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ABSTRACT 

Different approaches and tools have been used in emergency response to manage information flows. In part due 

to the differences in countries, emergencies, and local context, but also personal preferences, capabilities and 

resources play a role. Being able to compare and contrast various information structures, processes and systems 

would be beneficial to identify recurring structures and their performance and increase the resilience of 

information structures between organizations and across emergencies. Modelling languages are used in other 

contexts to describe, analyze, and compare processes. This research examines the potential of a tailored modelling 

language to document information flow setups. An initial set of requirements is developed from a literature study 

and validated with experts. Existing languages are compared to these requirements. The research shows that 

domain specific language would not only allow documentation of information and coordination setups, but also 

increase possibilities for evaluation, exchange of best practices and continues development.  
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INTRODUCTION 

Gralla, Goentzel, and Van de Walle (2015) state that it is often not clear how decisions are made during a crisis, 

and as such it is difficult to understand the related information needs. This unclarity has resulted in different 

strategies, approaches, and tools to connect actors and their information needs in an emergency, with varying 

degrees of success. These interventions are managed through various coordination systems, often supported by 

information systems to exchange information (Meesters & Walle, 2014). Previous research into the various 

approaches towards gathering, processing and use of information in the decision-making process has shown 

various challenges (Tapia, Maldonado, Tchouakeu, & Maitland, 2012). Impediments include information 

inaccessibility due to the inability to collect and share information in complex multi-actor environments (van den 

Homberg, Meesters, & Van de Walle, 2014). Other challenges are the (un)willingness to share data, information 

misalignment, unreliability, and inadequate information (Altay & Labonte, 2014). These factors contribute to 

inefficiencies in the information processes and may result in less optimal disaster operations. (Tapia et al., 2012). 

As insights were gained, lessons learned and technology advanced, approaches and best practices for managing 

information flows have and continue to evolve. However, there have been limited efforts  to document, analyze, 

and compare these various approaches and tools for information flows in a structured manner. Such method would 

enable organizations to structurally build a knowledge base and increase their capabilities to exchange 

information. Even in ad-hoc created structures such as international responses to sudden-onset emergencies, and 

thus, increase their resilience to deal with these unknown and unexpected situations (Comes, 2019).  

Research Objective 

One approach for documenting, mapping, and analyzing these different approaches to information management 

in crisis response could be the introduction of a modelling language. To document the information flows in crisis 

situations a tailor-made language could be helpful to describe different structures and tools used (Zantal-Wiener 

& Horwood, 2010). To develop such a domain-specific modelling language, a fit need to be established between 

the language and domain requirements (Luoma, Kelly, & Tolvanen, 2004). Through the continues examination 

of cases, new configurations for a language specialized for information flow in crisis situations can be constructed.  
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This research aims to provide an argument for the development of a domain specific language for documenting 

information management setups in crisis situation  and identify the first steps towards this development. Building 

on previous research in the field of modelling languages, various requirements for domain specific languages are 

examined and applied to the crisis response domain. These requirements are applied to several existing modelling 

languages to identify their suitability, as well as key requirements that should be included in a domain specific 

language. The research aims to answer: 

“Could a tailor-made modelling language be constructed for information 

flows in crisis situations and what are it’s requirements?” 

To achieve this research objective this research sets out to: 

1. Show the relevance and potential for a DSML in crisis information management flows.

2. Determine the most suitable scope and fit to leverage this potential.

3. Identify key requirements and elements to be included in the DSML.

4. Examine the suitability of existing languages and identify next steps in the development of the DSML.

Research Approach 

In designing such domain-specific modelling languages, different approaches have been used in previous research 

(Selic, 2007). Therefore, first a valid method needs be designed for developing a modelling language for 

information flows specifically in crisis management based on the above-mentioned objectives. First a literature 

review of existing modelling languages is used to create an approach to design a new domain-specific language. 

