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ABSTRACT 
 
 

Designing Collaborative Technologies for Long-term Emergency Planning 
 

Sara Tena García 
Computer Science and Engeneering Department 

Universidad Carlos III de Madrid 
 
 

Emergency Management is the discipline and profession of applying science, technology, 

planning and management to deal with events that can injure or kill large numbers of people, 

do extensive damage to property, and disrupt community life (Haynes et al., 2007). Within 

this discipline, emergency planning is the path to be prepared for facing such events. 

Emergency planning is an on-going process aimed at ensuring that a community has the 

necessary resources and procedures to face an emergency situation (Perry and Lindell, 

2007a). With such an aim, representatives from the different services involved in the 

response, authorities, and temporary multi-organizations collaborate to define an effective, 

flexible, and timely response. The definition of this effective response relies not only on the 

exchange of ideas, but also on the continuous review, update, and improvement of 

emergency plans (Perry and Lindell, 2003b). That becomes emergency planning in a long-

term collaborative process, where planning effectively is a matter of time and, more 

specifically, a matter of continuity. However, the achievement of continuity is not a trivial 

task due to the extension of the emergency-planning process over time. The extension of the 

emergency-planning process over time causes large gaps in time and a high turn over of 

personnel that forces planners to collaborate in an indirect way continuing the work of people 

they have never met. This provokes the lost of relevant planning information over time and 

hinders the achievement of continuity in emergency planning.  

In attempts to achieve continuity, in real practices, emergency planners resort to create 

reports and dossiers that compile information about the emergency situation, the response, 

and the design process itself. Although these external artifacts are good enough to create a 

structured based of knowledge about the process, they do not provide enough information to 

acquire understanding of how the emergency plan was made over time. As an alternative, 

collaborative technologies could be a suitable mechanism to extend human limits and 
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provide the necessary continuity for effective planning. Nevertheless, existing collaborative 

technologies designed for supporting the emergency-planning process so far have left aside 

the relevance of long-term indirect collaboration issues during the process. Collaborative 

technologies focus on supporting the process of planning, but not on maintaining the needed 

information for achieving a sense of continuity in the planning process.   

With the purpose of improving emergency planning practice, the aim of this thesis work is 

providing a sense of continuity during the definition of emergency plans by means of 

collaborative technologies. Achieving such continuity will rely on the construction of the 

design story of emergency plans; that means, the story of how an emergency plan has been 

created over time. Therefore, collaborative technologies must be designed to capture and 

present information from the emergency-planning process over time. Accordingly, the goal 

of this thesis work is the definition of a conceptual framework that establishes the basis for 

the design of collaborative technologies that help to construct the design story of emergency 

plans.  

The conceptual framework proposed in this thesis work has been lately evaluated for 

providing evidence that the solution developed achieves the purpose for which it was 

conceived: leading the design of collaborative technologies that assist the construction of the 

design story of emergency plans. For providing such evidence, four evaluation methods have 

been used -experts surveys, software prototype, usability evaluation and a controlled 

experiment- to prove both the specification of the framework itself and the validity of the 

framework in use.  

 

Keywords:  emergency planning, long-term collaboration, collaborative technologies, 
continuity, design story, framework 
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RESUMEN 

 
 

Designing Collaborative Technologies for Long-term Emergency Planning 
 

Sara Tena García 
Computer Science and Engeneering Department 

Universidad Carlos III de Madrid 
 
 

La Gestión de Emergencias es la disciplina y la profesión que se ocupa de la aplicación de la 

ciencia, la tecnología, la planificación y la gestión para hacer frente a eventos que pueden 

herir o matar a un elevado número de personas, causar grandes daños en las propiedades e 

interrumpir el curso de vida normal (Haynes et al., 2007). Dentro de esta disciplina, la 

planificación de emergencias es conocida como el camino a seguir para estar preparados y 

hacer frente a este tipo de eventos que producen situaciones de emergencias. La planificación 

de emergencias es, por tanto, un proceso continuo destinado a garantizar que una comunidad 

tiene los recursos y procedimientos necesarios para hacer frente a una situación de 

emergencia (Perry and Lindell, 2007a). Con tal objetivo, los representantes de los diferentes 

servicios implicados en la respuesta a una situación de emergencia, las autoridades y multi-

organizaciones temporales colaboran para definir una respuesta eficaz, flexible y adecuada. 

La definición de dicha respuesta se basa no sólo en el intercambio de ideas por los expertos, 

sino también en una continua revisión, actualización y mejora de los planes de emergencia 

(Perry and Lindell, 2003b). Todo ello convierte la planificación de emergencias en un 

proceso de colaboración a largo plazo, donde una planificación eficaz se consigue en el largo 

plazo y más específicamente con continuidad en el proceso de planificación. Sin embargo, el 

logro de esta continuidad no es una tarea trivial debido a la extensión del proceso de 

planificación de emergencias en el tiempo. La extensión del proceso de planificación de 

emergencias en el tiempo provoca grandes brechas temporales y una alta rotación de 

personal que obliga a los planificadores a colaborar de una manera indirecta y a continuar el 

trabajo de personas que nunca han conocido y con las que nunca han trabajado. Esto provoca 

una pérdida de información relevante sobre la planificación a lo largo del tiempo y dificulta 

el logro de la continuidad en el proceso de planificación. 
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Con el objetivo de lograr continuidad,  en la práctica de la planificación de emergencias, los 

planificadores de emergencias recurren a crear informes y documentos que recopilan 

información sobre la situación de emergencia, la respuesta y el propio proceso de diseño de 

los planes de emergencias. Aunque estos artefactos externos son lo suficientemente buenos 

para crear una estructura basada en el conocimiento sobre el proceso, no proporcionan 

suficiente información para adquirir la comprensión de cómo se hizo el plan de emergencia a 

lo largo del tiempo. Como alternativa, las tecnologías colaborativas podrían ser un 

mecanismo adecuado para extender los límites humanos y proporcionar la continuidad 

necesaria para planificar de manera eficaz. Sin embargo, las tecnologías colaborativas 

existentes hasta el momento se han diseñado para apoyar el proceso de planificación de 

emergencias y han dejado de lado la importancia de cuestiones de colaboración indirecta a 

largo plazo durante el proceso como la continuidad. Las tecnologías colaborativas existentes 

se centran, por tanto, en soportar el proceso de planificación, pero no en el mantenimiento de 

la información necesaria para lograr un sentido de continuidad en el proceso de planificación. 

Con el propósito de mejorar la práctica de la planificación de emergencia, el objetivo de este 

trabajo de tesis se centra en proporcionar un sentido de continuidad durante la definición de 

los planes de emergencia por medio de las tecnologías colaborativas. El logro de dicha 

continuidad se basará en la construcción de la historia del diseño de planes de emergencia; es 

decir, la historia de cómo se ha creado un plan de emergencia a lo largo del tiempo. Las 

tecnologías colaborativas deben ser diseñados para capturar y presentar la información del 

proceso de planificación de emergencias en el tiempo. En consecuencia, el objetivo de este 

trabajo de tesis es la definición de un marco conceptual que establece las bases para el diseño 

de tecnologías colaborativas que ayuden a construir la historia del diseño de planes de 

emergencia. 

El marco conceptual propuesto en este trabajo de tesis se ha evaluado recientemente para 

proporcionar evidencia de que la solución desarrollada logra el propósito para el que fue 

concebido: guiar el diseño de tecnologías colaborativas que ayuden a la construcción de la 

historia del diseño de planes de emergencia. Para proporcionar esas pruebas, se han utilizado 

cuatro métodos de evaluación: encuestas a expertos del dominio, un prototipo software, una 
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evaluación de usabilidad y un experimento controlado. Esto ha permitido probar tanto la 

corrección del marco en sí y como la validez del marco conceptual en uso. 

Palabras clave:  planificación de emergencias, colaboración a largo plazo, tecnologías 
colaborativas, continuidad, historia del diseño, marco conceptual  
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1 INTRODUCTION 

In general terms, Emergency Management is the discipline and profession of applying 

science, technology, planning and management to deal with events that can injure or kill 

large numbers of people, do extensive damage to property, and disrupt community life 

(Perry and Lindell, 2003a). Such events can vary from human-caused emergencies to 

natural disasters, including acts of terrorism, bridge failures, and severe weather, among 

others. Vivid examples of such events like the terrorist attacks of September 11th in 2001 

or the Hurricane Katrina in 2005 have become Emergency Management in a highly 

salient arena of work and activity in contemporary society (Perry and Lindell, 2003a). 

But, regardless of the nature or impact of crisis events, the goal of emergency managers is 

always the same: to identify, anticipate, and respond to risks in order to reduce to more 

acceptable levels the probability of their occurrence or the magnitude of their social 

impacts. Given the increasing toll from emergencies, governments worldwide increased 

their concern with the need of identifying and anticipating the risks of catastrophic events 

to reduce the magnitude of their impacts. In this foresighted context, emergency planning 

has therefore advanced significantly, transforming its role in a building block of 

emergency management (Haddow and Bullock, 2006) and, as Perry and Lindell (Perry 

and Lindell, 2003a) stated, becoming the path for preparedness. 

Being prepared before an emergency occurs is highly dependent on having an emergency 

plan in place. Emergency planners must plan for all kind of emergencies, disasters and 

catastrophes to manage all phases of emergency management, but most of them 

commonly work in a local jurisdictional context and with an operational procedure 

approach (Perry and Lindell, 2003a). The operational procedure approach is normally 

focused on identifying events to be managed, examine the available resources and create 

strategies and tactics for addressing emergency demands. As consequence, emergency 
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plans defined in local jurisdictional contexts are operational-descriptive documents that 

do provide an explanation of roles and responsibilities, tasks, integration, and actions 

required of a jurisdiction or its departments and agencies during emergencies (Lougher 

and Rodden, 1993). Given its significance within preparedness, this thesis work is 

centered on the definition of operational emergency plans.  

The process used to define operational emergency plans, known as the emergency-

planning process, is a process that compels extended periods of evolution and redesign, 

during which a planning team has to collaborate and coordinate their effort to define “the 

best” solution to face emergency situations. The planning team, often composed by 

experts from different disciplines and with a wide variety of levels of experience, usually 

meets several times a year to work hand in hand and discuss about the appropriate roles, 

tasks, resources and response strategies until the operational procedure is defined. But the 

process does not finish there; as time passes, emergency planners meet for time to time 

with the intend of amending plans by applying the lessons learnt from experience and by 

updating the emergency plan according to different changes rose in context, equipment or 

personnel. That becomes emergency planning in a long-term collaborative process, in 

which indirect collaboration between planners is present all along the process. The large 

separations of time existing all along the whole emergency-planning process and the high 

turnover of personnel forces planners to continue the work of people they have never met, 

turning direct communication and collaboration in a non-trivial task (Lougher and 

Rodden, 1993).  

1.1 Problem Statement 

The study of the emergency-planning practice and the way the emergency-planning 

process is depicted in literature denotes that planning effectively is a matter of time and, 

more specifically, a matter of continuity (Perry and Lindell, 2003b). Continuity in 

emergency planning enables keeping a link between the past and the present. It allows 

maintaining an uninterrupted understanding of the on-going work, an understanding that 

informs decisions and actions during the lifetime of the activity. Emergency plans are not 

usually designed from scratch, but based on previous plans, knowledge and experiences. 
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Planners commonly take advantage of the experience of other planners, as well as plans 

generated over time -even for different jurisdictions- for improving emergency plans. 

Decisions taken all along the emergency-planning process are therefore relied on the 

accumulated information generated from specific individual knowledge, participants 

experience, collaborative discussions and lessons learnt in previous years (Haynes et al., 

2007). That is the basis for continuity and the main reason for planning effectively. 

Continuity allows planners to link past planning experiences, knowledge and decisions 

with present situations and discussions providing a better understanding of the emergency 

plan over time.  

For creating such link of previous and present planning information, nowadays 

emergency-planners resort to create reports and dossiers that compile information about 

the emergency situation, the response, and the design process itself. Although these 

external artifacts are good enough to create a structured based of knowledge about the 

process, they do not provide enough information to acquire understanding of how the 

emergency plan was made over time to plan effectively (Haynes et al., 2007). Emergency 

planners need acquire understanding of how the emergency plan was made by others: 

how the decisions they make interact with the decisions that others made, where these 

decisions came from, why such decisions were taken, and how the emergency plan has 

evolve over time (the compilation of all this information will be call in this thesis as 

design story). But, real-time access to all these accumulated knowledge, previously 

encountered data, experience, and representations constructed and used in the past is hard 

to hold in mind over time, even manually maintain (Ericsson and Kintsch, 1995). In this 

sense, collaborative technologies could be a suitable mechanism to extend human limits 

and provide the continuity for planning effectively. However, existing collaborative 

technologies designed for supporting the emergency-planning process so far have left 

aside the relevance of long-term indirect collaboration issues during the process (see 

Chapter 3). Collaborative technologies focus on supporting the process of planning, but 

not on maintaining the design story for achieving a sense of continuity in the planning 

process.  

Otherwise, the issue of long-term indirect collaboration has been so far largely studied in 

HCI and CSCW, especially to depict the way of supporting collaborative design works. 
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Issues such as design rationale and awareness have been discussed in this topic over the 

past decades because in ongoing projects such as emergency planning, long-term indirect 

collaboration is crucial for success, yet difficult to achieve (Fischer and Shipman, 2011). 

This difficulty is due to the ignorance of how current decisions are consistent with the 

ones previously made. For overcoming such difficulty, design rationale (DR) approaches 

focus on keeping the explanations of why an artifact, or some part of an artifact, is 

designed the way it is (Lee and Lai, 1991). Commonly, DR includes all the statements of 

reasoning underlying the design process that explain, derive and justify decisions. This 

allows getting an overview of the rationale associated to the design of an artifact. All 

along the history of design field, several semiformal notations for structuring arguments 

about design decisions, methods and tools for recording rationale have been defined 

under the thought that by making the structure of arguments explicit design rationale 

could be more rigorously constructed and communicated among designers and might help 

to understand the design process. Nonetheless, although DR offers an important part of 

the design process for understanding it, they still present shortcomings for understanding 

the whole design process over time –the design story. DR approach does not consider 

relevant information that would allow designers to get a big picture of the whole design 

process over time, such as the context of design and the people involved in the design 

process. 

Long-term indirect collaboration requires that present-day designers be aware not only 

the rationale behind decisions (Moran and Carroll, 1996), but also any information about 

possible alternatives that were considered but not implemented. In this sense, awareness 

approaches intend to make more emphasis on the understanding of the overall state of a 

system or activity. Particularly, activity awareness, understood as “people’s ability to get 

and maintain ‘the big picture’ about the ongoing collaboration while they are working 

together on long-term projects” (Convertino et al., 2004), is focused on assisting long-

term activities. In theory, this approach aims to ultimately provide awareness about the 

team, the environment, and the activities as well as about the evolution of the activities 

over time (changes, alternatives, reasoning, future plans, etc.). But, despite its 

importance, systematic support for this feature in collaborative systems has resulted still 

partial. Ad-hoc solutions are prevailing, making the focus on the activity traceability 

(tasks and process), leaving aside the environment, the social and organizational setting, 
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and the situations in which designers perform their tasks; relevant information for getting 

the design story.  

In short, existing collaborative technologies designed for supporting the emergency-

planning process so far have left aside the relevance of long-term indirect collaboration 

issues such as continuity. Collaborative technologies focus on supporting the process of 

planning, but not on maintaining the design story for achieving a sense of continuity in 

the emergency-planning process. In addition, neither existing solutions from DR and 

awareness approaches provide enough information and support to allow designers to get 

an understanding of the design story that will allow achieving continuity in emergency 

planning, and, consequently, planning effectively.  

 

1.2 Objectives 

The final purpose of this thesis work is to improve the definition of emergency plans 

through the achievement of continuity in emergency planning. The achievement of such 

purpose is build on the hypothesis that a sense of continuity can be reached by 

constructing the design story of how an emergency plan has been developed over time by 

means of collaborative software systems. Thus, with the purpose of achieving 

continuity in emergency planning for planning effectively, the aim of this thesis 

work is to define a conceptual framework that establishes the basis for the design of 

collaborative software systems that help emergency planners to construct the design 

story of emergency plans. For accomplishing this aim, it is necessary to fulfill a set of 

research objectives that frames the scope of the research work: 

1. Studying the emergency planning practice. As a first step for defining what 

continuity means in emergency planning, it is needed to deepen the grasp of the 

emergency planning process and the way of putting it into action. 

2. Setting out the conceptualization of design story in emergency planning. Continuity 

is a multidimensional concept that comprises individual and organizational 
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perspectives. Designing long-term collaborative software systems for achieving a 

sense of continuity requires the identification of the essential factors that contribute 

to build the story of how emergency planning takes place over time.  

3. Modeling the design of collaborative software systems for constructing the design 

story of emergency plans. Building software systems requires schematic descriptions 

and representations that account for their properties and features. Thus, the 

abstraction of continuity must set the models and statements expressing relationships 

among the domain.  

4. Proving the validity of the conceptual framework. It is realized that conceptual 

models that work on paper will not necessary work in real world contexts. 

Consequently, evaluation methods must be applied to test whether the proposed 

conceptual framework is valid for guiding the design of collaborative software 

systems that help emergency planners to construct the story of the emergency plans.  

1.3 Research Approach 

In order to perform a research work, it is necessary to adopt a methodological approach 

that guides the systematic addressing of the research objectives, ensuring both the quality 

and validity of the research contributions (Lazar et al., 2010). Due to the complexity of 

the application domain -emergency planning-, a design research methodology was 

defined based on the research process proposed by Offerman (Offermann et al., 2009). 

Offerman proposes to divide the research process into three main steps: problem 

identification, solution design, and evaluation. The instantiation of such research process 

is made by the methods and techniques used to face each of the steps (Figure 1-1 depicts 

the research process applied to this thesis work). 
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Figure 1-1. Research approach based on Offerman’s Research Process (Offermann et al., 
2009) 

Problem Identification Phase 

A research problem is identified and refined in the course of the phase to assure its 

relevance and understanding. In this case, the identification of the gap in knowledge in 

computational solutions that support long-term indirect collaboration in emergency 

planning is made through the use of two different techniques: literature review and field 

study. 

