al., 2023). In the role of a peer, the CA interacts with the user on an equal footing 
without assuming a superior position. The interaction takes place in a cooperative and supportive manner, with 
the agent acting as a partner (Jiang et al., 2022). A conversational agent in the role of an expert imparts specialized 
knowledge and provides in-depth information on a specific topic (Goh et al., 2006) 

The Relationship Length dimension concerns the duration and development of the interaction between the user 
and the CA, with different systems taking different approaches to the design of this relationship. An example of 
short-term relationships is a chatbot for medical history taking in a hospital presented by (Rodsawang et al., 2020). 
In contrast, Jiang et al. provide an example of a conversational agent that establishes a long-term relationship. 
They describe the use of the REPLIKA service during the Covid-19 pandemic which is intended to provide users 
with a supportive and empathetic conversation partner (Jiang et al., 2022). 

Another dimension is the CA's ability to recognize, interpret and respond appropriately to Social Cues. These 
include facial expressions, gestures and tone of voice, which play a key role in creating an authentic and human-
like interaction. An example of present social signals in this context is the output of facial expressions into a 
chatbot that can respond to user emotions (Goh et al., 2006). In contrast, these social signals are not present in 
other CAs (M.-H. Tsai et al., 2019). 

CONCLUSION 

In this paper, the research in progress and first results towards a taxonomy for conversational agents in disaster 
management was presented. The taxonomy was developed on the basis of an established methodology using an 
extensive, systematically compiled knowledge base. After two methodological iterations, a taxonomy consisting 
of 13 dimensions and 42 characteristics was created. The derived dimensions address both core features of the 
CAs and organizational aspects such as purpose and user groups, as well as domain-specific characteristics. This 
general orientation makes it possible to classify all domain-specific approaches and serve different purposes. The 
taxonomy can be used to help practitioners differentiate between suitable solutions for their purposes and to get 
an overview of what features they can or cannot expect from current IT systems. The examples given in the 
explanation of the dimensions can also provide inspiration for the use of CAs in disaster management. On the 
other hand, the taxonomy can also support scientists in the classification of research artifacts in the form of 
software demonstrators and application concepts. In addition, the taxonomy also represents an analysis of the 
current state of the art and shows which aspects of CAs for disaster management have so far been addressed to a 
greater or lesser extent by research. Although the analysis of the state of the art is not the focus of the paper, some 
trends can already be identified based on the frequency of the dimensions addressed. Most of the conversational 
agents examined serve to inform users and are generally designed for pandemics offering text-based interaction. 
The target group is usually the general population and subgroups of this population, with disaster managers being 
a secondary target. An interesting observation is that, in contrast to applications in the commercial sector only a 
few exceptions rely on human-in-the-loop functionalities. Even though research has shown that implementing 
human-in-the-loop functionalities in CAs can benefit users, task workers, and system performance (Reitmeier et 
al., 2020). 

Since the research is still in progress not all steps in the underlying methodological approach of Nickerson et al 
(2013) have been executed yet. An important future step is the evaluation of the results. Nickerson et al. suggest 
having potential users evaluate the usefulness of the artifact. In the present scenario, disaster managers should be 
consulted to determine the extent to which the presented taxonomy aids them in choosing the appropriate CA for 
their specific use case. Similarly, the subjective termination criteria could not be considered and not all objective 
ending conditions could be met after the last iteration (Nickerson et al., 2013), so that further iterations will be 
necessary in future steps. The underlying knowledge base could be expanded for this purpose. With the selected 
search string, only CAs that were built specifically for disaster management applications can be identified. An 
extension of the search string could include other, domain-unspecific applications based on their potential use in 
disaster situations. The inclusion of solutions in practical use that have not yet been scientifically documented is 
also conceivable. In these ways, we want to further develop the taxonomy, which already offers decision-making 
and orientation aids for practitioners and scientists in its current state, into a valid and well-founded tool in the 
future. 
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