Literature is also used to develop requirements and specifics of a modelling language for information flows in the 

crisis management field. Secondly, the resulting findings will be tested with existing modelling languages. 

Through this analysis’s recommendations can be identified regarding the design of the final modelling language. 

Finally, expert interviews will be used to validate the findings. Additionally, the interviews are used to find new 

insights and complete the set of requirements. The process is outlined in Figure 1. 

Figure 1. Research approach 

THEORETICAL BACKGROUND 

Domain Specific Modelling Languages 

General Purpose Languages (GPLs) are commonly used to model aspects of frequently used concepts, such as 

processes or system designs (Heitkötter, 2012). Examples include Business Process Model and Notation (BPMN) 

representation, or the Unified Modelling Language (UML). However, such languages often have a broad 

application scope and therefore have a high level of abstraction. As such these languages cannot always capture 

sufficient aspects or detail to enable optimal use of the language for analyses, comparison, or other uses. Domain 

specific modelling languages (DSMLs) aim to solve problems by targeting a specific domain. Heitkötter (2012) 

states: “Domain specific languages trade generality for an optimal representation of concepts from their domain 

and try to reach an adequate level of abstraction.”. Subsequently, different studies have shown the advantages of 

DSMLs over general purpose languages. Table 1 shows an overview of these various advantages. 
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Table 1. Advantages DSML over GPL 

Based on the examination of various DSMLs, Heitkötter (2012) established a framework for creating DSMLs, 

illustrated in figure 2. This framework consists of several stages, illustrated in Figure 2. The framework starts with 

the identification of a suitable generic language (generic framework) (1) and domain specific extensions. These 

extensions are further selected based on the characteristics of the domain as well as the requirements of the use of 

the eventual DSML (3). In the transformation phase, the existing language elements and syntaxes are adapted (2) 

and integrated with the domain specific extensions (4), and any unused elements are removed. Resulting in a new 

language (5) with an improved suitability. The example shows the transformation process for BPMN, but it could 

be applied to a range of languages and domains.  

Figure 2. Framework of DSML design (Heitkötter, 2012) 

Approach to Crisis Information Management DSML 

Considering the aim of the research to not specifically develop a DSML but also identify the feasibility, the process 

includes more explicit purpose and validation stages, integrating the aforementioned research objectives into the 

DSML design framework results into the model illustrated in Figure 2. The first step in creating a DSML is to 

show the relevance, need, and purpose of the language (Frank, 2010; Michael & Mayr, 2015). Next, the exact 

scope of use for the DSML should be determined. Specifically, where the potential of the DSML would be most 

prominent and of added value. When determining the scope, it is important that a DSML does not lose its specialty 

(Frank, 2010). Hence, it might be required to reduce the scope of a DSML and focus on a specific purpose. 

Following the determination of the scope, an existing modelling language is selected as a base. While different 

components of different languages can be used, according to Michael and Mayr (2015), often one language as a 

base language is selected.  

Every modelling language should be constructed upon a set of requirements. Requirements should be a condition 

or capability that must be met or possessed by a system or system component to satisfy a contract, standard, 

specification or other formally imposed documents (IEEE, 1983). For this research we distinguish between 

functional, non-functional and domain specific requirements. Firstly, the domain specific requirements provide a 

structure which provides a link between the domain specific modifications and designing principles (Merilinna & 

Pärssinen, 2010). Domain specific requirements are requirements derived from characteristics of a particular 

domain, translated into functional or non-functional requirements (Frank, 2013). Functional requirements are 

product functions implemented in order to enable users or actors to achieve certain tasks or desired outcomes. 

Non-functional requirements define other attributes which do not directly influence functions (Chung, Nixon, Yu, 

& Mylopoulos, 2012) but  increase the usability or usefulness of a system (Chung et al., 2012). Finally, the 

resulting DSML, integrating the requirements is validated. This results in the following approach (Figure 3): 

DSML advantage over GPL Source 

DSMLs allow solutions to be expressed in  

the jargon and level of abstraction of the problem domain. 