• Literature review: this technique provides a summary of significant works in order 

to identify possible gaps in knowledge. The literature review includes an 

examination of the emergency planning literature for understanding the process, the 

state-of-the-art of temporal concepts related with long-term collaboration -design 

rationale and awareness-, and the empirical review of existing collaborative 

technologies that support the emergency-planning process. 

• Field study: this technique is oriented to study the emergency planning process in 

order to identify limitations in current work practices. With such a purpose, inquiry 

techniques that allow carrying out direct observations in real work settings were 

used.  

Solution Phase 
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After defining the problem and pre-evaluating its relevance, a solution is defined in the 

form of a design artifact: a conceptual framework. Research rigor is ensured in this 

second step by using all available related work. The definition of the conceptual 

framework is based on the lessons learnt from the field study and the theoretical 

foundations of the base of knowledge.  

• Literature review: the establishment of the theoretical foundations for the solution 

is relied on the review made through the base of knowledge. Existing collaborative 

tools that support the emergency planning process, design rationale and awareness 

approaches have been therefore the basis for the requirements elicitation.  

• Field study: together with the literature review, the critical analysis and assessment 

of the results got from the field study, as well as the lessons learnt have been used for 

grounding the solution. As consequence, more requirements and needs are identified.  

Evaluation Phase: 

Evaluation phase is focused on providing evidence that the solution developed achieves 

the purpose for which it was conceived; in this particular case: leading the design of 

collaborative technologies that assist the construction of the design story of emergency 

plans. For providing evidence, the evaluation of the conceptual framework is aimed to 

prove both the specification of the framework itself and the validity of the framework in 

use through four evaluation methods: 

• Experts Survey: for measuring whether the conceptual framework is well 

constructed, it is important to test the quality of the solution. Since the proposed 

solution is conceived to guide the design of collaborative technologies for the 

domain of emergency planning, data must be collected from two different kind of 

experts: emergency-planning experts and interactive system designers. The role of 

emergency-planning experts in the survey is to verify that the conceptual framework 

covers the main tasks and needs from the emergency-planning domain. Whilst 

designers must verify the understandability and validity of the framework to be used 

for designing collaborative technologies.  
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• Software prototype: the validity of the framework in use is tested through the 

development of a software prototype. The use of the conceptual framework as basis 

for designing the software prototype serves as proof of concept of the framework to 

guide the design of collaborative software systems that help emergency planners to 

construct the design story of emergency plans.  

• Usability Evaluation: to reinforce the applicability of the conceptual framework, a 

usability evaluation is performed on the software prototype to test if such proof of 

concept is easy to learn and use. In short, the objective is to test whether the software 

prototype designed by using the conceptual framework can be used to define 

emergency plans. 

• Controlled Experiment: the design and execution of a controlled experiment is 

intended to test the capability of the technology to be used as a mean for constructing 

the design story of emergency plans. With such an aim, a set of users must use the 

software prototype to develop an emergency plan for an extended period of time. 

During planning meetings, relevant information is stored and presented to users to 

help them constructing the story of how the emergency plan has been developed over 

time.  

1.4 Research Contributions 

The contributions of this thesis work can be seen from three different perspectives: 

theoretical, technological, and empirical.  

The main contribution of this thesis can be described from the theoretical perspective. 

The work contributes by providing a conceptual framework for designing collaborative 

software systems that helps to construct the design story of emergency plans. Thanks to 

the study of emergency planning practice, and the study of design methods, techniques, 

and procedures, the framework provides a conceptualization of the essential factors and 

elements needed for constructing the design story of emergency plans and the basis for 

orienting the design of collaborative software systems that help to it. It is therefore 

expected that the framework will improve the design of collaborative software systems 
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for achieving a sense of continuity in emergency planning and, consequently, the 

effectively of planning practice.  

Regarding the technological perspective, this thesis work contributes with a novel 

prototype of a collaborative software system for the context of emergency planning. The 

software prototype developed as a proof of concept of the conceptual framework follows 

an approach that has not been considered in existing technologies for the emergency-

planning process. The prototype captures and presents design information of emergency 

plans to allow planners to construct the story of how an emergency plan has been 

designed over time. Thus, the design used into the software prototype may be used by 

other researchers as a basis for applying the three elements of the conceptual framework; 

especially, the design guidelines.  

Finally from an empirical perspective, this thesis work contributes with an ethnographic 

study of two years in the context of local emergency planning. The ethnographic study 

helps to understand the issues, problems and challenges of long-term indirect 

collaboration. Findings and insights of the study can so serve as a lesson for future 

studies. Other researchers can use it for getting a better understanding of emergency 

planning at the local level, developing new studies, and using the findings for other 

designs. Thereby, this thesis contributes with findings from an ethnographic study and its 

relation with the design of collaborative software systems.  

1.5 Outline of the Thesis 

This dissertation is divided into six chapters and a section of references. Excepting the 

current chapter, the thesis compiles the following information. Chapter 2 compiles the 

review and the analysis of theoretical foundations related to the scope of this research 

work: emergency planning, long-term collaboration in design. First section of the chapter 

is oriented to deep in the foundations of emergency planning, the base of the work. The 

second section reviews different issues related to designing in the long-term and its 

computational support. Topics as design rationale and awareness are considered in this 

review. 
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In Chapter 3, with the purpose of identifying the research problem of this thesis work, a 

descriptive case study in the emergency planning context and a review of existing 

solutions are reported. The results of the case study were used as the base for discussing 

and analyzing previous research in technological support of emergency planning 

activities. Research works are finally critically reviewed and limitations and research 

gaps exposed. 

With the purpose of addressing the design of collaborative technologies for constructing 

the story of the development of emergency plans as a mean for achieving continuity, a 

framework is presented in Chapter 4. This framework includes a set of requirements, the 

essential information needed to construct the design story of emergency plans, and the 

design guidelines for designing collaborative technologies.  

Chapter 5 compiles the set of evaluation methods used to assess the quality, validity and 

efficacy of the proposed framework. An expert survey has been conducted with the aim 

of testing the quality of the conceptual framework. Furthermore, a software prototype, a 

usability evaluation and a controlled experiment have been developed with the purpose of 

testing the validity of the conceptual framework to guide the design of collaborative 

technologies that help to construct the design story of emergency plans for achieving a 

sense of continuity over time.   

Finally, Chapter 6 concludes the thesis by reflecting and synthesizing the knowledge 

formed during the performance of the research work. It also includes a summary of the 

most relevant ideas of the work, exposing its limitations. Lastly, further research 

directions are proposed.  
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2 BACKGROUND RESEARCH 

Being prepared is the first step, and probably the most important, to effectively react to an 

emergency situation. To be ready to react requires the definition of procedures and 

actions that promise the protection of the society, its properties and infrastructures, and 

the environment itself. The definition of those procedures and actions is the reason to be 

of emergency preparedness. Formally, emergency preparedness refers to “the readiness 

of a political jurisdiction to react constructively to threats from the environment in a way 

that minimizes the negative consequences of impact for the health and safety of 

individuals and the integrity and functioning of physical structures” (Perry and Lindell, 

2003a). The achievement of emergency preparedness takes place through a process of 

planning, training and documenting, accompanied by the acquisition of equipment and 

apparatus to support emergency action (Gillespie and Colignon, 1993). The response 

measures, actions and procedures generated in planning are commonly tested through 

drilling and exercises in training and, finally, documented in a written plan. Emergency 

planning may be therefore regarded as the starting point for an effective emergency 

preparedness and, consequently, the most important activity to make ready to 

successfully react. Emergency planning is the systematic process of collectively thinking 

about and establishing all the activities required to face with different incidents, crisis, 

and disasters (FEMA, 1996). This process of thinking mainly relies on integrating 

knowledge over time from different experts, ensuring that the definition of the plan is 

suited to the considered environment (Haynes et al., 2007; Díez et al., 2014). 

Accordingly, the following subsection reviews the concept of emergency planning, the 

main characteristics of the emergency-planning process: collaboration, design and long-

term, as well as those factors that determine the support of long-term collaborative 

activities such as emergency planning (design rationale and awareness). 
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2.1 Emergency Planning 

Emergency planning plays a significant role within the emergency management 

discipline (Perry and Lindell, 2007b). It is considered as an essential procedural and 

documentary process to reduce human and property losses, and to easy the recovery of 

crisis-damaged communities. More specifically, emergency planning has an implication 

in all and each of the four phases of the Emergency Management (EM) discipline: 

mitigation, preparation, response, and recovery (Perry and Lindell, 2007b). Mainly, 

planning aims to create preparedness, but such preparedness influences response and 

recovery. Emergency plans guide operational decisions for managing agent-generated 

and response-generated demands, but when the incident demands deviate from 

expectations, response organizations improvise, hampering subsequent recovery. Finally, 

the planning process identifies the availability of mitigation measures, determining the 

effect of mitigation. This relevance in emergency management directly influences on the 

complexity of the process. Emergency planning is therefore not only important, but also 

complex (Perry and Lindell, 2003b). With the purpose of acquiring a better understanding 

on this concept, following subsections present the definition of ‘emergency planning’ as 

well as the main characteristics of the emergency planning process. 

2.1.1 Defining Emergency Planning 

Despite the relevance of emergency planning in the field of Emergency Management, 

there is not still a broadly accepted definition of ‘Emergency Planning’. The first 

controversial point lies in the term. While some authors use the term ‘emergency 

planning’, other authors use terms such as ‘emergency management planning’ (Schafer et 

al., 2008), ‘emergency response planning’ (Erickson, 1999) or ‘emergency operations 

plan’ (Alexander, 2005). Although emergency planning and response operations must be 

linked, emergency planning should not be confused with operations. Planning is 

preparing before the event. Since this research work is not focused on supporting 

response decisions during disasters, but on supporting the previous definition of strategies 

and tactics for addressing crisis demands, and in order to avoid misunderstandings, the 

term ‘emergency planning’ will be used. 
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Planning takes place in a variety of context and jurisdictions levels, each of them with 

different purpose, implications, and constraints. According to the FEMA (FEMA, 1996), 

emergency planning takes places at three government levels: federal, state or local. 

Leaving aside cultural and political issues, this organizational structure can also be found 

in European countries. In this case, the federal, state and local levels are mapped as 

national, regional and local levels. At the federal (national) level, emergency planning 

provides a context for planning in light of other existing plans and describes a universal 

planning process. The federal level is focused on establishing no immediate requirements, 

but suggesting a set of guidelines for performing emergency planning. The state 

(regional) level plays three different roles: assisting local jurisdictions whose capabilities 

are overwhelmed by an emergency, responding first to certain emergencies, and working 

with the Federal Government when federal assistance is necessary. The state level is in 

short the framework within which local emergency plans are created and through which 

the Federal Government becomes involved. As such, the state level ensures that all levels 

of government are able to mobilize as a unified emergency organization to safeguard the 

well being of citizens. Finally, the local level is where all incidents start. Local 

governments are the first responders to an emergency situation. Local responders, 

through training and experience know local terrain best. They also know the local needs 

best. These factors emphasize that the most effective emergency management can be 

accomplished when the local responders have the adequate resources and strategies. As 

consequence, local governments focus on defining the set of protocols and measures that 

are essential for protecting the community, becoming the local level in the reference level 

of emergency planning (Perry and Lindell, 2007a). Due to this signification, the 

following definitions are focused on stating emergency planning within the local 

jurisdictional context. 

Perry and Lindell (Perry and Lindell, 2007b) define emergency planning as: 

  “The process that defines how well a community can co-exist with hazards”  

From their understanding, emergency planning may be conceived and implemented as a 

process. They argue that although there is a tendency to equate emergency planning with 

the presence of a written plan, emergency planning is a never-ending process in which 
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threat assessment must be performed continuously. It is important therefore from their 

view to differentiate between the product –emergency plan- and the process –emergency 

planning. Similarly, Cigler (as cited in (Williams et al., 2000)) already defined in 1987 

emergency planning as: 

“the process of developing and implementing policies and programmes to avoid 

and cope with the risks to people and property from natural and man-made 

hazards”.  

More specifically, response operations consist of actions taken by response personnel and 

emergency managers during the emergency planning process. Other authors such as (Wu 

et al., 2008), define emergency planning as: 

“an approach to deal with hazards that is driven by hazard assessment and risk 

reduction”.  

In this case, authors put the focus on the aim of the process. Similarly, Haynes et al. 

determined that:  

“emergency response planning is concerned with ensuring that a community has 

the necessary people, equipment, and procedures to respond effectively to emergencies 

and disasters of varying scale”.  

According to these definitions, the reason to be of emergency planning is the protection 

of the society, its properties and infrastructures, and the environment during an 

emergency situation. As a compilation of these two points of view, one more process-

oriented and other more goal-oriented, in this work the concept of 'emergency planning' is 

defined as: 

Emergency-Planning Definition. The process of development, 

refinement, and maintenance of a predefined set of procedures oriented 

to prevent, reduce, and cope with critical incidents and emergency 

situations. 
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In this way, emergency response should be considered as a problem-solving process, and 

emergency planning can be regarded as a design process in which a planning team 

explores the space of alternatives to define the needed set of actions to face an 

emergency. 

2.1.2 Emergency-Planning Process at the Local Level 

As process dealing with natural hazards and human-made disasters, emergency planning 

is driven by two main objectives: hazard assessment and risk reduction (Perry and 

Lindell, 2003a). Hazard assessment involves the analysis of threats that have previously 

affected the community and the estimation of new ones. Once threats are identified, an 

assessment of risks should be made. The assessment of risks includes evaluating the 

probability of occurrence as well as the magnitude of the undesirable consequences. Risk 

reduction objective involves an examination of the actions required to decrease the 

detected or projected levels of danger and to identify the resources required for 

implementing those actions. This examination process is based on exploring solutions, 

analyzing alternatives, and making choices. Being prepared requires therefore the 

definition of a series of actions conducted in a certain manner during the emergency as a 

way of facing with and resolving it. 

While the objectives of emergency planning are broadly accepted, there are more 

controversial about the process to fulfill such objectives. Traditionally, Quarantelli 

(Quarantelli, 2000) defines a planning process divided into five phases: project definition, 

analysis of potential problems, resource analysis, definition of roles and responsibilities, 

and development of strategies.  The project definition determines the aim, objectives, 

scope, and context of an emergency plan, describes the tasks required and the resources 

needed to perform these tasks. The analysis of potential problems examines in more 

detail the hazards and vulnerabilities, their causes, possible preventive strategies, 

response and recovery strategies, and trigger events for these strategies. It will provide 

information for later steps of the process. The resource analysis examines what resources 

are required, what is available, what is the variation between requirement and availability, 

and who is responsible. Similarly, the description of roles and responsibilities phase 
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outlines who does what during an emergency situation. Finally, the development of 

strategies is concerned with response and recovery strategies and the resources that will 

support them. With many similarities to this referential process, the FEMA (FEMA, 

2007) proposes a comprehensive and blended planning process divided into six steps and 

fourteen activities (see Figure 2-1). Nonetheless, as the same authors point out, this 

planning process is flexible and “allows communities to adapt it to varying characteristics 

and situations”. This planning process applies at all levels of government and, although 

individual planners can use it, can be preferably carried out by planning teams. 

 

Figure 2-1. Steps in the planning process 

Within this planning process two steps must be highlighted: the plan development and the 

plan implementation and maintenance. The plan development must be considered itself as 

a cyclical process, a process of generating, comparing, and selecting possible solutions 

for achieving the goals and objectives identified in the previous step. Planners consider 

the requirements, goals, and objectives to develop several response alternatives. The 

same scenarios used during problem identification are used to develop potential courses 

of action. For example, some prevention and protection courses of action can be 

developed that may require a significant initial action (such as hardening a facility) or 

creation of an ongoing procedure (such as checking identity cards.). Planners consider the 

needs and demands, goals, and objectives to develop several response alternatives. The 

plan implementation and maintenance is oriented to guarantee the validity of the plan 

over time. Exercising the plan and evaluating its effectiveness involve using training and 
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exercises and evaluation of actual events to determine whether the goals, objectives, 

decisions, actions, and timing outlined in the plan led to a successful response. Similarly, 

planners need to be aware of lessons and practices from other communities. Based on the 

information collected from drilling, exercising or practices, planning teams should 

establish a process for reviewing and revising the plan. Reviews should be a recurring 

task. These two steps show foreground one of the most important features of emergency 

planning: its continuing and ongoing nature. 

Similarly, Haddow et al.  (Haddow et al., 2010) depict the planning process as “a 

systematic approach toward a cyclical process to establish preparedness”. This systematic 

and cyclical approach is defined by the continual evolution of four main phases: hazard 

assessment, action planning, implementation plan, and planning review. Hazard 

assessment is focused on identifying the main threads and risks for the community, as 

well as evaluating the probability of occurrence. The identification of risks allows the 

planning team to determine the necessary resources to face the emergency and the main 

tasks to accomplish. Action planning phase is centered on the definition of the response 

strategies to face an emergency. With such an aim the planning team schedules a set of 

planning meetings to collaborate in the definition of strategies that will be finally 

documented in the emergency plan document. The implementation plan and planning 

review phases take place after de the emergency occurs. These two phases provides the 

action-planning phase with relevant information for improvement. They action-planning 

phases is therefore characterized by a cadence improvement grounded on previous 

iterations.  

Finally, Perry and Lindell (Perry and Lindell, 2003b) emphasize the on-on-going nature 

of the emergency planning process, highlighting it as a never-ending process. 

Preparedness is a state of readiness to respond to environmental threats. Because 

vulnerability, resources and organisational structures change over time and performance 

skills disappear when not exercised, planning and training must be continual processes in 

order to establish and maintain emergency preparedness (Daines, 1991; Buckle et al., 

2000). Thus, the emergency planning process does not finish once the response protocols 

have been defined and documented in the written plan. The emergency-plan document is 

an operational-descriptive document that does provide an explanation of roles and 
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responsibilities, tasks, integration, and actions required of a jurisdiction or its departments 

and agencies during emergencies (Lougher and Rodden, 1993). This document must be a 

living document that has to be continually updated according to changes in the 

environment, to the kind and severity of threats and to the amount and quality of 

available personnel, resources, and means. For all response services, any of these changes 

may have an impact on the emergency response. The continuous analysis of hazards and 

changes becomes emergency planning in a long-term process. Hazard vulnerabilities, 

personnel, emergency facilities, and equipment have the potential for changing over time 

and the emergency planning process is the means of detecting, monitoring and 

responding to these changes. Effective planning will be therefore only achieved over 

time, taking as a reference the lessons learnt from experience. 