Deursen, Klint, & Visser, 2000; France & 

Rumpe, 2005; Frank, 2013; Heitkötter, 2012 

DSMLs enhance productivity, reliability, 

maintainability and portability 

Deursen et al., 2000; France & Rumpe, 2005; 

Mernik, Heering, & Sloane, 2005 

DSMLs embody domain specific knowledge Deursen et al., 2000; Frank, 2013 

DSMLs allow validation and optimization 

at the domain level 

Deursen et al., 2000; Mernik et al., 2005 

DSMLs require, less programming expertise to use, 

and thus open up for a larger group of developers 

Mernik et al., 2005 

DSMLs are more expressive and easier to understand France & Rumpe, 2005; Heitkötter, 2012 
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Figure 3. Adapted approach to Crisis IM DSML 

Coordination & Actors 

Malone (1988) defines coordination as : “The additional information processing performed when multiple, 

connected actors pursue goals that a single actor pursuing the same goals would not perform”. That coordination 

in crises and information flows are not optimized in a response is a recurring theme throughout the literature 

(Bharosa, Lee, & Janssen, 2010). One reason for this suboptimal flow is the complex network of independent 

actors. The complexity not only refers to the number of actors, but also to the networks that exist between these 

actors, the increase in information and the tools used to exchange this information (Meesters, 2021). Moreover, 

this environment and its complexity differ greatly per situation and as such the coordination structures and 

mechanisms should be tailored to specificities of the emergency that is being responded to (Nespeca, Comes, 

Meesters, & Brazier, 2020). Therefore, establishing and managing coordination among organizations requires a 

systematic approach (Bahadori, Khankeh, Zaboli, & Malmir, 2015). This systematic approach can be further 

supported through the modelling of information flows (Durugbo, Tiwari, & Alcock, 2013). 

When such information flows are analyzed as part of the coordination, four components should be considered: 

goals, activities, actors, and interdependencies (Malone, 1988). A modelling language would need to capture the 

shared common goal, which is mitigating the effects of a disaster (Raju, Becker, & Tehler, 2018). But should also 

be able to capture individual objectives which maybe more diverging. These goals ‘drive’ the actors to exchange 

information, who act as holders or recipients of information. Subsequently the information is exchanged through 

various activities. In the DSML this would refer to all the activities which correlate to data sharing, collecting and 

distribution (Lewis & Talalayevsky, 2004). Finally, interdependencies are found in the various coordination 

structures and tools which are used to establish connections between and share data with the actors.  

In a multi-actor system, perspectives and interests of different stakeholders need to be considered. Especially 

international responses typically lack a central authority that coordinates all actors (van den Homberg, 2014). 

Nonetheless multi-actor systems reach for a common goal in various assemblies that work together. Either as 

formal organizations,  families or communities or even ad-hoc emergent volunteer groups (Nespeca et al., 2020). 

While governments firstly have the primary responsibility and mandate to provide humanitarian assistance to their 

population, they may call  on other parties when overwhelmed (Harvey Report, 2013), for example through the 

United Nations, or other international organizations. At the same other actors, which can ad-hoc formed, do not 

have a formal mandate and have acces to different systems. For example, local emergent groups may use social 

media as a coordination tool (Baharmand, 2016) and have closer connections with the affected communities.  

For the intended DSML, it is important to recognize these different kinds of actors, as each has different tools, 

coordination mechanisms and other characteristics that determine the information flow to and from other actors. 

Requiring different notations, for example, a separation should be made between formal organizations adhering 

to a certain mandate, coordination structure or established structures and actors which are operating independently, 

are formed ad-hoc and/or not daily involved in the crisis responses.  

Information activities 

In a crisis operation, actors each undertake various activities to respond to the emergency. These activities require 

the right data and information in order to be successful (Meesters, 2021). As information is often scattered, 

uncertain, or ambiguous, and exists in different forms, a key challenge is to bring the information together in a 

coherent manner to create situational awareness (Stanton, 2001). Actors will use a range of actions and systems 

to obtain and share this information. Hence, collecting, processing, and sharing of information are key elements 

to be included in a modelling language (Fisher & Kingma, 2001). Specifically, in order to describe the flows of 

information there are several key elements, according to Kaplan, Krishnan, Padman, and Peters (1998):  

• Information forms - Abstractions of information that flow between actors.

• Processes - Actions that influence the distribution or flow of information.

• Transformations – points where information enters the system or gets transformed to a tool or action.

• Procedures – procedures designed for data distribution and collection.

To facilitate the information management processes a Disaster Management Information System (DMIS) is 
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deployed. Often systems have been mentioned that addressed various aspects of emergency response operations, 

such as specific information systems used for optimization and modelling, decision support, visualization, 

geographic information systems (GIS), and simulation and training (Meissner, Luckenbach, Risse, Kirste, & 

Kirchner, 2002). Despite the advent of technologies and the increased number of systems available to responders, 

these previous studies shown that challenges remain (Meesters, 2021). Specifically related to the integration and 

linkage of information, the availability of communication, fast data access, timeliness and updating of information, 

and standardization of information (Meissner et al., 2002). Communication and linkage between the used systems 

is thus a key aspect in disaster coordination. Figure 4 shows an example of one  model created for ICTs used as 

communication tools during a disaster. This model is an example of the type of tools which are frequently used. 

The exact tools, their configuration and use can vary greatly between different emergencies. Additionally,  

different actors in the network use the tools they personally prefer and not which are coordinated. The intended 

DSML should be able to capture the different systems used and the information flow in between them.  

Figure 4. ICT model during response phases (Firdhous & Karuratane, 2018) 

Interdependencies 

Modelling languages also provide options to support analysis & evaluations, such as the performance of a process 

or the efficiency of a design. Depending on the formality of the language these analyses can even be automated 

(Borgatti & Everett, 2006). One of the objectives of introducing a DSML to map information flows in the crisis 

management field is to support such evaluations. Building on the previous discussed elements, such as analysis 

becomes feasible. For example, the resulting network of actors, tools used, and the information flows can be 

represented for example as vertices connected through edges. Such networks (graphs)  can be analyzed for 

example by the degree centrality, closeness centrality and betweenness centrality (Borgatti & Everett, 2006). 

Studies have shown that these metrics can even be used to optimize a network (Bisri, 2017; Curtis, 2016). While 

the optimization of networks is not the scope of this research, it is important to identify these possibilities in order 

incorporate such possibilities in the DSML. Specifically, a directed  path representing the flow of information is 

needed, visualizing the direction of  information flows between nodes in the network (Borgatti & Everett, 2006).  

Initial Requirements 

The DSML should address various requirements to capture the various aspects of coordination and subsequent 

information flows and systems, identified in the previous sections. Summarizing, the DSML should incorporate: 

• Actors: differentiate actors with different characteristics through different entity notations. Including

clusters of actors, as a visualization of a group which shows the boundaries of said group.

• Information Activities: visualize the information domain through the various information management

activities, systems used, information flows, and systems & modalities used.

• Interdependencies & analysis: show direction and dependencies of information flows in order to

evaluate the connection between nodes by information flow directionality and cardinality notations.