As above explained, emergency planning is oriented to establish the framework for 

emergency response decision-making and structures the options from which a decision 

maker can choose to address practical challenges and reduce losses, both in terms of 

human life and in damages to property. Due to its intrinsic complexity and the 

multidimensional scope of crisis situations, emergency planning is not performed as an 

individual but a collective team effort (Dynes, 1994). The planning team is usually made 

up of different authorities, agencies and representative services with diverse backgrounds 

and expertise (Dynes, 1990). Authority is shared and resources and expertise are 

therefore dispersed. This multidisciplinary approach of emergency planning suggests that 

different planners, even those representing the same service, provide contributions that 

vary depending on responsibility, background, or involvement level. The participation of 

all the services involved in an emergency response allows planners to be aware of each 

other’s missions, structures and styles of operation, the capabilities and limitations, and 

the mechanisms for coordinating the allocation of resources. This awareness that has its 

roots in the collaboration during the planning process may improve the coordination of 

organizations in the response phase. As consequence, collaboration between participants 

is essential along the emergency planning process: thanks to this collaborative endeavor, 

emergency planners should bring different and often controversial points of view in order 

to achieve a mutual agreement as to roles, responsibilities or actions to undertake. 
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2.1.3 Emergency Planning Team 

Due to its intrinsic complexity and the multidimensional scope of crisis situations, 

emergency planning is not performed as an individual but a collective team effort (Dynes, 

1994). The planning team is usually made up of different authorities, agencies and 

representative services with diverse backgrounds and expertise (Dynes, 1990). 

In most jurisdictions, the emergency manager is the senior official’s policy advisor for 

prevention, protection, response, recovery, and mitigation strategies, as well as overall 

preparedness (Perry and Lindell, 2007a). The emergency manager may also be the 

prevention and protection advisor, if that role is not given to a law enforcement official or 

other designated advisor. In these roles, emergency managers are often responsible for 

coordinating and developing an emergency plan, filling the role of lead planner. This 

means that the emergency manager provides oversight to a jurisdiction’s planning team. 

However, other government agencies or departments may have statutory authority and 

responsibility that overlaps or complements this responsibility. For example, law 

enforcement often has the lead in addressing prevention and protection, while public 

health addresses unique epidemiological issues. It is also important to include a hazard 

mitigation expert on the planning team. Mitigation planners are a valuable resource for 

information concerning hazard analysis, functional vulnerabilities, critical facilities, and 

funding availability. Including mitigation promotes continuity throughout emergency 

planning and helps reduce the number of physical constraints by leveraging resources to 

address anticipated operational requirements. Increasingly, emergency management 

agencies are hiring permanent staff and/or contracting subject matter experts to provide 

expertise on disability, access and functional needs, and children (FEMA, 2007). These 

experts provide critical perspectives and information to ensure individuals with 

disabilities and others with access and functional needs. Good emergency planning 

promotes inter-organizational coordination by finding the ways to get managers and 

employees to actively commit to emergency response goals and responsibilities (Perry 

and Lindell, 2003a). There needs to be a clear agreement among all response 

organizations regarding responsibilities, priorities, and resources. This includes public 

safety agencies and organizations that may be hazard sources (for instance, chemical 
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facilities or nuclear power plants). Each group must be aware of other organizational 

operations and limitations (Perry and Lindell, 2007a). 

Finally, as a community activity (Schafer et al., 2008), emergency planners and managers 

must endorse community engagement to assure an effective response(Perry and Lindell, 

2007a). Emergency planning is the process that defines how well a community can 

coexist with hazards. It is an inherently local activity with geography, local area 

resources, and culture affecting the effort. Engaging in community-based planning 

(planning that is for the whole community and involves the whole community) is crucial 

to the success of any emergency plan: community member roles, such as first responder, 

emergency manager, and local businessman offer different perspectives on planning. 

Each individual involved brings a unique set of beliefs and opinions. As a consequence, it 

is critical to include civic leaders, members of the public, and representatives of 

community-based organizations in the planning process. They may serve as an important 

resource for validating assumptions about public needs, capabilities, and reactions. 

Because many planning assumptions and response activities will directly impact the 

public at large, involving the whole community during the planning phase is essential. 

This involvement should continue during validation and implementation. Moreover, 

engaging the community into the planning process allows focusing planning tasks and 

increasing the community’s preparedness. 

This multidisciplinary approach of emergency planning suggests that different planners, 

even those representing the same service, provide contributions that vary depending on 

responsibility, background, or involvement level. The participation of all the services 

involved in an emergency response allows planners to be aware of each other’s missions, 

structures and styles of operation, the capabilities and limitations, and the mechanisms for 

coordinating the allocation of resources. This awareness that has its roots in the 

collaboration during the planning process may improve the coordination of organizations 

in the response phase. As consequence, collaboration between participants is essential 

along the emergency planning process: thanks to this collaborative endeavor, emergency 

planners should bring different and often controversial points of view in order to achieve 

a mutual agreement as to roles, responsibilities or actions to undertake. 
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2.2 Design, Collaboration and Long-term 

This section reviews the three main concepts related with the characteristics of 

emergency planning: design, collaboration and long-term. 

2.2.1 Design 

In the course of years, there have been many interpretations of what ‘design’ should be 

and what refers to. Different fields such as artificial sciences and engineering (Simon, 

1996; Hevner et al., 2004), innovation and aesthetics (Petroski, 1996; Verganti, 2003), 

management (Dumas and Mintzberg, 1989; Cooper and Press, 1995), arts and creativity 

(Potts, 2009)have work on establishing boundaries to ‘design’. However, ‘design’ is an 

ever changing and evolving field and nothing has been agreed upon its definition. As a 

first step to understand what ‘design’ is, it is important to come back to its Latin roots. 

Etymologically, the word ‘design’ has its root in the Latin word designare, composed by 

the prefix de and the verb signare. The prefix de is used not in the derogatory sense of 

opposition or reversal, but in the constructive sense of derivation, deduction, or inference. 

On the other hand, the verb signare means to mark, mark out, or sign. Therefore, in this 

context, the word ‘design’ is referred to the derivation of something distinguishable by a 

sign or making something and giving it significance designating its relation to other 

things. In English, ‘design’ is both a noun and a verb (Oxford Dictionaries, 2013; 

WordReference, 2013). The verb form usually bears on the process or activity (to plan 

and make something, to conceive, to draft, to sketch, or to form), while the noun form 

may refer to the results from the activity (an sketch, plan, creation, project, or scheme). 

As consequence, existing definitions of ‘design’ in the literature usually draw a 

distinction between the process and the product (Ralph and Wand, 2009); between the 

“act of designing” and the “product which has been made by humans” (D'Ippolito, 2012). 

Additionally to this distinction, among those authors that see design as a process, many 
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viewpoints of the design process have been discussed (Smithers, 1989; Marmolin et al., 

1991; Evbuomwan et al., 1996): 

• Design as an exploratory activity: through an exploration-based model, design is 

described as a knowledge-based exploration task. 

• Design as a creative process: involves the creation of a design solution with help 

of know-how, ingenuity, random search in the solution space, imagination, lateral 

thinking, analogies, brainstorming, etc. 

• Design as a reflective activity: designers are constantly reviewing and reacting on 

the consequences of its interactions with the environment, as a key for 

understanding design. 

• Design as a problem-solving process: in an iterative mixture of top-down and 

bottom-up processes, in this view, design has to start with the definition of a 

problem, finding tentative solutions, clarifying the problem with such solutions, 

finding new solutions, etc.  

• Design as a decision-making process: as the cognitive process resulting in the 

selection of a course of action among several alternatives.  

• Design as information gathering: in this view, design ideas are considered to be 

obtained by using information gathering techniques and integrating knowledge 

from different sources into an unified view. 

• Design as a collaborative process: as a social construction focused on establishing 

and maintaining a shared understanding among the participants. In this view, 

communication and coordination are seen as a critical element. 

Although it seems difficult to draw boundaries within the design field and identify criteria 

for a clear-cut differentiation, three different approaches have been identified in the 

literature: conservative, romantic, and pragmatic (Fallman, 2003). These three approaches 

provide different but equally important attempts to conceptualize what design really is 

and what designers really do when they design. 
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Conservative approach   

The conservative approach considers design essentially as a problem-solving activity; as 

something that begins with the aim of turning an undesired situation into a desired one 

(Simon, 1996). It assumes that there is a problem to be solved and that such problem is 

comprehensively and precisely described, preferably in the form of a requirement 

specification (Löwgren, 1995). In this context, design is though as an engineering 

endeavor with a base of rationalism. The aim of designers is to follow the requirements to 

find solutions that may feasibly be carried out within the boundaries of the design 

project’s constraints. This perspective is commonly supported by software engineering, 

architecture, industrial design, and information systems development (Löwgren, 1995; 

Fallman, 2003).  

In keeping with conservative conceptualization, Alexander (Alexander, 1971) and Jones 

(Jones, 1992), the founders of the design methodology movement, point out design as a 

structured and linear process that moves from the abstract to the concrete. Alexander 

(Alexander, 1971) differentiates two stages in the process: analysis and synthesis. 

Analysis stage consists on a kind of ‘breaking down’ activity in which the problem is 

divided into more manageable pieces. After that, the designer is involved in synthesis of a 

solution by solving each and every part of the set of smaller problems found during 

analysis. Jones (Jones, 1992) adds an additional stage to the process: evaluation. 

Evaluation stage is focused on testing the solution to discover the consequences of 

putting the new situation into practice. Hence, from Alexander and Jones perspective, the 

transition from abstract to concrete is achieved through a series of structured 

methodological steps, what become designers in mere executors of prescribed steps and 

guidelines. 

Romantic approach 

Contrary to the conservative approach, romantic approach provides more value to the role 

of designers. Designers are seen as creative individuals that use imagination over abstract 

reasoning and creativity over rational problem solving (Fallman, 2003). Hence, design is 

depicted as a creative process that involves a certain mystical point, instead of the rational 

and structured process suggested by conservative approach. Candy and Edmonds (Candy 
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and Edmonds, 1996) conceived this kind of design as an exploratory activity 

characterized by non-route thinking. Therefore, this perspective involves design problems 

that are ill-defined, non-routine and complex; problems that cannot be solved through 

pre-established steps, procedures or guidelines (Casakin and Kreitler, 2005). As 

consequence, rather by the process, design as a creative activity is guided by the 

designer’s values and knowledge that commonly provide an additional value to aesthetic. 

The intuition and judgments of designers play a key role within romantic approach. 

Pragmatic approach 

According to the pragmatic approach, design is conceived as a situated process. Since 

design takes place in somewhere, in a specific design situation, with people, artifacts, and 

practices (Fallman, 2003), pragmatism describes design as a result from the conversation 

between designers and the context in which design is developed. This view of design was 

initiated specially through a vocabulary developed by Schön’s work on the reflective 

practitioner (Schön, 1983; Schön, 1987) and Rittel and Weber’s metaphor of the wicked 

problems of planning and design (Rittel and Webber, 1973). Contrary to Simon’s view of 

design as an activity to solve well-formed problems (Simon, 1996), Schön argued that 

“professional practice has to face and deal with messy problematic situations and the 

workaday life of the professional depends on tacit knowing-in-action”.  Designers are 

constantly reacting to and reflecting on the consequences of its interactions with the 

environment. This natural and intuitive performance of the actions of everyday life, 

called by Schön as ‘knowing-in-action’, provides in pragmatisms the key for 

understanding design. Similarly to Schön, Pierce turned the interest to the practice of 

designers who usually combine their understanding of the context, their creativity in the 

generation of solutions, with their rationality to analyze and fit solutions to the context. 

Peirce’s notion of ‘abduction’ has also become an important term in pragmatism for 

describing design practice as “design thinking” (Rylander, 2012).  

2.2.2 Collaboration 

As its Latin roots ‘com' and ‘laborate' suggest, collaboration indicates, “to work 

together". This broader definition of the term ‘collaboration’ has lead to diverse 
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interpretations of its meaning. A clear example of such diversity is presented in (Hartono 

and Holsapple, 2004), where a total of thirteen definitions are analyzed. The review 

reveals that literature does not furnish a unified framework characterizing the important 

facets of collaboration. However, in many of the definitions collaboration is understood 

as a process that ties people of varying opinions and abilities together with a common 

goal. In this sense, the definition offered by Barbara Gray seems to be the most robust 

one. She describes collaboration as a “process through which parties who see different 

aspects of a problem or issue can constructively explore their differences and search for 

solutions that go beyond their own limited vision of what is possible”. Additionally and 

contrary to what is common to think, Gray also acknowledged that the process of 

collaboration may not necessarily lead to agreement on all issues. Final decisions and 

issues can therefore be agreed upon a consensus or not.  

Besides its use with diverse meaning in different contexts, the term ‘collaboration’ has 

been also used through literature as interchangeably with terms such as ‘cooperation’ and 

‘coordination’. Like collaboration, these two activities require sharing some information 

with each other, but little nuances in the form of working draw the difference between 

cooperation, coordination and collaboration (Kvan, 2000). 

• Cooperation is characterized by informal relationships that exist between people 

without a commonly defined mission. Participants are not based on a collectively 

articulated goal or vision. Each organization or group retains authority, resources 

are separated as well as rewards and information is shared as needed.  

• Coordination is characterized by more formal relationships and understanding of 

compatible missions. Some planning and division of roles are required, and 

communication channels are established. Authority still rests with each 

organization, resources are available to participants and rewards are mutually 

acknowledged.  

• Collaboration connotes more durable and pervasive relationship. Participants 

perform a collaborative effort towards a common mission. In this case, authority 

is determined by the collaborative structure. 
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In summary, coordination and cooperation can be considered as weaker forms of working 

together (Denning and Yaholkovsky, 2008), while collaboration must be viewed as an 

attitude or an organizational culture that characterizes the degree of unity and cooperation 

that exists within a group. 

Nowadays, the growing complexity of the problems faced by humans, as well as the 

greater level of specialization required to solve such problems, has made of collaboration 

an essential activity in a number of work settings. As consequence, supporting effective 

collaboration in such settings has become a basic need. Computer-Supported 

Collaborative Work (CSCW) and groupware are the two main fields concerned with the 

design and development of collaborative technologies. CSCW was coined to define two 

aspects considered significant: collaborative work (CW), as social phenomenon that 

characterizes group work, and computer-supported (CS), in the perspective of 

collaborative technologies that support group work. Thus, CSCW was regarded by 

Bannon et al. (Bannon and Schmidt, 1989) as “an endeavor to understand the nature and 

characteristics of cooperative work with the objective of designing adequate computer-

based technologies”. Groupware, a “sibling” term of CSCW, refers to technology itself 

and is usually conceptualized as “computer-based systems that support groups of people 

engaged in a common task (or goal) and that provide an interface to a shared 

environment” (Ellis et al., 1991). Despite their difference, these two fields are correlated 

and occasionally used as synonymous. 

One popular approach to understand how collaborative technologies can support group 

work is to consider two dimensions of support: time and space. Time-space matrix, 

proposed by Johansen (Johansen, 1988), (see Figure 2-2) describes the type of interaction 

that a particular collaborative system can perform, such as synchronous or asynchronous 

interaction, and the geographical distribution of the participants, such as co-located (same 

place) or remote (different place). That is, when and where the participants are 

performing the collaborative work. Figure 2-2 shows examples of collaborative tools in 

the time-space matrix (Ellis et al., 1991). 
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Figure 2-2. Classification based on time-space matrix 

Similarly to this matrix, Grudin et al. (Grudin and Poltrock, 2012) presented an extended 

version in which sub-divide both the different-space and the different-time categories into 

predictable and unpredictable, as shown in Figure 2-3. The clue is if the user knows (or 

not) those places and times that are different.  

 

Figure 2-3. Modification of Johansen's matrix 

These time-space categorizations are the common platform for describing most 

groupware and CSCW systems despite they have been criticized (Schmidt and Rodden, 

1996) even abandoned by some authors for being overly simplistic (Reddy et al., 2006). 

Indeed, time and space still remain as central themes in CSCW research. The problems of 

spatial distribution have tended to dominate in the CSCW (Olson and Olson, 2000), while 

temporal dimension has commonly received less attention.  
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2.2.3 Long-term  

As seen in previous section, with the fundamental aim of understanding how work is 

performed, CSCW research has studied collaborative activities across spatial and 

temporal dimensions. Despite spatial dimension has often taken precedence in CSCW 

research, as Reddy et al. pointed out in their work, “time also matters” (Reddy et al., 

2006), the experience of time, the temporal organization of activities, and the interactions 

with each other is a central element of our world experiences.  

Temporal lens can vary from short-term to long-term horizons. This thesis work is focus 

on works with long-term horizons. Thus, before deepening in the review of works with 

this particular temporal lens, it is important to understand what is mean in this work by 

‘long-term’. Time is a dimension that can be seen from a subjective perspective. What 

can seem long for ones cannot be so long for others. In addition to the subjective 

perspective, in an objective one, temporal scales are diverse and can vary from hours, 

days, months, to years, in relation to human/social systems. Then, it is important to be 

clear when it is talked about a long-term issue what is meant. All along this thesis work, 

the expression ‘long-term’ will refer to ‘timeframes extended over a period of many 

years’; particularly, to processes that take place over extended periods of time in which 

participants have to deal with intermittent periods of work, gaps in time and, in many 

occasions, indirect communication and collaboration within the team.  

Taking a glance in CSCW research, there are just a few studies that are focused on long 

timeframes. Among them we can find the work of Dix et al. (Dix et al., 1998) 

highlighting aspects of long-term interaction in office work, the need to bridge the gap 

between face-to-face communication in long-term collaboration (Lindstaedt and 

Schneider, 1997), the necessity to consider both real-time supervisory control work and 

differently paced design work (Sandusky 2003), and long-term collaboration in software 

maintenance (Lougher and Rodden, 1993). Nevertheless, it is interesting to note that 

‘long-term’ temporal scales in these studies refer to rather short-term timeframes, such as 

“hours, days or even weeks” (Dix et al., 1998), “during different phases of a project” 

(Lindstaedt and Schneider, 1997), and “daily periods”, “weekly cycles” and “windows of 

time (during weekends and holidays)” (Sandusky, 2003). Only Lougher and Rodden 
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acknowledge longer timeframes in relation to software maintenance work “extending 

over a period of many years with some systems even being in use for in excess of two 

decades” (Lougher and Rodden, 1993). 