RESEARCH METHOD 

As an explorative study, a qualitative approach is used (Yin, 2015). Specifically, this study uses semi-structured 

interviews allowing more flexibility during the interview while still following an interview protocol to focus on 

the areas of interest (Corbin & Strauss, 2014). The protocol initially does not focus explicitly on DSML, but rather 

encourages the respondent to share their experience in coordination & information management. These 

experiences can be used in the research to determine if the relevant concerns, aspects, and other elements can be 

sufficiently covered in the identified requirements or if they need to be adapted further. In the final part of the 

interview the respondents are asked to reflect on DSMLs more specifically and their potential in the field of crisis 

management. Furthermore, the questions are designed to allow respondents to share their own experiences (Qu & 

Dumay, 2011). Additionally, the respondents are asked for additional requirements to expand and complete the 

set of requirements. Table 2 shows the (abstracted) interview protocol used. To ensure the accuracy and validity 

of the interviews, the interviews are recorded and afterwards preserved in a verbatim transcription.  
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Table 2. Interview protocol (abstract) 

Respondents 

Interviewees were selected with operational field experience, such as team leaders, as well as interviewees with 

experts in specific areas such as information management. With this dual perspective (operational coordination 

and information management expertise) the requirements of the DSML are examined through two different 

perspectives. To check the differences and similarities of national crises with international oriented crises, several 

of the interviewees are also working on national oriented crises. The respondents are selected through the personal 

network of experts of the researchers. Table 6 shows the interviewees and their position. 

Table 3. Respondents 

RESULTS 

From the interviews, combined with the literature we provide an answer to the three main objectives of this 

research. Namely (1) identifying the potential and/or need for DSML in the field crises information management, 

(2) establishing a suitable scope for the DSML in the field of coordination and information, and (3) identify the

key requirements. Furthermore, we apply these requirements to existing modelling languages as a first step 

towards the development of the DSM and as additional validation of the research outcomes. 

Goal 1: Need for a DSML 

Respondents were asked to reflect on the current approach towards documenting and evaluating coordination and 

information structures. The interviewees provided several answers and options used to this end. The respondents 

all indicated that the evaluation mainly relies on the self-evaluation of team after an emergency response, although 

sometimes supported by an external advisor. These evaluations often result in lessons learned documentation that 

either specifically addresses the situation or generalized. The respondents also indicated that almost never a 

structured documentation of the information flows is created, especially in interorganizational contexts. All 

interviewees agree that there is a need in improvement in evaluation of information flow setups in the field. 

Topic Description 

Introduction Inform about the purpose of the interview and the use of the results. Ask for consent to record/process the 
interview and use of the results for the research outcomes. Biographical information, previous experiences 

and other background information 

Evaluation & 

Documentation 

Respondents were asked how current information management setups; coordination structures and 

information flows are documented, in order to contrast existing methods with a (potential) DSML.  

Coordination & actors The various coordination approaches used in different contexts and how these different approaches have 

resulted in different configurations for emergency response. The role of different (types) of actors involved 

in the emergency response and how this influences coordination.  

Information & 

Communication 

The exchange of information between the actors, depending on the type and role of actors and the 
coordination structure in place. The role on information and data quality in this process and how these 

dependencies are managed. 

Tools & Systems The tools and systems in use to facilitate the exchange of information and communication with different 

actors. The selection of the various tools and systems, as well the use to send or receive information.  

DSML Familiarity with modelling languages in general and the use thereof in their past experiences, or other 

occupations. The potential of such languages in the field of crisis response and what changes would increase 

the value of the language further.  

Closing Closing of the interview, room for clarifications, additional comments or further discussion of any topics 

that have come up during the interview.  

# National/International Role Experience 

A National & International Team-leader Field coordination, sudden on-set emergencies 

B International Head of mission Humanitarian aid, emergency response 

C National Program manager Security and information management 

D National & International Operational leader, team-leader Field coordination, sudden on-set emergencies 

E National Information manager National emergency response operations 

F International Information officer Humanitarian aid, emergency response, field support 

G International Program manager Field support, data services and systems 

H International Field coordination Field support, information management. 

Figure  SEQ Figure \* ARABIC 4 ICT
model of disaster response ADDIN

EN.CITE
<EndNote><Cite><Author>Firdhous</
Author><Year>2018</Year><RecNum>
63</RecNum><DisplayText>(Firdhous 

&amp; Karuratane,
2018)</DisplayText><record><rec-
number>63</rec-number><foreign-

keys><key app="EN" db-
id="vxfes5v2rv559xeaxe9vex2zdx0atf2
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timestamp="1606386223">63</key></f
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Table 4. Evaluation comments 

Currently there is no structured, formal, way to document and analyze the different approaches to information and 

coordination. Both of the frequently used evaluation methods often do not provide an integral view but focus on 

personal or team level. In contrast the DSML would offer a more integrated and holistic view across different 

actors and networks. However, aside from the analysis the first benefits of a DSML would be the ability to 

structurally document the various approaches. During an emergency this would provide clarity to the different 

actors, increasing the inter-organizational collaboration. Over time, a knowledgebase of various approaches and 

their performance (which may context dependent) could be constructed. Allowing organizations to build on past 

experiences and adapt them to new contexts, increasing the resilience of these organizations as they would be 

more equipped to quickly setup appropriate structures and processes to exchange information.   

Goal 2: Scope 

Literature states that national and international crises are difficult to compare in certain aspects (Coppola, 2006). 

However, according to the interviews this does not hold for every aspects or emergency. Experts mention that 

more large-scale and complex crises are expected on national level. These crises would be comparable to 

international crises with humanitarian aspects. COVID-19 was often mentioned as an example of this development 

where national authorities are dealing with a multi-faceted, long-lasting emergency. As one expert mentioned: 

“We will get more large-scale crises such as climate, cyber, viruses which 

 are more comparable with international oriented crises.” 

In the interviews no differences were found in the requirements for national compared to international 

emergencies. While some individual requirements are more relevant for either international or national context, 

each requirement would still need to be included to capture the relevant aspects. For example, the requirement: 

“A group visualization which shows the boundaries of a certain group”, is only mentioned once in the national 

context, but a dozen times in the international interviews. However, when asked, the respondent for the national 

component indicated that this often pre-established. Thus, the requirement is still valid but less explicit or dynamic 

in the national context compared the international context where the actors can rapidly change. Furthermore, the 

inclusion of ICTs in the language is mentioned twice as often in the national context compared to the international 

oriented interviews. There are differences in priority between the requirements in national and international 

context, but none of the requirements are expected to conflict in either international or national.  

Goal 3: Requirements 

To check if additional requirements can be derived from the interviews, open coding is used. Codes which were 

found in more than one interview are included in the final list of requirements and given a corresponding 

requirement type. If the new code is accepted, a precise requirement is formulated in the next section. In order for 

a new code to be accepted a threshold for a mentioning in at least three interviews is followed. As a result, two 

new requirements are formulated. The final list of requirements is shown in table 5 below. 

• Schedule/time: Interviewees indicated that often information flows are recurring (for example daily

reporting) and thus information flows between actors would have a recurring property.

Domain requirement:   Show schedules of data collection 

Technical requirement: Show schedules of data collection with a time indicative notation 

Type:  Functional 

Quote 

A 
“On higher abstraction level, conclusions are quickly made. If it were done differently it would have been better, but we should 
have compared this before the crisis.”  

“ In sudden-onset crises less coordination protocols are ready to use” 

B “headquarters do invest in evaluating structures, but a major point of improvement is the inter-cluster coordination evaluation” 

C We should look at what has to be innovated on system-, process, and inter-organizational level” 

D “Figures say more than 1000 words, however the figures right now are to static, and are often obsoleted in a few hours” 

E “We look to little at specifically information in a crisis. 

F 
“Where I would often see people writing a lessons learned type of document, which was printed and put on a shelf” 

Unfortunately, most of the times during the crisis. It is a continual training issue, but in my opinion there is not enough what we 

have done or can do in order to prepare for the sudden-onset phase.  
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• Ease of use / adaptability: interviewees indicated that situations and thus the configuration can rapidly

change during a response. Therefore, changes need to be made quickly to model to remain up to date.