2.3 Design Story in Long-term Collaboration in Design 

Several authors (Lougher and Rodden, 1993; Lindstaedt and Schneider, 1997; Fischer et 

al., 2001) state that complexity in design arises not only from the need to synthesize 

different perspectives on a problem, but also from the understanding of those design 

decisions that have determined the long-term evolution of a designed artifact. Large and 

complex problems can compel extended periods of evolution and redesign, where the 

design team has to collaborate and coordinate their effort despite large separations of 

time. Such long-term collaboration is crucial for success, but difficult to achieve (Fischer 

et al., 2001). When design takes place over weeks, months, even years, it can involve a 

high turnover of personnel. New members can join to the team and key personnel might 

leave. That forces designers to continue the work of people they have never met, turning 

direct communication between team members into difficult or, even, impossible (Lougher 

and Rodden, 1993). People who are not part of the design team at the same time have to 

communicate and exchange information about the design process. This causes that, in 

many occasions, designers ignore how the decisions they make interact with the decisions 

that others made. Much of this ignorance consists of simply not knowing what has been 

decided and why. Designers have therefore a limited understanding of the design story.  

In this thesis work, design story makes reference to the story of how a design artifact has 

been created over time. In literature, there are two main concepts (design rationale and 

awareness) that focus on maintaining part of the design story through models and 

software tools. Design rationale is intended to capture and represent design decisions as a 

way of having a track of the reason of being of design artifacts and awareness is intended 

to provide a consciousness of past design tasks and processes. Subsequent sections 

review these two concepts in detail.  
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2.3.1 Design Rationale 

The information that normally remains from design processes is largely product-oriented. 

Once the design is concluded, the product of design -the final product and the final 

decisions- is traditionally recorded, but the design process -the alternatives and the 

underlying reasons for final decisions- is poorly recorded, if at all. Hence, design 

information about the process is commonly carried on to the ‘next’ designer by means of 

communication, which is either verbal or in some unstructured form, i.e. designer’s 

notebooks, meeting minutes, and e-mails. This fact joined to the need of understanding 

others decisions has motivated to many authors to the development of concepts, such as 

design history, design intent and design rationale; concepts that focus on capturing, 

storing, and communicating the argumentation and the reasoning behind the design 

process.  

Design rationale (DR) is commonly defined as an explanation of why an artifact, or some 

part of an artifact, is designed the way it is (Lee and Lai, 1991). The design rationale 

considers a dimension that is usually missing in design documentation. It tries to augment 

the ‘what’ of the artifact’s structure and function with the ‘why’ behind its design 

(Conklin and Yakemovic, 1991). DR includes all the statements of reasoning underlying 

the design process that explain, derive and justify decisions. As consequence, design 

rationale is frequently used as a synonym of argumentation. Under the same definition as 

design rationale -the explanation of why an object is designed the way it is-, design intent 

is instead related to the decision criteria employed by a designer for making decisions 

during the process of designing the artifact (Ishino and Jin, 2002) -the designer’s aims, 

goals, design requirements and constraints. It is thought that knowing designer’s intent -

what guided design decisions during the design process- may provide insights for new 

designers to improve their design. On the other hand, design history definitions 

commonly seem to provide a broader view of the design process including the previous 

concepts of design rationale and design intent. Indeed, Ullman (cited in (Wiegeraad, 

1999) defines design history as a record of the rationale behind design decisions and of 

the intent of designers.  
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The main challenge of these three concepts is to find the most helpful and accessible 

representation of design reasoning (Shum and Hammond, 1994). It is though that by 

making the structure of arguments explicit, they could be more rigorously constructed 

and communicated among designers. As consequence, semiformal notations for 

structuring arguments about design decisions, methods and tools for recording rationale 

have attracted much interest within human-computer interaction and software engineering 

fields. An overview of some of the most prominent representation models is given in the 

following subsections.   

Issue-Based Information System (IBIS) 

The Issue-Based Information Systems (IBIS) is a method that was initially created to 

support coordination and planning of political decision processes by structuring and 

documenting design rationale (Kunz and Rittel, 1970). This method organizes 

deliberation into a network of three data elements: issues, positions, and arguments. An 

issue is an identified problem to be resolved by deliberation. Each issue can have many 

positions that are proposed solutions developed to resolve the issue. In turn, each position 

can have any number of arguments that support or oppose the position.  

 

Figure 2-4. An example of the Issue-Based Information System (IBIS) method 

As shown in Figure 2-4, there are various links in IBIS: ‘responds-to’, ‘supports’, and 

‘objects-to’.  These links connects the issues, positions and arguments to form the 

network of the deliberation process. The ‘responds-to’ link is used to connect a position 

to an issue. The ‘supports’ and ‘objects-to’ links are used to connect arguments to their 

positions. Arguments will support or oppose any of the positions. 
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Using the IBIS model, a deliberation begins with an issue node, may be with one or more 

positions and arguments. Then, others respond to the issue. Some of them may support 

the initial position but may be with different arguments, and others may post other 

positions or arguments that support or oppose any of the positions. This example 

describes how a deliberation process takes place according IBIS model. But, IBIS is just 

a general model of the deliberation process; it does not provide a way to indicate a 

successful issue resolution or which position is finally accepted.  

Based on IBIS method, some systems have been developed for capturing design 

rationale. The graphical Issue-Based Information System (gIBIS) is a hypertext system 

used to facilitate building and browsing typed IBIS networks (Conklin and Begeman, 

1988). The system allows displaying graphically the IBIS network as a diagram. The 

interface is divided into four tiled windows: a graphical browser on the left, a structured 

index into the nodes on the top right, a control panel below the index window, and an 

inspection window in which the attributes and contents of nodes and links can be viewed. 

Such distribution allows selecting contents in the browser and displaying them 

immediately in the single inspection window. In addition to graph representation and 

browsing, gIBIS was designed to support the collaborative construction of IBIS networks 

by any number of collaborative team members. The system supports multiple users and 

provides linking facilities to allow users to establish natural and meaningful connections 

between nodes. 

Taken IBIS as a base, other systems have augmented the possibilities of capturing design 

history. The Representation and Maintenance of Process Knowledge (REMAP) (Ramesh 

and Dhar, 1992) is a conceptual model that relates process knowledge to the objects that 

are created during the requirements engineering process. REMAP tries to represent not 

only the issues, arguments, and position, but also the context in which argumentations 

occur and the outcomes of the argumentation. As Figure 2-5 shows, REMAP model 

includes five new data elements: requirement, a capability needed by a user to solve a 

problem or achieve an objective; constraint, a formal specification as in first-order logic, 

or a written description that the system must satisfy; assumption, the context in which 

arguments support positions; decision, the resolution of the issues; and design object, part 

of design solution that satisfies a requirement. 
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Figure 2-5. REMAP conceptual model 

According to this model, REMAP design-support environment provides mechanisms to 

instantiate, query, and modify instances of the data elements. Furthermore, a hypertext-

like browsing capability is included to view instantiated objects.  

Similarly to REMAP, the Knowledge Based Design System – IBIS (KBDS-IBIS) 

(Bañares-Alcántara and King, 1996) includes some extension to the standard structure of 

IBIS. KBDS-IBIS integrates the representation of design rationale (from IBIS networks) 

with the design alternative history maintained by a design support system (KBDS). 

KBDS represents the evolutionary, cooperative and exploratory nature of the design 

process by means of three networks: design alternatives, a description of the design 

artifact or one of its constituent parts; design models, which predict the behavior of 

design alternatives; and design specifications and constraints, expressions of the 

designers' goals and objectives which can be used to evaluate the suitability of a design 

alternative. While IBIS provides the design argumentation by means of three 

aforementioned data elements: issues, positions, and arguments. This extends the 

capability to represent the design process and account for design rationale in an integrated 

perspective. Like gIBIS, the system implemented for this integration enables the 

examination, manipulation, and generation of the contents of an IBIS network through a 

graphical user interface. 

Potts & Bruns model  
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Potts and Bruns model was developed for representing deliberation and the relation 

between the deliberation and the artifacts (Potts and Bruns, 1988). As Figure 2-6 shows, 

the model is a network consisting of artifacts and deliberation nodes. Artifacts represents 

specifications or design documents. Deliberation nodes, adapted from IBIS model, 

represent issues, alternatives, and justifications. Issues are questions or matters that rise 

about the evolving design; alternatives are the positions that respond the issues; and 

justifications are statements giving the reasons for and against a related alternative.  

 

Figure 2-6. Potts and Burns model for design deliberation (Potts and Bruns, 1988) 

Although simplistic, the strongest point of this model is the separation between the 

representation of artifacts and the rationale for understanding the decisions made during a 

design effort.  

Procedural Hierarchy of Issues (PHI) 

The Procedural Hierarchy of Issues (PHI) (McCall, 1991), like IBIS, is a design method 

rather a piece of software. This method differs from IBIS in two main aspects: 

broadening the scope of the issue data element and using a new principle for linking 

issues. In IBIS, the term issue denotes a design question that is deliberated; however, in 

PHI every design question is an issue even if it is not deliberated. The resolution of issues 

can be made by two methods: deliberation -to give answer to the issue- and 

decomposition -to break down the issue into a variety of subissues which in turn could be 

deliberated or decomposed (Regli et al., 2000). Regarding the links, unlike the original 
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IBIS, PHI does not rely on deliberation alone for resolving issues. PHI enables to make 

relationships between issue resolutions. That is, relationships representing the fact that 

the answering of issues sometimes depends on how other issues are answered. To that 

end, PHI uses ‘serve’ relationship. As an example, issue A ‘serves’ issue B if the 

resolution of A influences the resolution of B. This ‘serve’ structure changes the original 

IBIS data structure into a quasi-hierarchical structure. 

PHI also extends IBIS with answers and arguments (Chen, 1991). Answers replace 

positions in IBIS.  The resolution of an issue may contain a list of answers. In turn, each 

answer may have several subanswers, until the desired level of granularity. Arguments 

can be also decomposed into subarguments that are the arguments given for or against 

another argument. Like answers, subarguments can vary the level of granularity.  

In a first attempt to develop computer support for PHI, MIKROPOLIS (McCall, 1989) 

was developed. MIKROPOLIS is the first hypertext software for handling textual 

information representing designers’ reasoning. It provides three methods for retrieving 

information: direct retrieval, link-based retrieval, and lexicographic retrieval (Chen, 

1991). Direct retrieval finds nodes by their names. Each node has a name consisting of a 

node type and an identifying number. Direct retrieval can also retrieve groups of nodes. 

Link-based retrieval finds nodes by their relationships to other nodes. And, lexicographic 

finds nodes by indexed terms. Other attempts such CRACK and VIEWPOINT made 

visible the main limitation of conventional retrieval systems: designers got information 

from them only if they knew to ask for such information and knew how to ask correctly 

(Fischer et al., 1989).  Thus, Fischer et al. proposed JANUS, an integrated design 

environment of VIEPOINT with CRACK. JANUS allows architectural and interior 

designers to graphically construct artifacts by direct manipulation and, at the same time, 

to receive useful information to what they are doing from hypertext activated by 

knowledge-based agents. The system alerts the designer about the existence of 

information relevant to current construction tasks.  Then, it provides immediate and 

effortless entry into the exact location in the hypertext network where the useful 

information lies. 
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Question, Option, and Criteria (QOC) 

The Question, Option, and Criteria (QOC) is a semi-formal notation that focuses on 

representing the most basic concepts of the Design Space Analysis. The Design Space 

Analysis is a central component of a framework for representing the design rationale for 

designed artifacts. As the own name indicates, QOC is composed by: questions, which 

pose key issues for structuring the space of alternatives; options, which are possible 

alternative to answers questions; and criteria, which are the bases for evaluating and 

choosing among options (MacLean et al., 1991).  Different from IBIS and PHI, whose 

purpose is to capture the history of design deliberation, the QOC representation 

emphasizes the systematic development of a space of design options structured by 

questions. Figure 2-7 shows an example for the design of the scroll bar mechanism in the 

Xerox Common Lisp (XCL) by using the QOC representation model.  

 

Figure 2-7. An example of the design space for the Xerox Common Lisp (XCL) scroll bar 
using the QOC notation. The boxed options are the decisions made in the design of the XCL 

environment (MacLean et al., 1991). 
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For a given question: ”How wide?”, two options have been considered: “Narrow” or 

“Wide”. To evaluate such question, two criteria were studied: “Screen compactness” and 

“Ease of hitting with a mouse”. Each criterion provides a positive or negative assessment 

depending on the option. For instance, while “Screen compactness” provides a positive 

assessment for “Narrow” option, it provides a negative assessment for “Wide” option. 

This representation of the design space provides therefore an overview of the rationale for 

the design and an explanation of why it is the way it is. However, the DRL representation 

presents some restrictions to represent the reason for the final decision, to represent 

evolution within QOC structures, such as how options are transformed, and to express 

constraints and dependencies between options (Shum, 1996). 

Decision Representation Language (DRL)  

The Decision Representation Language (DRL) is proposed by Lee (Lee, 1990) for 

representing and managing the qualitative elements of decision making –the alternatives 

being considered, their current evaluations, the arguments responsible of evaluations, and 

the criteria used. Figure 2-8 shows the object types that form the vocabulary of DRL and 

Figure 2-9 a decision graph represented in DRL.  

 

Figure 2-8. DRL Language (Lee, 1990) 
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Figure 2-9. The structure of a decision graph in DRL (Lee, 1990) 

A Decision Problem represents the design problem. Goals represent the properties that an 

ideal option should have. Alternatives represent the options from which to choose. Each 

Alternative is related to a Goal via an ‘achieves’ relation, denoted as achieves 

(Altenative, Goal). A relation in DRL is a subclass of Claim; in particular, the relation 

achieves (A,G) represents the claim that the alternative A achieves the goal G. An 

alternative is evaluated by arguing about the plausibility of the claims and about the 

importance of the goals. A Question influences a Claim if the plausibility of the Claim 

depends on how the Question is answered.  

Since the DRL language fulfills the aforementioned goal of Lee of representing the 

qualitative elements of decision-making, the management of such information was 

supported by SYBIL (Lee, 1990). SYBIL is the system designed to manage qualitative 

decision support and knowledge sharing. The system consist of a set of services that 

provides qualitative decision support by using what is represented in DRL and an user 

interface to make it easier for users to use DRL. Users are able to create a DRL graph 

instantiating objects and managing dependencies just by mouse clicking. 

Wiegeraad model  
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Wiegeraad model is a design history model focused on representing the basic cycle of 

decision-making (see Figure 2-10) during a design process (Wiegeraad, 1999). 

 

Figure 2-10. Basic cycle of decision-making (Wiegeraad, 1999) 

Based on such a cycle, the representation model for design history contains two 

fundamental elements: the discussion and the product model (see Figure 2-11). The 

discussion is the object that contains design rationale information. Each discussion 

describes the resolution of a single design problem. It starts with an issue that contains 

the problem definition, the person(s) that raised the issue and the date on which it was 

raised. One or more proposals can be suggested to resolve the issue. Proposals contain a 

description of the suggested solution, the person that proposed it, the date and time in 

which it was done, and, optionally a reference to product data. Arguments are those 

statements that rise in reflection to the proposed solution(s). They contain a description of 

the argumentation, the person who claimed it, and the date and time in which it was 

claimed. Arguments can support object or support one or more proposals and, like 

proposals, can refer to the product data. Optionally, an argument also can refer to a 

constraint. A constraint is a requirement or restriction that is imposed on the resolution of 

the issue. Finally, weighting the arguments and selecting one proposal makes a decision. 

The decision contains a description of the final argumentation, the persons that were 

involved, and the date and time. Each decision has effects on the product.  
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The product element (designated as ‘Product Model’ in the model) describes at any 

moment in time, the entire product in all levels of abstraction. It contains the entire 

history of the product model evolution in the database. However, it is stored in a separate 

part of the design history database.  

 

Figure 2-11. Design history representation model (Wiegeraad, 1999) 

The representation model shows the main relations that can be established between the 

different data elements of the model. Additionally, discussions can be related if they 

contain references to the same product data.  

2.3.2 Awareness 

The understanding of design information may help people in making inferences regarding 

the intentions or actions of others, in providing a context for their collaborative activities, 

and in improving design re-use. To that end, as seen in previous section, there are many 

works dedicated to capture and represent design information. However, it is not enough 

to make design information explicit; it is also necessary to make such information 

available to designers and to provide mechanisms that inform them the knowledge is 



                                                                DOCTORAL THESIS  |  Sara Tena 

 

52 

      

52 

there. Designers need to be aware that design information is there to be able to interpret 

and understand how the design was made for others and how the design product has 

evolved over time.   

The concept of awareness is one of the main topics of CSCW research. Providing 

computer-based mechanisms for supporting awareness has been shown to be of a vital 

importance to increase group’s shared knowledge and reducing the risk for double-work, 

among other problems (Kirsch-Pinheiro et al., 2003). Nevertheless, while most 

researchers agree on its importance, finding a clear and agreed definition of awareness is 

almost impossible (Schmidt, 2002). Some authors attempted to establish a definition that 

would be useful for the field. Rodden suggested understanding awareness as “knowing 

what is going on” (Rodden, 1996). Dourish and Belloti proposed to see awareness as “an 

understanding of the activities of others, which provides a context for one’s own activity” 

(Dourish and Bellotti, 1992). However, due to the ambiguity of the term, other authors 

decided to use the term in combination with different adjectives, such as social 

awareness, workspace awareness, presence awareness, activity awareness, etc (Schmidt, 

2002; Espinosa et al., 2007).  

Despite the disparity of definitions, it is possible to get a broad knowledge of what is 

awareness through several important characteristics of the term (Gutwin and Greenberg, 

1999; Schmidt, 2002; Sandor, 2010; Vyas, 2011): 

• Awareness is implicit. Awareness is such a natural phenomenon that people rarely 

need to think about it. It is not a deliberate act that people perform to find out 

what is going on. Awareness is not even a mental state or type of activity. It is an 

integrated aspect of people’s practice.  