Technical requirement: The language should be easily adjustable in a crisis situation 

Type:  Non-functional 

Table 5. Final list of requirements 

Goals 4: Review Existing Modelling Languages 

As mentioned, a core component in design of the DSML is the identification of existing modeling language that 

could be used as a generic framework that could be adapted further. For this purpose, a selection of commonly 

used general-purpose modelling languages has been made. This selection is based on frequently examined 

languages in the field of process modelling and information management (List, 2006; Korherr, 2008; Söderström, 

2002). The resulting table (Table 6) gives an overview of which parts of the modelling languages could be used 

with the designing process of the new modelling language. Subsequently the specification of the language has 

been extracted from the respective handbook. Next, each requirement is evaluated with each modelling language 

to determined if the modelling language fulfills that requirement. Different modelling languages could have 

different ways of fulfilling a requirement. There are three optional possibilities namely:  

Directly viable (+): This means that the modelling language is directly viable and does not need any adjustments 

in order to be useful for the corresponding requirement. This means the modelling language can directly be 

adopted and used. However, it is not a must to directly copy this part as it still can be adjusted or improved.  

Viable with modifications(+*): The second option is viable with modifications in the framework. It means that 

the modelling language has potential to be an addition for the requirement but needs domain specific adjustment 

in order to be applied as part of the transformation process of creating a DSML. In other words, it shows the 

potential of the language, but not the specific adjustments which have to be made in order to be applied. Further 

research should determine the specific enhancements for the disaster management domain.  

Not viable (-): The last option is that the modelling language is not viable for the corresponding requirement. 

This means that the modelling language does not consist of the required attributes or cannot be modified without 

great efforts to sufficiently address requirements. 

Requirement 

type 

Domain  requirement Technical requirement 

Functional 

Actors 

Show different kind of actors (formal and 

informal actors, emergent and established, etc.) 

An entity notation which differentiates different 

sorts of entities.  

Entity notation which includes different 
attributes. 

Show clusters within the model A group visualization which shows the 

boundaries of a certain group. 

Information 

Activities 

Show direction and dependencies of 

information flows in order to evaluate the 

connection between nodes  

Information flow arrows which enabling various 
information dependencies. 

Cardinality notations 

Mapping data-quality aspects: Accuracy, 

Timeliness, Completeness, Consistency, 
Relevance, and fitness 

Notation for data collectors and data collection 

methods, including the data collecting devices. 

Show data collection schedules  Show schedules of data collection with a time 

indicative notation. 

Inter-

dependencies 

Analyze the information domain layer of Net 
centric system by visualizing systems used for 

information exchange 

A notation for systems and methods which are 
used to exchange data. 

Visualization of ICT model Show data interactions between systems with 

arrowed notation.  

Non-

functional 

The model should re-use concepts and ideas from 
existing languages  

The language should be adjustable to various 

domain specific configurations. 

The language should enable the user to model 
as-is and should-be situations. 

The language should be graphically visualizable 

and usable. 

The language should be easily adoptable & 
adjustable in a crisis. 
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Table 6. Requirements vs existing modelling languages 

According to the literature study when designing a new modelling language, other successful existing modelling 

languages should be used as a fundament (Frank, 2013). The result shows that none of the currently used 

modelling languages are completely adequate to be used for information flow setups in crisis situations, further 

illustrating the need to create a new language. When purely looking at the number of requirements filled, the most 

logical choice should be Unified Modelling Language (structural), Integration definition, Express or Entity 

Relationship Model. These modelling languages have in common that they all operate with a systematic point of 

view. They model systems in a way that relations and entities are modelled logically. This concurs with the 

systematic view of inter-organizational disaster management used in the literature (Bahadori et al., 2015).  

These languages still require further adjustments to address all requirements as none fits all requirements. A 

combination of languages is likely needed to create a first base which could be further modified to the crisis 

management domain. The exact implementation of this language would also need to take the non-functional 

requirements into consideration, especially considering the use in the field of emergency response. For these 

requirements a design process is required close collaboration with the intended target audience and future users.  