• Awareness is a skillful practice. Although awareness is implicit, it is not the 

product of passively acquired information. It is not only feedback. While feedback 

means some sort of information that confirms to a person the effects of an action 

taken by the same person, awareness refers to information that one person has 

about another person or artifact. People usually scan for cues and traces of the 

state of an ongoing work that could help them understand what is happening and 

inform their future activities. 
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• Awareness is about ‘exploiting what is already there’. Aforementioned, people 

gather cues, traces and indications, but they do not put extended effort into 

exploring awareness related information; they try to infer from a giving status of 

the environment. 

• Awareness is therefore seen as a state of consciousness that can help people to 

understand what is going on. Hence, providing computer-based mechanisms for 

awareness should not be oriented to support awareness, but assisting the 

achievement of such state. 

Focusing on the design and development of mechanisms to achieve awareness, two 

different environments should be differentiated: synchronous and asynchronous (Kirsch-

Pinheiro et al., 2003). This differentiation is important since they present different needs. 

While synchronous environments, in which people work simultaneously in a shared 

workspace, need to know what participants are doing at a precise moment, involving 

information like who is around, their mouse movements, even their workspace position; 

asynchronous environments, in which people work in a extended period of time, do not 

need such precision. In asynchronous environments, people will need to be aware of their 

past activities to keep in mind the evolution of the work. Synchronous environments have 

commonly received more attention than asynchronous environments. This thesis work is 

focused on the latter. 

Synchronous awareness 

Within synchronous awareness, several authors used the term awareness in combination 

with different adjectives. As an example, Endsley introduced the term situation 

awareness. Situation awareness is defined as ‘the perception of the elements in the 

environment within a volume of time and space, the comprehension of their meaning, and 

a projection of their status in the near future’(Endsley, 2012). Accordingly, three level of 

situation awareness  can be identified: (1) perception level which involves perceiving the 

status, attributes, and dynamics of relevant elements in the surrounding environment; (2) 

comprehension level which involves the interpretation of the data and cues perceived in a 

way that allows an individual to understand its relevance in relation to their task and 

goals; (3) projection level which involves predicting the future states of both the system 
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and the situation. These three levels are accumulative and an individual can only achieve 

the level 3 if it reached the other two levels.  

Gutwin and Greenberg (Gutwin and Greenberg, 1999) proposed four types of awareness 

centered on synchronous environments: informal awareness, structural awareness, 

conversational awareness, and workspace awareness. Informal awareness refers to the 

general sense of who is around, what they are up to, and whether they are available. This 

type of awareness helps people recognize and exploit opportunities for collaboration. In a 

first attempt to assist informal awareness, media spaces were used. Structural awareness 

involves knowledge of a group’s organization and of the working relationships within it. 

Awareness of roles, of rules for interacting, and of power and status relationships can 

help a group to operate smoothly and reduce the amount of coordination needed. 

Conversational awareness refers to the cues that help people to have the sense of what is 

happening in a conversation. This type of awareness helps people to make adjustments 

and adaptations to keep things going smoothly during collaboration. Finally, workspace 

awareness was defined by Gutwin and Greenberg as “the up-to-the-moment 

understanding of another person’s interaction with the shared workspace”. This 

definition tries to bind to the concept in two ways: (1) workspace awareness is more than 

just the awareness of the workspace itself. It is also awareness of people and how they 

interact with the workspace; (2) workspace awareness is limited to events that happen in 

the workspace. That means, inside the temporal and physical bounds of the task that the 

group is carrying out.   

Asynchronous awareness 

This kind of interaction has received less attention within awareness. What makes the 

asynchronous interaction different from synchronous interaction is that:  

• People are not entirely dedicated to a single project and are usually assigned to 

other tasks in parallel. They take part in two or more cooperative groups at the 

same time. 

• Certain activities and interactions require a previous reflection about other 

members' activities.  
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• An asynchronous interaction is a mixture of periods dedicated to reflection and 

awareness of current and previous work.  

The only term known by the author that provides a dynamic and longitudinal perspective 

of awareness is: activity awareness. Activity awareness is a broad concept that involves 

awareness of synchronous and asynchronous interactions over extended periods of time. 

It refers to “people’s ability to get and maintain ‘the big picture’ about the ongoing 

collaboration while they are working together on long-term projects” (Convertino et al., 

2004). Thus, this perspective aims to ultimately provide awareness about not only the 

team, the environment and the activities, but also about the evolution of the activities 

over time (changes, alternatives, future plans, etc).  

Within CSCW research, the mechanisms used to reach activity awareness vary especially 

in context.  Farooq et al. (Farooq et al., 2007) studied two different mechanisms that 

assist activity awareness as a means to achieve creativity in distributed collaboration. 

Both mechanisms are focused on the awareness of the activity. The first is based on the 

automatic registration of the activities for the generation of idea summaries. User actions 

are recorded automatically by the system and then the significant ideas are summarized 

thereby recommending additional actions to the collaborators. The second mechanism is 

based on updating the status of the activity. This strategy allows collaborators to update 

the state of their activities, making them visible in the social and temporal dimensions. 

Following the perspective of distributed collaboration, Ganoe et al. (Ganoe et al., 2003) 

introduced a system called Classroom BRIDGE. This system supports activity awareness 

to make planning and the review of collaborative goals easier. With such a purpose, the 

collaborative interface of the system consists of a time line available on a desktop version 

for collaboration within small groups and a public monitor for sharing the planning 

among collaborative groups. On another view, Virtual School (Carroll et al., 2003), a 

system that supports remote collaboration in an educational environment, uses multiple 

notification mechanisms to assist activity awareness.  The system focuses on the 

peripheral information of a person that may be relevant to the tasks, for instance, system 

status updates, alerts, e-mail or instant messaging. Other systems that try to assist activity 

awareness are Interlocus and BSCW. Interlocus system (Nomura et al., 1998) aims to 

assist activity awareness by using individual workspaces for each worker and each 
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activity. The workspace has the goal of working as an environment to retain the necessary 

information for the activity and to record the process of the same. In consequence, 

Interlocus offers users the possibility to access to past states of the activities. On the other 

hand, BSCW (Bentley et al., 1997), conceived as a CSCW system based on the Web, 

assists activity awareness by recording events. The events system of BSCW is an attempt 

to provide users with information of others’ activities regarding the objects within a 

shared workspace. The events are activated each time a user performs an action in the 

workspace, such as loading a new document, downloading, reading an existing document, 

changing of the name of a document, etc. The icons in a list in the workspace represent 

these events. 

From the point of view of collaborative writing systems, Dourish et al. (Dourish and 

Bellotti, 1992) studied three different mechanisms to assist activity awareness: 

informative, restriction of roles and shared information. The mechanism defined as 

informative provides explicit systems through which collaborators mutually inform each 

other about their activities (Dourish and Bellotti, 1992). Instances of the use of this 

mechanism are RCS systems (Tichy, 1985) and Quilt (Leland et al., 1988), which request 

users to write text into a log-file or an e-mail to describe changes in the activities. The 

second mechanism, which is referred to as restriction of roles, arises from the explicit 

support of roles in collaborative systems. This support reduces the uncertainty about the 

actions performed by the users and, therefore, provides a greater awareness of others' 

activities among the participants. However, this mechanism only provides information of 

the roles and the activities, but not about the content of the activities. Finally, the shared 

information mechanism makes information of individual activities visible for other 

participants. With that end, the system represents information about the actions in a 

shared workspace, rather than in a private one. 

2.4 Summary 

This chapter collects literature about the emergency-planning process (Section 2.1), the 

concepts related with the main characteristics of the emergency-planning process 
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(Section 2.2): collaboration, design and long-term, and the presence of design story in 

long-term collaboration literature (Section 2.3).  

Section 2.1 allows getting the different views and perspectives of emergency planning, as 

well as clarifying the understanding of emergency planning for this thesis work. In this 

thesis work (Section 2.1.1), emergency planning is understood as: “the process of 

development, refinement, and maintenance of a predefined set of procedures oriented to 

prevent, reduce, and cope with critical incidents and emergency situations”. 

Additionally, the study of literature of emergency planning at the local level in Section 

2.1.2, has allowed getting an overview of the steps and characteristics of this process. 

Mainly remarkable in this sub-section is the long-term nature of the emergency-planning 

process and its need of continuity for planning effectively. Besides, due to its particular 

characteristics an overview of the emergency-planning team is included in Section 2.1.3. 

The emergency planning team is a multidisciplinary team often composed by people with 

different background and experience, what is important to consider during a collaborative 

design process.  

The review of concepts such as collaboration, design and long-term has allowed to get an 

overview of the main characteristics and issues that arise in this kind of processes and 

that are applicable to the emergency-planning process.  

Finally, the need of knowing the design story to achieve continuity for planning 

effectively lead to the review of two concepts that are intended to keep a track of part of 

the design story: design rationale and awareness. Although design rationale offers an 

important part of the design process for understanding it (the reason behind design 

decisions), existing works still present shortcomings for understanding the whole design 

process over time –the design story. Design rationale approaches do not consider relevant 

information (such as the people involved, the context in which decisions are taken, and 

the development of the process) that would allow designers to get a big picture of the 

whole design process over time. Similarly, awareness approaches and existing tools have 

resulted still partial. Ad-hoc solutions are prevailing, making the focus on the activity 

traceability (the design tasks and the process), leaving aside the context, the people 

involved in the process, and the situations in which designers perform their tasks; 
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relevant information for getting the design story and, consequently, achieve continuity in 

emergency planning.  
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3 PROBLEM STATEMENT 

As Stephenson and Anderson (Stephenson and Anderson, 1997) state, “the convergence 

of computers and communications (…) is beginning to have a profound impact on the 

organization of disaster mitigation, planning and response.” Much progress has been 

made since then and most challenges have already been overcome, to the point that it is 

widely acknowledged that “the main advances in preparedness are related to computing 

and internet” (Perry and Lindell, 2007a). In the last years there have been major advances 

in integrated detection, forecast, and warning systems. Similarly, the use of GIS has been 

one of the most important improvements in hazard mitigation, providing a better way to 

store and retrieve data about property areas and infrastructures. Another growing 

application in emergency preparedness is the use of computers for conducting hazard 

analyses: identifying risk areas, projecting the damages resulting from a major event, or 

simulating the evolution of disasters. Finally, there have been many developments in 

evacuation modeling to find the evacuation time estimates.  

However, there is less research related to the development of interactive technologies that 

support emergency planning as a long-term process. For instance, plans and procedures 

have long been created, stored and updated on computers, but those digital plans and 

procedures are seldom used during training, drills and exercises to retrieve data or add in-

action information (Haynes et al., 2007). Similarly, no collaborative tools have been 

created to support the entire emergency-planning process, from the definition of plans to 

the review of responses. Existing solutions focus on supporting face-to-face meetings—

specifically, information exchange and physical interaction—but neglect the capture of 

underlying background, assumptions, and drivers of planning decisions for future 

reference. In other words, they support communication among planners and allow team 

members to collaboratively create emergency plans but not the capture of the planning 
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story, by which problems at hand can be presented, explored, and reframed. By means of 

an ethnographic study and the discussion of its results and the current literature, this 

chapter presents the problem to be faced in this thesis work. 

3.1 Ethnographic Study: Studying the Emergency Planning Practice 

For the time being, different empirical studies and fieldworks have been performed with 

the purpose of understanding emergency planning and developing suitable collaborative 

technologies that assist such a process (Convertino et al., 2007; Schafer et al., 2007; 

Carroll et al., 2007; Schafer et al., 2008). As an example, Carroll et al. (Carroll et al., 

2007) studied the support of tabletop exercises by using geospatial collaborative 

software. Similarly, Convertino et al. (Convertino et al., 2004; Convertino et al., 2007; 

Convertino et al., 2008) focused on assisting the development of common understanding 

through the use of annotated design tools. In succeeding works, thanks to the realization 

of a mid-term case study, Schafer et al.  (Schafer et al., 2008) studied the community 

perspective of emergency planning, focusing on identifying the main collective tasks of 

the emergency-planning process and the way of supporting them. Despite their 

significance to understand current working practice in emergency planning, none of these 

works makes enough emphasis on studying the relevance of the long-term nature of the 

process. In order to overcome this existing gap, a two-year descriptive study was 

conducted. 

The ethnographic study was oriented to make emphasis on the long-term matter of 

emergency planning and to identify gaps in knowledge. The results and analysis of results 

from the study have been also used as the reference for critically analyzing previous 

existing research on supporting emergency planning activities. This descriptive study is 

divided into two main phases. The initial phase compiled exploratory efforts aimed at 

reaching a deep understanding of the emergency-planning process. Second phase was 

focused on analyzing the implications of emergency planning as an on-going process. In 

this second phase, the inquiry team conducted an empirical study in a real work setting. 

Next sections are intended to explain the scope, design and development of this 

ethnographic study. 
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3.1.1 Phase 1. Overview of the emergency-planning process 

The knowledge base on emergency planning was initially obtained from the review of 

literature and the analysis of real emergency plans. Such review provided knowledge 

about: the main goals and tasks of emergency-planning, an overview of how emergency 

plans are designed, and understanding about which information is treated and 

documented during the emergency-planning process. With the purpose of confirming 

these insights and deepening in knowledge about the emergency-planning process, six 

interviews with emergency planning experts were conducted. Such experts were 

emergency management coordinators in Spanish municipalities whose population is 

between 20,000 and 200,000 habitants –the Spanish legislation defines like a 

‘municipality’ those neighborhoods whose population is within such range. As 

emergency management coordinators of their respective municipalities, these experts are 

responsible of the definition of operational emergency plans that address the risks within 

the municipality.  

The collection of information from the experts was based on the performance of semi-

structured interviews. These interviews, with duration of approximately one hour per 

respondent, included a total of three closed questions and nine open questions. Closed 

questions were related to the background of the experts, while opened questions were 

focused on getting information about the performance of the emergency-planning 

process: the number and profile of planning team members, the regular tasks carried out 

during the activity, the kind of resources used by the participants, or the type of 

communication channels that they utilize. Additionally, experts were questioned about 

the average time taken to define and develop an emergency plan.  

Data Collection 

As way of developing mutual trust partnerships with experts, the interviews were not 

digitally recorded, so researchers decided to handwrite notes during the interviews. In 

order to ensure the validity of the results, notes were taken by an interviewer and an 

annotator. This technique, known as investigator triangulation technique, (Blaikie, 

1991a), allows avoiding the sampling bias. The two note-takers were focused on 
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summarizing information, for which they quickly and consistently collect relevant aspects 

of the different issues of the interview. Additionally, key phrases and exact quotes were 

captured to highlight those aspects in which the responders make special emphasis. Once 

interviews were finished, collected and registered data was transcribed for later analysis.  

Data Analysis 

Once the information was transcribed, the first task was to make sense of the collected 

information. To that end, it was necessary to use some encoding process that allowed 

developing a manageable classification or coding system (Patton, 2005). This coding 

forced researchers to make judgments about the underlying sense of the interviews in 

order to determine which information was meaningful. 

Initially, by the open codding process, the inquiry team developed a set of codes that 

included predefined and emergent codes. Predefined codes were categories and themes 

that they expected to see based on their prior knowledge about literature in emergency 

planning. Codes such as ‘collaborative’, ‘multidisciplinary’ or ‘on-going’ are included in 

this group. On the other hand, codes like ‘experience’ or ‘long-term’ came up from the 

review of notes and transcriptions. After that, the inquiry team closely reviewed and re-

coded data creating a resulting coding scheme presented in Table 3-1. This coding 

scheme includes four macro-level codes, each comprising several micro-level codes. 

The analysis of data showed a significant fact: during the interviews, experts made 

constant reference to the temporal aspects of the emergency planning activity. Most of 

the interviewees pointed out that the development of emergency plans is a long-term 

activity, usually distributed over weeks or months, rather than days. Moreover, they 

highlighted that emergency planning is not once and for all, but it is an ongoing process. 

An ongoing process based on the knowledge, experience, and lessons learned from 

previous plans. The consequence should be the consideration of time as a key element in 

the structuring of the emergency planning process. 

Code Description 

Practitioners 
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3.1.2 Phase 2. Identification of the implications of time in the emergency-planning 

process 

Once becoming aware of the importance of temporal aspects to design emergency plans, 

this work was focused on examining the role of time in the performance of emergency 

planning. With this aim, a two-year case study was carried out in the local level. Local 

level, commonly referred as municipalities, is the reference level for emergency planning. 

Whilst state, national, or international levels are typically focused on coordination 

activities, planning activities lie in municipal governments (Alexander, 1971; Wolshon et 

al., 2005). That means that the success of an emergency management operation will 

Experience Knowledge or skill acquired by such means over a period of time 

Knowledge Facts, information, and skills acquired by a person through experience or 
education 

Background A person's education, experience, and social circumstances 

Process 

Collaborative Produced or conducted by two or more parties working together 

Multidisciplinary Combining or involving several academic disciplines or professional 
specializations in an approach to a topic or problem 

On-going Still in progress 

Long-term Occurring over or relating to a long period of time 

Interaction mode 

Co-located Sharing a location or facility with someone 

Distributed Occur throughout different locations 

Tasks 

Principal Main tasks relevant in the emergency-planning process 

Secondary Less important task in the emergency-planning process 

Table 3-1. Coding scheme used to analyze the transcription of interviews 
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probably depend on the effectiveness of operational emergency plans, including the 

quality of local resources and their deployment in emergency situations.  

For identifying the relevance of time in emergency planning, the study and analysis of the 

definition of the ‘Winter Plan’ was selected. The ‘Winter Plan’ is aimed to minimize the 

effects of snow and guarantee mobility during and after winter weather phenomena. As 

consequence, this plan involves many local services and first responders such as police, 

civil protection, social service, environmental service, public construction service and/or 

cleaning services. In addition, the ‘Winter Plan’ was also selected because of its validity 

period of four months. Every emergency plan has a validity period -the active lifespan for 

the plan. Once the validity period ends, emergency plans must be revised to 

accommodate existing changes in the legal framework, changes in the environment, and 

the lessons learnt from experience. To give planners the opportunity of adapting plans 

during a two-year period, the validity period of the plan should not be longer than six 

months or be redesigned every year.  

The exploration of emergency-planning practices was made through the use of the 

observation technique. This technique provided the opportunity to deepen in the 

understanding of who the practitioners are, how they work on a day-to-day basis, and 

how emergency planning is developed in the long-term. In keeping with the idea of 

triangulation technique to combine methods (Blaikie, 1991a), it was used a combination 

of direct and indirect observation. Direct observation was aimed to study the behavior of 

participants during planning meetings: their social relationships and group dynamics. 

Meanwhile, indirect observation allowed collecting data about the information 

exchanging between meetings, as well as the actions performed by planners to prepare 

such meetings. 

Data Collection 

Based on the data triangulation idea (Blaikie, 1991a) of using different data collection 

strategies to verify trends detected over a set of observations, information was collected 

through the use of field notes, video and audio records, and diaries. Field notes were used 

during the observations to compile key phrases, exact quotes with indications of emphasis 

and tone, sketches of the location, the history, steps, and context of any task, and details 
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that would be essential to study. Since capturing every moment and every word could be 

in some cases probably unneeded, the inquiry team focused on identifying patterns and 

phenomena within the activities (Saffer, 2010). Patterns are actions or ideas that keeps 

recurring -patterns of behavior, patterns in stories, or patterns of responses to a question. 

For instance, a recurring action such as using drawings for expressing ideas could be 

considered a pattern of behavior. They could emerge during the case study when 

something is done repeatedly, but also during the analysis of data. Instead, phenomena 

are unusual behaviors -especially unusual methods of working- that could be interesting 

and whose consideration could benefit to people in their work. As an example, the 

unusual fact of comparing data during the meetings could be a phenomenon that provides 

a different perspective over data in meetings. With the aim of identifying patters and 

phenomena, field notes used to start recording the name of the person doing the research, 

the day, the time, and the place. Then, they included the facts and history of the activities 

using pseudonyms instead of real names to preserve the anonymity of the subjects. 

Similarly to the methodology used in the first phase, two researchers took the notes  

(Blaikie, 1991a). As a complement, researchers video and audio recorded the meetings.  

Additionally to field notes and video records taken by the inquiry team, we asked 

participants to make diaries (Wiseman et al., 2005) for recording events, items of 

behavior, informal meetings as they occurred. So as to, participants recorded the date, the 

people involved, the goal of the meeting, and a description of how facts occurred. This 

information compiled all the facts, meetings, and discussions that took place between the 

meetings and in which researchers were unable to attend.  

Data Analysis 

One of the main challenges in case studies lies in the analysis phase, where ideas and 

findings emerge from fieldwork data. Raw data needs to be turned into a form that can be 

easily understood. To that end, two different data analysis techniques were used: affinity 

diagram and short vignettes. The former was focused on highlighting and categorizing 

information for identifying patterns, while the latter was focused on describing special 

issues identified during the observation.  
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Using affinity diagram for categorizing and organize data in groups to establish 

relationship among them (Beyer and Holtzblatt, 1998), the first step followed by the 

inquiry team was to make things physical and visible. This would allow drawing 

connections across various pieces of data, adding them up to a conclusion, or creating 

something new that could came up by existing pieces of data (Saffer, 2010). With such a 

purpose, the inquiry team wrote data, quotes, and ideas on a post-it note and stuck them 

on a wall. Then, team members move and organize notes in groups, establishing 

relationships, and partnerships among different data. In this case, the team for 

constructing affinity diagrams consists of three people: the researchers that attend to the 

interviews and the meetings, and an external person. The external person, with experience 

in the design of emergency-management system, was included during the categorization 

step for providing a different perspective of the emergency-planning process. Since 

affinity diagram technique resulted very useful for identifying patterns, short vignettes 

(Yin, 2003) were used to depict phenomena. They consist on a brief description of a 

recurrent action or a special situation, and the consequences of them. In such 

descriptions, following the philosophy of other design artifacts such as persona, the 

names used in the short vignettes are not real. 

3.2 Results 

The development of the ethnographic study has established a distinctly conclusion: 

planning is not a one-off process. Organizations and their resources are prone to change, 

as its society and the environment. A static plan is almost certainly out of date in some 

respects. The final principle for effective emergency planning is that it should be tackled 

as a long-term collaborative process, as an ongoing process determined by the following 

findings: 

Emergency planning practice is based on accumulated knowledge. Emergency plans 

are commonly based on previous emergency planning efforts and plans. Planners should 

take advantage of the experience of other planners, as well as plans generated by other 

jurisdictions. Likewise, knowledge emerged during drills or observations by planners 
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talking with their counterparts in other jurisdictions often generate valuable innovations 

(Haynes et al, 2007). 

During the emergency planning practice there is a permanent reference to the past. 

Since emergency planning is based on accumulated knowledge and tacit internal know-

how, emergency planners are continuously making reference to past planning experiences 

and decisions taken in previous years. Emergency planning should be based on using the 

experience as a key to reflect about new threats and updates (Haynes, Schafer, Carroll, 

2007). As one moves towards addressing issues of response, there is a constant need to 

‘refer backwards’ to matters that may impinge upon the ability to execute the target 

response.  

There is cadence of improvement all along the emergency-planning process. 

Emergency planners learn from experience and apply their knowledge in future planning 

efforts. Additionally, in-depth periodic training and exercising must be conducted with 

the objective of ensuring that personnel respond immediately and appropriately to 

potential and actual emergencies (Perry and Lindell, 2004). The performance of exercises 

helps identity strong points and corrective actions. As consequence, emergency plans are 

improved year after year. 

Indirect collaboration is present in the entire emergency-planning process. Since 

emergency planning is a professional activity, the members of the emergency planning 

team are not entirely and exclusively dedicated to the emergency-planning process. 

During the emergency-planning process, emergency planning members have to attend to 

their daily-job tasks. As consequence, the number of members of the emergency planning 

team changes, as well has the representative person of a response service. There is 

turnover of personnel along the process. This turnover of personnel is also cause by the 

extension of the emergency-planning process over time. Its extension over time makes 

that the representatives and members of the team change. The turnover of personnel 

causes that in many occasions emergency planners have to continue the work of people 

they have never met.  

In addition, as seen during the study, emergency-planning process does not finish with 

the elaboration and delivery of the emergency plan. Once the emergency plan is applied, 
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the planning team often conducts reviewing meetings in which planners track down the 

development of the plan and identify drawbacks and strong points. The result of these 

reviewing meetings is commonly a written report that collects relevant issues and 

problems discussed during the meeting. Besides this reviewing meetings, the extension of 

the emergency-planning process over time causes that, in many occasions, emergency 

planners have to meet again with the aim of going back to tasks such as the identification 

of risks or to the definition of strategies for updating and adapting the plan. Changes in 

the threat environment, technology, and the community require that an emergency-

planning process detect and respond to them. That leads to the main principle for 

effective emergency planning: to consider emergency planning as a never-ending process 

(Perry and Lindell, 2003b). 

 

Figure 3-1. Emergency planning: an iterative process 
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3.3 Discussion: Continuity in Emergency Planning 

The results from the ethnographic study denote that emergency planning is a process that 

has a strong influence of time for achieving an effective planning response. The local 

knowledge about the tasks they perform and the rich contexts they experienced in 

response to other situations becomes into accumulated knowledge over time that is used 

as the fuel for reflecting and planning effectively. This causes that emergency planners 

need to establish continuity between past events and present discussion situations. 

Continuity in emergency planning will be regarded as “a link between past and 

present design decisions that aids the planning team to think through decisions, to 

reflect on what is decided and why, and to build a collective understanding about the 

emergency-planning process”. The achievement of a sense of continuity in emergency 

planning, relies therefore on being aware of why an emergency plan was designed the 

way it is; or what is the same, the design story of how an emergency plan has been 

defined and updated over time. By having this sense of continuity in the emergency 

planning process, emergency planners will be able to understand the reason of being of 

planning decisions easing the achievement of effectiveness in planning. 

The establishment of continuity in the long-term process of planning is nevertheless a 

non-trivial task. The extension of the process over years causes gaps between meetings, 

the turnover of personnel, and limits on human mind capabilities for recalling. 

Consequently, the accumulated knowledge during planning is often lost hindering the 

reference to past experiences and disrupting the necessary continuity for reflecting in 

practice. When the time between meetings is too long, shared experiences, knowledge, 

and decisions from each meeting tend to be lost across the meetings. This lost of 

information is in many occasions exacerbated due to a high turnover of personnel. The 

turnover of personnel forces designers to continue the work of people they have never 

met, turning direct communication between team members into difficult or, even, 

impossible (Lougher and Rodden, 1993). People who are not part of the design team at 

the same time have to communicate and exchange information about the design. This 

causes that, in many occasions, planners ignore how the decisions they make interact with 

the decisions that others made and how such decisions may affect to the final decision. 
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3.4 Support for Continuity in Emergency Planning  

The study has revealed the need of planners of achieving continuity along the emergency-

planning process; that means that they need to create a link between present and past 

decisions -even if they have not be present during the whole process- to understand how 

the emergency plan has been created up to the date. To do that, emergency planners need 

to know the design story of the emergency plan: what, when, where, and why was made 

and decided during the emergency-planning process. Nowadays, with such a purpose, 

emergency planners resort to create reports and dossiers than compile information about 

the emergency situation, the response, and the design process itself. These external 

artifacts are good enough to create a structured based of knowledge, but they do not 

provide access to the accumulated knowledge generated during the planning process. 

This fact hampers that planners reflect over previously encountered data, experiences, 

and representations constructed and used in the past. Thus, computer-supported 

collaborative technologies could be a suitable mechanism to extend human limits and 

provide the necessary information about the design process for achieving a sense of 

continuity in emergency planning. 

As previously seen in Chapter 2, no effort has been made in this direction in the context 

of emergency planning. Although emergency-planning process is depicted as a long-term 

indirect collaborative process, limited consideration has been given to the issue. In 

literature, Schafer et al.  (Schafer et al., 2007) works were oriented to identify and define 

design implications for enhancing geo-collaboration in face-to-face community-based 

emergency-planning meetings. After studying the practice, the works were focused on 

providing community-specific design with support for intra- and inter-agency 

collaboration and diversity of stakeholders via a geo-collaborative prototype. Carroll et 

al. works (Carroll et al., 2007) were aimed at establishing and maintaining common 

ground among collaborators in emergency planning. By providing social and workspace 

awareness, the work is intended to support teams activity during distributed tabletop 

emergency planning exercises. In addition, in company of Convertino and others 

(Convertino et al., 2007; Convertino et al., 2008) their works made special emphasis on a 

role-based collaboration support for emergency planning activities. Paper prototypes 
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were used to study such issue. Otherwise, from a more pragmatic view, different 

computer-based systems of a high-level of interactivity have been developed for 

supporting the emergency planning process. Based on gesture interaction, Bader et al.’s 

work (Bader et al., 2008) combines an interactive surface with tablets so as to support 

role-based interaction, annotation and customized zooming in planning. uEmergency 

(Qin et al., 2012), a collaborative system displayed on a very large surface, allows users 

to browse on maps for accessing to information and making annotations on the map. 

Paelke and others’s work (Paelke et al., 2012) present a map-based system based on a 

custom-built tabletop with 3D terrain model to assists the planning of actions and the 

assignation of resources. Furthermore, CoMap (Doeweling et al., 2013) system was 

designed to combine role-based access control and indoor tracking via Bluetooth to 

support accountability of actions and information sharing in planning. All these 

computational solutions provide insights for supporting different collaborative 

interactions in emergency planning meetings, but leave aside indirect collaboration in the 

long-term process of planning and the support for reflecting about accumulated 

knowledge created during planning and past experiences. The absence of such support 

provokes the loss of relevant information that allows planners to achieve continuity in the 

development of the emergency planning practice. 

Contrary to the emergency-planning context, the issue of long-term indirect collaboration 

has been largely computational treated in the design field through temporal concepts such 

as design rationale and awareness. Design rationale (DR) is defined in literature as the 

explanation of why an artifact, or some part of an artifact, is designed the way it is (Lee 

and Lai, 1991). Along the history of design rationale, many semiformal representations 

and notations have been defined with the aim of making explicit the reasons behind 

decisions made when designing. As an example, DR models like the Issue-Based 

Information System (IBIS) (Kunz and Rittel, 1970) and the Question, Option, and 

Criteria (QOC) model (MacLean et al., 1991) have been focused on representing the 

basics of deliberation processes. IBIS organizes deliberation into a network of three data 

elements: issues, positions, and arguments. While, QOC representation emphasizes the 

systematic development of a space of design options structured by questions, options, and 

criteria. From IBIS model, many others have been created to extend its conception. The 

Procedural Hierarchy of Issues (PHI) (McCall, 1991) extends IBIS by adding the 
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resolution of issues via two methods: deliberation and decomposition. The Representation 

and Maintenance of Process Knowledge (REMAP) (Ramesh and Dhar, 1992) tries to 

represent the issues, arguments, and position, but also the context in which 

argumentations occur and the outcomes of the argumentation. Potts and Bruns model was 

developed as an extension of IBIS for representing deliberation and the relation between 

the deliberation and the artifacts (Potts and Bruns, 1988). In the same direction that Potts 

and Bruns but with a broader scope, Wiegeraad model (Wiegeraad, 1999) tries to 

represent the design history of a designed artifact. The model is focused on representing 

the basic cycle of decision-making containing two fundamental elements: the discussion 

and the product model. As seen, all this models attempts to make explicit and 

communicate among designers the design rationale of a designed artifact. Although this 

part of the design process is important for understanding it, DR models do not consider 

relevant information that would allow designers to get a big picture of the whole design 

process over time. Aspects such as the personnel who made the decisions, the context, or 

the intent are matters that can vary over time and can be relevant for understanding the 

design process as a whole.  

In the case of awareness approaches, more emphasis is made on the understanding of the 

overall state of a system or activity.  Particularly, activity awareness, understood as 

“people’s ability to get and maintain ‘the big picture’ about the ongoing collaboration 

while they are working together on long-term projects” (Convertino et al., 2004), is 

focused on assisting long-term activities. In essence, this approach aims to provide 

awareness about the team, the environment, and the activities as well as about the 

evolution of the activities over time (changes, alternatives, reasoning, future plans, etc.). 

However prototypes and systems created within CSCW research are still partial solutions 

regarding the broad concept of activity awareness. Among other works created under the 

umbrella of activity awareness, Farooq et al. (Farooq et al., 2007), Ganoe et al. (Ganoe et 

al., 2003), Carroll et al. (Carroll et al., 2003) and (Nomura et al., 1998) works has put the 

focus on information that can be relevant users to develop a task: the task, the goal, 

changes and updates in the activity, etc. Others works such as Dourish et al. (Dourish and 

Bellotti, 1992) work, includes not only information about the activity, but also about the 

roles within the activity. Nonetheless, again, these solutions still loss a lot of information 
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–such as the context and the people involved- that might be useful for constructing the 

design story of the emergency plan, and, consequently, for achieving continuity.  

3.5 Summary 

The two-year ethnographic study of the emergency-planning process at the local level has 

allowed to get a deeper understanding of emergency planning, as well as confirm the 

lessons learnt from literature and get some characteristics of continuity in emergency 

planning. The need of continuity in emergency planning for planning effectively is seen 

during the process by the presence of indirect long-term collaboration, by a continuous 

reference to past planning experiences, to the use of accumulated knowledge for defining 

response solutions to emergency situations and by a continuous cadence of improvement 

of emergency plans. All these converge in the need of getting an overview of how an 

emergency plan is developed over time as a resource for planning effectively. Emergency 

planners need to get the design story of emergency plans.  

Having access to all these accumulated knowledge, previously encountered data, 

experience, and representations constructed and used in the past is hard to hold in mind 

over time, even manually maintain (Ericsson and Kintsch, 1995). Some organizations 

focus on creating reports and dossiers than compile information about the emergency 

plan. But, these external artifacts commonly collect just the main tasks to overcome 

during the planning process. Thus, they are not enough to get an overview of the design 

story of emergency plans. In this sense, collaborative technologies could be a suitable 

mechanism to extend human limits and provide all these information as a way of 

achieving a sense of continuity for planning effectively. Nevertheless, existing 

collaborative technologies designed for supporting the emergency-planning process so far 

have left aside the relevance of long-term indirect collaboration issues such as continuity. 

Collaborative technologies focus on supporting the process of planning, but not on 

maintaining the design story for achieving a sense of continuity in the emergency-

planning process. 
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4 DESIGN STORY SUPPORT FOR CONTINUITY IN 

EMERGENCY PLANNING 

Successful long-term activities are characterized by permanent doing and change, by 

constant learning and improvement, by a continuous framed and reframed. Continuity can 

be therefore considered as a key factor in activities extending over long periods of time. 

Continuity enables keeping a link between past and present. It allows maintaining an 

uninterrupted understanding of the on-going work, an understanding that informs 

decisions and actions during the lifetime of the activity. However, despite its relevance to 

long-term activities, achieving continuity is not a trivial effort. In the true sense of the 

term, continuity refers to “the unbroken and consistent existence or operation of 

something over a period of time” (Oxford Dictionaries, 2013). In that understanding, 

achieving continuity requires being unceasingly working without disruption and always 

in presence of the same individuals, a behavior that is unthinkable in activities that take 

place over long-periods of time. The day-to-day work articulation of long-term activities 

is usually carried out into several meetings spread out over time, becoming the process in 

a fragmented and broken one.  

Achieving continuity is especially relevant in future-oriented activities such as design. 

Design can be regarded as a transformation process aimed at creating an artifact that 

solves a perceived gap in a situation or experience (Ulrich, 2011). In this context, 

achieving continuity requires being aware of why a design artifact was designed the way 

it is. Such awareness might allow understanding the reason of being of the artifact. With 

the purpose of assisting the achievement of continuity, collaborative software 

technologies that support building awareness of the design story should be provided. 

However, the construction of such collaborative software technologies is not a trivial 
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task. An overload of irrelevant information, the application of inappropriate capture 

services, or the usage of cumbersome presentation techniques can hamper the 

construction of awareness. 