CONCLUSION

The goal of this research was to demonstrate the potential and need of a new modelling language for information 

flows in an inter-organizational emergency response context. At the same time, through this analysis, the research 

provided first insights to what steps and requirements would be needed to create a DSML to document and 

evaluate information flow setups in crisis responses. Eventually such as language would improve the evaluation 

of information flow through better documentation of information setups in relation to coordination structures. 

While this study is the first step, several insights have been gained necessary for further development.  
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Technical requirement ↓ 

An entity notation which 

differentiates different sort of 

entities 

- +* +* +* - +* +* - - - +* - +* 

Entity notation which 

includes different attributes 
+* - +* - - +* +* - - - +* - +* 

Information flow arrows 

which are able to show 

different kind of flow 

dependencies  

+* - +* - + - - +* - +* +* +* +* 

Cardinality notations - - + - - +* - - - - +* - +* 

Notation for data collectors 

and data collection methods, 

including the data collecting 

devices 

- - - - +* - +* - - - - +* - 

A group visualization which 

shows the boundaries of a 

certain group 

- +* - - - +* - - +* +* - - - 

A notation for systems and 

methods which are used to 

exchange data 

- - +* +* - +* - - - +* +* - +* 

Show data interactions 

between systems with 

arrowed notation 

- +* +* +* - +* +* - - - +* - +* 

Show schedules of data 

collection with a time 

indicative notation 

- - - - - - +* - +* - - - - 
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Firstly, a tailor-made domain specific modelling language is a suitable solution for the current lack of an 

evaluation method to evaluate information flow setups in crisis management. This modelling language could be 

used in sudden-onset disasters in both national and international contexts. While there are differences between 

national and international crises, these differences could be negated with the design of the modelling language 

meta-model. In either case, a multi-actor environment is likely necessary for the modelling language in order to 

be of added value, especially for an evaluation and knowledge base building approach. 

Secondly, the language is useful in a descriptive (as-is) way in the response phase after a hazard strikes, and in a 

prescriptive (should-be) way in the preparedness phase. This creates the opportunity to compare and optimize 

different setups for ongoing and future crises. In other words, a modelling language can be used to document the 

ongoing situation, even as it evolved which provides valuable insights for the actor on-site (getting people on the 

‘same page’) as well as for after-action analysis. At the same time, the modelling language can be used to design 

and document standardized approaches. Which in turn can be used a ‘templates’ in an emergency for quick 

adaption. For these purposes the usability of the language is a key consideration, including the visualization.   

Finally, the design of the language follows a set of requirements. The identified requirements show that existing 

modelling languages are not directly applicable and therefore a DSML is needed. However, an existing modelling 

language could be used as the core framework. On this language modifications and additions can be made which 

could be extracted from other languages. Next specific domain requirements not captured by existing languages 

should be integrated, such as the time indicative notations. As well as the non-functional requirements specifically 

for use during emergency operations. As with many languages this will be ongoing & iterative development.  

Future Research

As a preliminary, explorative study, a number of future directions of research are provided. This study ends with 

a set of requirements which have been validated with several experts and used to examine the suitability of existing 

languages. A next step would be to design the actual DSML in close collaboration with the end users. For example, 

following a design science approach which includes the design of the meta-model, components, and rules of a 

new modelling language. Additionally, and over time, the users would also play a more important role in the 

design and evaluation the language. Eventually the language should thereafter be validated (e.g. consistency) and 

tested in real crises (e.g. coverage or usability). With the (initial) modelling language, new research opportunities 

arise. Including the comparison and evaluation of different information structures. Different cases, even historical 

ones, could be modelled with the language. Next, these setups could be compared, for example on the role of 

systems, actors, and tools as well as the performance of various configuration in different contexts. The resulting 

insights would help organizations better prepare for different situations being able to quickly determine, design 

and implement inter-organizational information flows.  
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