Focusing on emergency planning, the study of the practice has allowed characterizing 

emergency planning as an indirect long-term collaborative activity characterized by a 

regular cadence of improvement. Effective emergency planning is thus based on 

achieving continuity over the planning process. Continuity in emergency-planning 

process refers to the link between past and present design decisions. This continuity 

aids the planning team to think through decisions, to reflect on what is decided and why, 

and to build a collective understanding about the process. The achievement of continuity 

in emergency planning, as well as in design, relies on being aware of the design story of 

emergency plans. The design story of emergency plans refers to the story of why an 

emergency plan was designed the way it is; or what is the same, which is line of 

development that the emergency-planning team has followed to create an emergency 

plan. Becoming aware of some emergency-planning information during the emergency-

planning process can allow planners to construct, envision and understand how design 

decisions they interact with others, how the emergency-planning process has been 

developed up to date. However, awareness is neither a deliberate act that people perform 

consciously nor the product of passively acquired information. For being aware, people 

scan for certain cues and traces of the on-going work that could help them understand 

what is happening and inform their future activities. As consequence, emergency-

planning members should be provided with the essential information for inferring or re-

constructing the story of development of the emergency plan: what was decided and why, 

in which context were made the decisions, and who was involved in such deliberation 

processes (the design story). Due to the characteristics of extension of the emergency-

planning process over time, all these information cannot be communicated among 

emergency planners. As an alternative, it is possible to build collaborative software 

systems that help emergency planners to construct the design story of the emergency-

planning process, providing such planners with a sense of continuity.  

In order to design collaborative software systems for the domain of emergency planning, 

it is important to define the expected interactions that a software system that assist 
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continuity in emergency planning should follow. With such aim, an analysis of what 

users must do during the process of planning and the content that the user uses or react to 

(see Figure 4-1) has help to identify the expected behavior of collaborative software 

systems for continuity.  

 

 

Figure 4-1. Task flow diagram for interactions 

The task flow diagram for interactions reveals that users not only need to develop 

common emergency planning tasks, but also they require to be aware of a great amount 
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of planning information; information that in some cases is defined by the planning team, 

but in other cases is extracted from previous plans and presented to make the planning 

team aware of it. The achievement of continuity in collaborative software systems is 

therefore a complex process. Become the emergency planning team aware of design 

information involves cognitive processes on the user’s side. Awareness is commonly 

defined as a “mental state” of a user that involves consciousness of the activities of others 

and provides a grounded for own activities. According to this definition, it becomes 

impossible to design systems that actually provide awareness. Systems can only support 

the process of building awareness. This process of building or providing awareness 

consists of three separated steps (Kantor et al., 1997; Sohlenkamp, 1999): 

1. Information collection  

2. Information distribution  

3. Information presentation 

According to this process, the design of collaborative software systems for continuity in 

emergency planning must involve the capture of useful information, the distribution of 

the collected information to the appropriate users, and the display of the information in a 

meaningful manner. It must be noticed that these three steps may work as information 

pipeline (see Figure 4-2). 

 

Figure 4-2. Information Pipeline. Based on Sohlenkamp information pipeline (Sohlenkamp, 
1999) 

Available information about the activity must be communicated and processed by users. 

This flow of information is initiated by some user action. The resulting information of the 

action must be captured, stored, and subsequently propagated to other users. The final 

step is presenting the stored information to users. Perceiving the presentation of such 

information is what makes individuals aware of the originating action. 
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Regarding the information needed, the most common formula used in journalism and 

storytelling for getting the complete story on a subject is the use of the Five W’s. The 

principle of Five W’s states that by gathering information about who, when, what, where 

and why of a subject, it ensures that all aspects of the story are covered. Thus, to allow 

emergency planners to construct the story of the emergency planning process, the Five 

W’s could be used as the basis for defining the essential information needed. In this 

particular case, the conceptual information for each W will refer to: 

• The what information refers to the subject of matter of the story and what 

happened.  

• The who information refers to the people involved or affected by the story.  

• The when and where information refers to the context of the story. When and 

where happened the facts?  

• The why information refers to the underlying reasoning of the facts. Why 

happened something?  

In keeping with this idea of providing a sense of continuity by constructing the story of 

the emergency-planning process through technology, this chapter presents a conceptual 

framework oriented to address the design of collaborative software systems that help to 

construct the story of the emergency-planning process. Subsequent sections are oriented 

to describe the proposed framework.  

4.1 Co2Plan: A Conceptual Framework for Continuity in Emergency 

Planning 

The term ‘conceptual framework’ has been used by different authors, in different 

domains, with different purposes. In order to clarify the scope of the research work, in 

this dissertation a conceptual framework will be understood as: 
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“The conceptualization of the basic issues that designers need to consider for the 

design of computer-based technologies.” 

Accordingly, a conceptual framework for continuity in emergency planning compiles all 

those abstractions that should be considered for the design of collaborative software 

systems that help planners to construct the story of the emergency planning process. The 

first element of the framework is the set of requirements that any collaborative software 

system conceived to assist continuity in emergency planning should comply. The second 

element of the framework states the essential information needed for achieving continuity 

in emergency planning. Such information has been represented through a metadata model 

with the main entities and relationships involved for achieving continuity. Finally, the 

third element includes the design guidelines for continuity in emergency planning. These 

design guidelines compile design directions about the expected behavior and interactions 

of collaborative software systems that assist continuity in emergency planning. 

Subsequent sections are focused on explaining each of the three elements of the 

framework. 

4.1.1 Requirements for Assisting Continuity in Emergency Planning 

The first step for designing collaborative software systems that assist continuity in 

emergency planning is to determine the requirements that collaborative software systems 

must meet. They constitute a conceptualization used to describe continuity within the 

emergency-planning domain and to specify their solutions. These requirements are the 

result of theoretical study and field study of the emergency planning activity. The deep 

analysis of the activity developed into Chapters 2 and 3 allowed identifying the course of 

action during the emergency-planning process and certain aspects of emergency planning 

that are categorically applicable to a wide variety of local emergency-planning efforts. As 

result, a total of seven requirements have been identified (see Table 4-1 for seeing the 

summary). Following subsections explain each of them. 

Tabla 4-1. Requirements for Continuity in Emergency Planning 

Requirements for Continuity 
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R1 Supporting institutional information storage (who) 

R2 Supporting planning information storage (what) 

R3 Supporting the definition of response proposals and alternatives (what) 

R4 Maintaining previous effective planning information (what) 

R5 Maintaining a track of reflection development (why) 

R6 Supporting the communication of the reason of being of decisions over time (why) 

R7 Maintaining the context of planning (when/where) 

R8 Reporting situational information (when/where)  

Tabla 4-2. Requirements for Continuity in Emergency Planning 

R1 - Supporting institutional information storage 

As FEMA (FEMA, 2007) and other authors (Quarantelli, 2000) stated in the steps of the 

emergency planning process, the first milestone in the emergency-planning process is to 

define a planning team. Due to the multidisciplinary of the planning team (Dynes, 1990), 

it is important to define which are going to be the main services involved in the definition 

of an emergency plan. The ethnographic study of the emergency planning process 

showed that for composing the team, an examination of the response-generated demands 

of threats allows identifying which department or service should be represented in the 

planning team, but also what resources are needed. Once services are identified, a 

representative of each service must be selected to be a team member (emergency planner) 

in the emergency-planning process. Emergency planners do not need to be experts on 

every issues addressed in planning, just must know the steps in the planning process and 

provide their specific knowledge and experience. There is a need of having a clear 

agreement among all the emergency planners regarding responsibilities, priorities and 

resources. Therefore, it is important that any emergency-planning tool offers support for 

storing all the information regarding the planning team services, members, and roles. In 

this way, emergency planners could be aware of who has been involved in the emergency 

planning process are and which their roles are.  

R2 - Supporting planning information storage 
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Literature of the domain states that emergency planning is a process driven by two main 

goals: hazard assessment and risk reduction (Perry and Lindell, 2003a). Hazard 

assessment involves documenting known threats and local risks in a specific emergency 

situation. Risk reduction is the specification of the actions necessary to decrease the 

known or projected levels of danger. The latter helps identify the resources needed for an 

effective response action. Once risk and threats are characterized, the resource analysis is 

made for identifying whether special equipment or personnel are required and assigning 

tasks specifically to individuals or teams. All these information related with what kind of 

risks should be covered and what is needed for responding an emergency situation is 

essential as a starting point for the emergency-planning process. This information will 

allow having in advance all the needed information for beginning to plan. Therefore, 

emergency-planning tools must offer support for its storage.  

 

 

R3 - Supporting the definition of response proposals and alternatives 

The core element of emergency planning is the definition of effective response actions 

(Perry and Lindell, 2007b). During the emergency-planning process, emergency planners 

meet to define the procedures, actions and operations likely to be appropriate for facing 

an emergency. Emergency planners rely on accurate knowledge of threats, assumptions, 

consequences, and ways to manage them to explore the wide range of alternatives for 

facing the emergency situation (Haynes et al., 2007). The planning team requires 

therefore having support to define response strategies and alternatives based on the 

coordination of services and departments, the definition of response actions and the 

allocation of resources during planning for response. As has been seen during the 

ethnographic study, this definition of response must be done collaboratively between the 

members of the emergency-planning team. They should be able to discuss and exchange 

information about the responses and the alternatives (what).  

R4 - Maintaining previous effective planning information 
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As the literature and the emergency planning practice have reveal, collaboration that 

takes place during the emergency-planning process is indirect and spans long time. As 

consequence, emergency planning does not start necessarily from scratch. Emergency 

planning teams commonly take advantage of experience of other planners, as well as 

plans generated by other jurisdictions or in previous years for defining the emergency 

plan (Perry and Lindell, 2003a; Haynes et al., 2007). During observations, it was seen 

that taking previous planning efforts as basis for planning avoids repeating past mistakes 

and allows learning from experience. Therefore, a collaborative software system that 

fosters long-term indirect collaboration among planners must support communication 

about not only the design process, but also the designed artifact itself (what). By keeping 

previous planning information, emergency planners can follow the evolution of an 

emergency plan and to achieve a sense of continuity over time.  

 R5 – Maintaining a track of reflection development 

Aforementioned, along the planning process and, more specifically, during the definition 

of response strategies, the planning team studies and explore different proposals and 

alternatives of how facing an emergency situation. This reflection development contains 

information that determines what choices were made when performing the design of the 

plan. The aim of the track of this reflection process in planning is to find sources of 

design problems and to be able to detect where changes need to be made (Potts and 

Bruns, 1988). By keeping track of design alternatives that had been explored during the 

reflection process, emergency planners can thus avoid making a choice that was rejected 

earlier and improve the previous ones. In short, the track of the reflection process may 

allow improve the emergency plan by providing planners with the different alternatives 

studied and discarded during the planning process (why).  

R6 – Supporting the communication of the reason of being of decisions over time 

As has been seen during the ethnographic study, the more challenging defiance is the 

communication of design information between planners during the extension of the 

emergency-planning process over time. By making available design information to others 

affected to the design provide planners both, insight into the design of the plan and the 

opportunity to provide their perspective into the process (Moran and Carroll, 1996).  The 
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access to the reason of being of the decisions taken over time can help the planning team 

to understand why some issues were solved in a specific manner. Additionally, 

communication of design information can also provide an efficient way to detect conflicts 

in the work of multiple designers and shorten the review cycle. 

 

 

 

R7 – Maintaining the context of planning 

When humans talk with humans, they are able to use implicit situational information, or 

context, to increase the conversational bandwidth. As seen during the ethnographic study, 

when planners take decisions, they normally manage information that is used to 

characterize the situation in which a decision is taken. This contextual information 

becomes the decision into more understandable for those that are present. Therefore, 

maintaining situational information of the emergency plan about when and where were 

taken the decisions during the emergency-planning process can make the plan more 

understandable for all the planners involved all along the process, even if they are present 

or not.  

R8 – Reporting situational information 

During the observation made in the ethnographic study of the emergency-planning 

practice some issues rose because of a lack of information about who take some of the 

decisions during planning meetings and under which conditions. As consequence, in 

addition to contextual information that helps to get a better understanding about 

decisions, it is important to have situational information. The extension of the emergency 

planning practice over time makes that in many cases emergency planners have to 

continue the work what others started. In many occasions, it is important to have 

information about who was the person or role that take a decision, in order to prioritize or 

understand it. As consequence, having situational information that relates decisions and 

people is extremely important in this type of collaborative software systems.  
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4.1.2 Essential information for Continuity in Emergency Planning 

Aforementioned, the most common formula used in journalism and storytelling for 

getting the complete story on a subject is the use of the Five W’s  -what, who, when, 

where and why. Collecting at least the essential information needed for completing these 

five W’s should allow emergency planners to construct the story of how the emergency 

plan has been defined up to date. Thus, any emergency planner that cannot attend or has 

been incorporated in the middle of the emergency planning process could get an overview 

of what was decided, who decided what, why the decision was made in the manner 

described, and when and where the decision was taken. 

For determining the essential information needed a metadata model has been defined in 

order to represent the main information entities and their relationships. Subsequent 

subsections show the information needed from the emergency planning process for each 

of the five W’s.  

The what information  

The what information must allow emergency planners to get knowledge about the 

emergency plan that is being developed and the process followed to obtain it. Thus, as 

emergency planning is commonly depicted as a design process, the essential entities and 

relationships that could allow achieving the awareness of the planning process will be 

related with the two main components of the design activity: the product and the process. 

The design product that results from the emergency planning process is the emergency 

plan document. The main goal of the emergency plan document is describing the set of 

actions and response strategies for facing an emergency situation. To that end, the 

emergency plan includes information related to: the main risks that tackle an emergency 

(Risk), the set of situations or events that are handled in the emergency plan (Situation), 

the tasks needed to face each situation (Task), the response strategy for each task 

(Proposal), the response services that will be involved in the response to the emergency 

situation (Service), the role of each service within the plan (Role) and the available 

resources that provide each service (Resources). By integrating and relating all these 

information the emergency plan provides knowledge about who will do what, when, and 
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using what resources. Consequently, in order to be aware of the defined emergency plan, 

seven entities and their relationship should be considered (see Figure 4-1). 

 

Figure 4-3. The what information 

Entities: 

• Plan: General descriptive information about the emergency plan. It will includes 

information such as the name of the plan, the event for which the plan is defined, 

the main goal of the plan, etc.  

• Role: the function or the part that an individual plays in the emergency planning 

activity. 

• Service: the department of public employment involved in the response to the 

emergency situation. 

• Risk: a threat or a situation involving exposure to danger damaging properties or 

injuring people. 

• Resource: equipment or personnel available for responding to an emergency 

situation. 

• Situation: a set of circumstances that determine an event. 



                                                                DOCTORAL THESIS  |  Sara Tena 

 

86 

      

86 

• Task: a piece of work to be done or undertaken. 

• Proposal: a set of response actions and/or procedures for facing an emergency 

situation. 

Relationships: 

• Plan-Role-Service: services can take part into different emergency plans and play  

different role depending on the characteristics of each plan. As consequence, this 

relation is intended to capture which is the role that plays a service within a 

particular emergency plan. 

• Plan- Risk: makes reference to the risks that must be covered in this emergency 

plan 

• Risk-Situation: an emergency plan can involve different emergency situations at 

different times. Each of these situations can be affected by different risks. For 

instance, an emergency plan can involve a total of five risks, but in a specific 

situation of the plan just three of them affect to it.  

• Situation-Task: facing a situation affected by one or several risks can involve the 

performance of different tasks or actions for responding to the situation. This 

relation is intended to capture which tasks are related to which situation. 

• Task-Proposal: for each task, emergency planners can study one or more 

proposals of response strategies. This relation will allow linking the different 

proposals for the different tasks studied within a situation 

• Service-Resource: this relation is intended to capture which are the resources that 

are available from the different services.  

• Resource-Task: resources will be used for defining the response to each 

emergency planning task.  

The who information 
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The who information is oriented to provide knowledge to emergency planners about the 

people involved in the design process of the emergency plan. Given the collaborative 

nature of the design of emergency plans, design process entities requires to consider a 

structure that fit for group activities. Taking as a base the conceptual model of group 

behavior for the context of CSCW research (Figure 4-2) proposed by Convertino 

(Convertino, 2008), four main elements must be taken into consideration: the properties 

of the members, the standing group, the properties of the environment, and the 

task/situation. As Convertino describes, the properties of the members include the 

experience and skills of the participants. The standing group involves group composition, 

division of labor into tasks (roles), and power structure. The properties of the 

environment make reference to physical, socio-cultural, and technological issues. 

Task/situation includes particular sets of requirements, demands, possibilities, and 

constraints characterizing the task and situation of specific groups.  

 

Figure 4-4. Group process model of Convertino (Convertino, 2008)  

Mapping the model to the emergency planning process, the standing group entity refers to 

the membership of a participant to a service and the role that such member plays in the 

implementation of the plan. Regarding the ‘member’s properties’ entity, background 

information can provide an overview of the profile of the team member, and the 

experience in planning. The experience in planning is especially relevant to be aware if 

the reasoning of a member is supported by his/her expertise defining plans. Figure 4-3 
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shows the instantiation of the team structure and members properties for emergency 

planning.  

 

Figure 4-5. The who information 

Entities: 

• Role: the function or the part that an individual plays in the emergency planning 

activity 

• Service: the department of public employment involved in the response to the 

emergency situation 

• Member: an individual that belongs to a service involved in the emergency-

planning process 

• Background: an individual’s education. Knowing the background of an 

emergency planning member can help to understand the reason of being of some 

decisions taken by him/her. 

• Experience: knowledge or practical wisdom gained from what an individual has 

observed, lived through, or undergone in emergency planning 
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Relationships: 

• Service-Member: an emergency-planning service is commonly represented during 

the emergency-planning process by one or more representatives of the service.  

• Member-Role: decisions will be differently accepted by emergency planners 

depending on the role that they play within the emergency-planning process. 

Decisions taken by the coordinator of the plan used to be more valued. Therefore, 

it is important to make emergency planners aware of which role is playing a 

particular member within the emergency-planning process. 

• Member-Background/Experience: it is important to get information from the 

member, since is not the same to have an experienced person in planning or a 

novel one. Background and experience information can help to understand some 

design decision taken during the emergency-planning process. 

The when and where information 

The when and where information refers to information that can be used to characterize 

and understand the reason of being of previous decisions. Environmental or situational 

information can help emergency planners get context of the emergency plan for 

understanding it. The context in which the emergency situation is developed, particularly, 

the local area in which the emergency occurs, the period of time of application of the 

plan, and the current normative are relevant information that should be known by the 

emergency planning team. To be aware of the socio-technological characteristics of the 

environment in which an emergency takes place, three relevant entities must be 

considered: the location, the period of application, and the normative and laws. Figure 4-

4 collects the main entities and relationships for the environment.  
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Figure 4-6. The when and where information 

Entities: 

• Location: area, place or position where the emergency situation will take place 

• Period: the lifetime of the emergency plan and, consequently, the time slot in 

which the emergency situation must be managed 

• Law: the system of rules of application to the emergency plan that will regulate 

some actions of emergency plan 

The why information 

Special attention should be paid to the why information. The why information will allow 

emergency planners to get knowledge about the underlying reasoning of decisions 

associated to the emergency-planning tasks. Knowing the reasoning associated to 

decision can help to understand way an emergency plan has been designed in the way it 

is, to avoid repeating mistakes, and to learn from past planning experiences.  

Since emergency planners deliberate about emergency issues creating different design 

proposals and alternatives to define the response strategies. Conceptualizing this 

deliberation process, denominated by some authors as design rationale, must be done for 

capturing the why information. Among the exiting models in literature about design 

rationale (see Chapter 2), this thesis work takes as reference the model for design 

deliberation of Potts and Burns (see Figure 4-5). The strongest point of this model is the 

separation between the representation of artifacts and the rationale for understanding the 

decisions made during a design effort. As representing the entire rationale explicitly is 
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almost impossible (due it is embedded in many elements along the design process), 

whatever is represented must be accessible and have some structure. This model 

concentrates on representing and structuring the issues, alternatives, and justifications 

used during the design process, as a way of become designers aware of the underlying 

reasoning of the deliberation process.  

 

Figure 4-7. Potts and Burns model for design deliberation (Potts and Bruns, 1988) 

The resulting sub-model for the why-information is represented in Figure 4-6. 
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Figure 4-8. The why information 

Entities: 

• Session: physical meeting that brings together a group of member to deliberate 

about response proposals 

• Proposal: a set of response actions and/or procedures for facing an emergency 

situation 

• Issue: an identified problem to be resolved by deliberation 

• Justification: statements giving the reasons for and against a related alternative 

• Comment: an explanatory note 

 

Relationships: 
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• Session-Proposal: during a planning meeting (session), different response 

proposals can be studied. In order to understand when was proposed each 

response strategy it is important to relate the meeting with the proposal.  

• Proposal-Issue: a response proposal can treat different issues. Such issues are the 

reasons that commonly lead to study different response alternatives. 

• Issue-Justification/Comment: an issue can have associated a justification of why it 

is important to study a different response proposal or a simple comment that 

indicates the reason of being of such alternative or proposal.  

The metadata model 

By integrating all the aforementioned elements, the following metadata model (see Figure 

4-7) intends to represent the main entities and relationships of the emergency planning 

activity that will influence in the achievement of continuity. By joining all the entities and 

relationships, a collaborative software system must be able to compile all the information 

needed to construct the design story of the emergency-planning process through the five 

W’s. Providing emergency planners with all these information should allow them both to 

envision how an emergency plan was designed in the way it is and to achieve a sense of 

continuity during the emergency-planning process.  
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4.1.3 Design Guidelines for Continuity in Emergency Planning  

In order to address the design of suitable collaborative software systems for continuity 

through awareness of the emergency planning information, a set of design guidelines are 

proposed. Proposed design guidelines will be organized into three categories: emergency 

planning, capturing and representing information. Emergency planning design directions 

refers to those interactions and behavior that are intrinsic to the development of the 

emergency-planning activity. The other two categories are concerned with the first and 

the third step of the process for providing awareness: capturing and presentation of 

information. Since emergency planning meetings commonly take place in a face-to-face 

way, the distribution of information will be made to all the users involved in the meeting; 

and, consequently, no design guidelines will be required for this step.  

Design guidelines for emergency planning will be coded with the acronym DGEP-N, 

whilst design guidelines for capturing information will be coded with the acronym DGCI-

N and design guidelines for presenting information with the acronym DGPI-N. In all 

cases, N refers to the identification number within the group of design directions. Table 

4-1 shows a summary of the proposed design directions. In subsequent sections design 

directions are detailed.  

 

Design Guidelines for Continuity 

Design Guidelines for Emergency Planning  

DGEP-1 Assist role-based collaboration (who) 

DGEP-2 Use of interactive maps and digital representations (what and where) 

Design Guidelines for Capturing Information 

DGCI-1 Capture response proposals and the space of alternatives (what) 

DGCI-2 Capture group decisions (why and when) 

DGCI-3 Capture individual design rationale (why and when) 

DGCI-4 Uses of design-rationale capture mechanisms that do not disrupt the activity (why) 
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DGCI-5 Link design rationale with design elements (why) 

DGCI-7 Capture of the evolution of the design process (what and when) 

Design Guidelines for Presenting Information 

DGPI-1 Consciousness about design alternatives (what) 

DGPI-2 Comparison of design alternatives (what) 

DDPI-3 Access to detailed information of design alternatives (what) 

DDPI-4 Consciousness of associated design rationale (why) 

DDPI-5 Differentiate rationale presentation based on its characteristics (why) 

DDPI-6 Access to participant’s properties (who) 

Table 4-1. Design directions summary 

Design Guidelines for Emergency Planning 

DGEP-1. Assist role-based collaboration  

The planning team is in charge of the definition of the emergency plan. The planning 

team is commonly composed by representatives of the services or departments that would 

be involved in the response to an emergency situation. Within such planning team 

commonly exist a clear differentiation between the coordinator of the plan, which will be 

the main responsible person of the plan, and the rest of team members. For making clear 

such differences, collaborative software systems must make planning team member 

aware of the services that are represented in the meetings and the role that plays any of 

them.  Thus, the system should support the differentiation of roles among participants not 

only through the use of different services, but also in a visual way.  

DGEP-2. Use of interactive maps and digital representations 

The definition of strategies entails the exchange of information related to possible 

emergency event locations and their surrounding areas. Emergency planners require 

examining spatial charts and geographic maps to collaboratively develop responses and 

procedures. By using geospatial representations facilitates the building of mutually 

agreed-upon locations and discuss about emergency issues. Providing planners with 
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interactive digital representations allow them to contextualize and integrate such 

geospatial information that will be analyzed and discussed, as well as to bring different 

and often controversial points. By using interactive maps and digital representations of 

routes and resources, participants have the chance of allocating resources, defining 

routes, and highlighting elements of interest for the plan. Additionally, the use of 

zooming capabilities and different views of an interactive map can provide specific and 

relevant information for planning. As an example, providing two different views such as 

the street view and the satellite view, planners will have access with different useful 

information for developing planning tasks. The street view, including highways and street 

data, might be helpful to get relevant information such as driving directions; while, the 

satellite view might be useful to get detailed area conditions. 

Design Guidelines for Capturing Information 

The capture process should focus on capturing and storing the data that might be used to 

infer how the emergency planning process took place. Following design directions are 

intended to address this process.  

DGCI-1. Capture response proposals and the space of alternatives 

Intermediate results will strongly influence the course of action that is taken downstream 

the emergency-planning process. While a route or allocation represents a single design 

possibility, intermediate results represent aspects of a whole set of possibilities for the 

eventual response strategy. This can be done quite concretely by a series of alternative 

designs, which in someway cover or sample the set of possible designs. A collaborative 

software system should capture the geospatial information related to a response proposal 

for an emergency situation, as well as the alternatives studied during the design process 

for a particular planning task.  Having the proposals and the space of alternatives will 

enable getting a broad view of the decision tree followed to reach a decision.  

 

 

DGCI-2. Capture group decisions 
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Aforementioned, the creation of intermediate solutions is a useful mean for exploring the 

space of alternative solutions for an emergency issue. Among all these alternatives, the 

emergency planning team has to make a decision and select which they consider that is 

the “best” approach to solve the problem. This decision will determine the composition of 

the final document of the emergency plan. Therefore, it is important to capture not only 

the information related to the proposal and alternatives (DGCI-1), but also the final 

decisions of the group and the underlying reasoning associated to them.  

DGCI-3. Capture individual design rationale 

Capturing the design rationale of a decision may be a helpful mean for improving the 

design process, as well as for its future use. The underlying rationale of a decision can 

help to understand de reason of being of a design artifact. Although the reasoning of 

planning must be considered and treated as a collaborative effort, specific argumentations 

should be analyzed as individual contributions. The multidisciplinary of emergency 

planning implies that different planners, even representing the same service, can make 

different contributions depending on their responsibility, background, or involvement 

level. Hence, comments, opinions and judgments cannot be considered as anonymous, 

but personal identifiable. Logging user argumentation will allow further tracking of 

reasoning. 

DGCI-4. Uses of design-rationale capture mechanisms that do not disrupt the activity 

One of the main design challenges of capturing design rationale relies on overcoming the 

view of designers of design rationale as an ”extra” step (Conklin and Yakemovic, 1991). 

It would be difficult to encourage planners to capture their rationale if they felt such 

capture as additional work. As consequence, capturing rationale should be just made 

when it is strictly necessary and embedded in the practice without disrupting the planning 

process. Automatic capturing techniques are essential mechanisms to capture rationale 

without interrupting the activity; however, these techniques usually record raw data what 

makes difficult the information retrieval process. The alternative will be a balance 

between user intervention and automatic capturing tools. Automatic capturing techniques 

should be restricted to recording design decisions that can be supported through digital 

knowledge representations –e.g. evacuation routes, relocation points, elements of interest, 
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location of resources, etc. This information should be additionally enriched with manual 

annotations provided by planners. The use of digital annotated designs will allow 

capturing the reasoning of planning in a semi-structured way (Carroll and Moran, 1991), 

integrating the argumentation within the design artifact. Additionally, with the aim of 

easing the capture of annotations, the use of reconnaissance voice mechanisms could be 

very useful.  

DGCI-5. Link design rationale with design elements 

Some organizations focus on creating reports and dossiers than compile information 

about the design artifact. Although these external artifacts are good enough to create a 

structured based of knowledge, they should be captured and linked to the design artifact; 

in this particular case, the emergency plan. Capturing rationale linked to the design 

artifact will enable establishing the correspondence between what is discussed in each 

design decision.  

This need of a link between the design rationale and the design artifact motivated, in the 

metadata model, the extension of traditional design rationale representation models with 

the link to the entities related to the emergency plan. Reasoning (comments and 

justifications) must be linked to the different elements of the emergency plan (responses, 

resources, etc).  

DGCI-6. Capture of the evolution of the design process 

Mentioned all along the work, emergency planning is an on-going process that takes 

place into several meetings spread out over time. The emergency planning team 

composition can be different on each meeting and, consequently, the decisions of the 

plan. With the purpose of getting a broad understanding about the evolution of the 

emergency plan over time, it is needed to capture the evolution of the design process: the 

number of sessions, the participants, the tasks treated, as well as the alternative and 

solutions. All these information together creates a big picture of the design process.  

 

Design Guidelines for Presenting Information 
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The presentation of the captured information in a meaningful way is the most relevant 

step to provide awareness of an on-going work. The main aim at providing awareness 

should be to inform users without interrupting their work. Therefore, it is important to 

present the information in a way that is as unobtrusive as possible, yet allowing the 

signaling of different degrees of importance and giving users the chance to get an 

overview of activities at a glance. Different techniques and mechanisms should be 

provided to support different levels of notification in accordance with the relevance of the 

activity. The user interface serves as a final filter for the awareness information flow: 

ideally, only those events that are actually relevant in a given situation are made visible to 

the user. Following design guidelines are intended to address the presentation of 

information for providing awareness. 

DGPI-1. Consciousness about design alternatives 

During planning, team members need to be aware of the existence of design alternatives. 

Making aware of the existence of alternatives, the first step is to provide them with 

feedback. Planners should be able to perceive in a first view that there are alternative 

solutions related with the planning tasks in which they are working on, and, once 

planners are aware they can access to them for their further analysis. Collaborative 

software systems should provide with icons, signals or highlights the existence of design 

alternatives.  

DGPI-2. Comparison of design alternatives 

While designing, it is common to elaborate different design alternatives and proposals in 

order to take the best solution. The impact of the different design alternatives on the 

emergency needs to be analyzed and evaluated. Planners compare, trade offs, and 

optimize them to finally select the most acceptable alternative. The use of mechanisms 

for comparing alternatives eases the evaluation of related alternatives for making 

decisions. Additionally, the comparison of alternatives allows avoiding overlapping 

problems. Collaborative software systems must allow emergency planers to select and 

overlap alternatives in order to make comparisons among them. Overlapping must 

therefore to provide different visual cues that inform emergency planners of the different 

options.  
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DGPI-3. Access to detailed information of design alternatives 

Alternatives captured should be retrieved with the aim of assessing the space of 

alternatives. Planners should be able to access to the detailed information of each 

alternative. Thus, the set of elements that compound an alternative (routes, resources, 

etc.) should be displayed on an interactive map with the aim of providing a general view 

of the proposal.  Having access to this information should be made individually for each 

alternative, showing all the historical and relevant information of the alternative.  

DGPI-4. Consciousness of associated design rationale  

The underlying rationale of a decision may help to understand the reason of being of a 

design artifact. However not all the rationale must be showed initially, emergency 

planners should be aware just of the existence of it and then decide if access to a more 

detailed view. To make someone aware of the rationale, the first step is to provide 

feedback about the existence of it. Planners should be able to perceive in a first view that 

there is some rationale associated. Once the user is aware of the existence of rationale, the 

user can access to it. Then, the argument or comment itself as well as all the information 

that surrounds it should be displayed. Information about the person who made the 

comment and when, and any additional information that support the comment, may help 

to understand the rationale. In addition, this rationale should be perceptually linked to the 

design artifact or to the element to which is associated.  

DGPI-5. Differentiate rationale presentation based on its characteristics 

The maintenance of design information regarding different timeslots becomes necessary 

to make difference between each other. The presence of visual cues for differentiating 

timeslots allows planners to be aware that design rationale comes from a different time. 

As an example, if design rationale comes from 2011 it could be show smaller than if it 

comes from 2013. This size difference can become planners aware just by seeing them on 

the map that they are from different years.  

GPI-6. Access to participant’s properties 
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When designing, the final design artifact is determined by the decisions made by the 

design team. Since in many occasions decisions implies some individual rationale, 

knowing the properties of the team member who made such contribution may help to 

understand its reason of being. To that end, in design time, planners need to have access 

to the information of the participants. In the particular case of emergency planning, the 

service that belongs, he/she role in the plan, the participant’s background, and the 

participant’s expertise can be essential information to understand the reasoning. This 

information must be linked to the design rationale of the different elements of response 

proposals and alternatives. It is recommended to show an icon that represent the 

participant.  
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5 EVALUATION 

Design disciplines have a long story on building their knowledge base through the 

construction of artifacts; a construction of artifacts led by an imperative or prescriptive 

logic, the search for alternatives, and the evaluation of the constructed design. This 

chapter is concerned with the last of these fundamental aspects: the evaluation. 

Evaluation is commonly defined as a process aimed to determine the worth, merit, or 

significance of an object (Cleven et al., 2009). Since the evaluation criteria and methods 

can considerably vary over the domain of application, a critical challenge in evaluation is 

to define an appropriate evaluation path for a specific design. This chapter describes the 

evaluation path followed for assessing the conceptual framework proposed. To that end, 

the chapter is divided into four sections. Firstly, in order to provide an overview of the 

concept of evaluation, Section 1 provides the review of the concept of evaluation in 

Design Science Research (DSR). Section 2 comprises the evaluation design including the 

objectives of evaluation and the proposed methods and techniques to use. Section 3 is 

focus on the explanation of the different evaluation methods used and their results. 

Finally, Section 4 includes a deep analysis and discussion of results.  

5.1 Evaluation in Design Science Research 

Aforementioned, evaluation is an essential activity in Design Science Research. 

However, there is little work that addresses the choice of strategies and methods. 

Following subsections are oriented to get some knowledge about evaluation before 

moving forward in the design evaluation for this thesis work.  
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5.1.1 Evaluation Strategy 

Discussion of evaluation activities is commonly limited and typically assumes that the 

evaluation occurs after the construction of an artifact. Nevertheless, literature in DSR 

shows that two different approaches can be differentiated regarding the time of 

evaluation: an ex-ante evaluation and an ex-post evaluation (Pries-Heje et al., 2008). Ex-

ante evaluation refers to the evaluation that occurs prior to artifact construction. This 

evaluation is commonly from an economic perspective with the purpose of deciding 

whether or not to acquire or develop a technology, or for the purpose of deciding which 

of several competing technologies should be adopted or acquired. From a DSR 

perspective, ex-ante evaluation provides models for theoretically evaluating a design 

without actually implementing the material system or technology. On the contrary, ex-

post evaluation is the evaluation that takes place after the construction of an artifact. This 

is the most recognized approach in generally speaking about evaluation. The ex-post 

evaluation approach assumes that the evaluation is an empirical process.  

Choosing between ex-ante or ex-post evaluation (or both) in DSR depends on the scope 

of the research. Nevertheless, the framing of evaluation as ex-ante or ex-post can help to 

distinguish between common meanings of design research and design science (see Figure 

5-1). 

 

Figure 5-1. Ex-ante versus ex-post in DSR 



                                                                DOCTORAL THESIS  |  Sara Tena 

 

105 

      

105 

5.1.2 Evaluation Methods 

Regardless of the evaluation strategy applied, different evaluation methods can be used.  

The selection of suitable methods is essential for rigorously evaluating artifacts. 

Evaluation methods must be selected by matching them with the appropriate evaluation 

metrics. Several types of evaluation methods can been differentiated in literature (Cleven 

et al., 2009): 

• Action research. It is defined by Reason and Bradbury (Reason and Bradbury, 

2001) as “a practice for the systematic development of knowing and knowledge”. 

This method seeks to bring together action and reflection, theory and practice, in 

participation with others, in the pursuit of practical solutions to issues of 

pressing concern to people. 

• Case study. It is a research method involving an up-close, in-depth, and detailed 

examination of a subject of study, as well as its related contextual conditions (Yin, 

2003). The goal of case studies is commonly describing or analyzing real world 

phenomena.   

• Field experiment. Like case studies, field experiments are also carried out in real 

world surroundings. The difference remains in the capability of controlling some 

attribute of the surroundings, with the goal of observing and gathering the 

influence of the manipulated attribute on the results. Such settings for studying 

phenomena would not be easily replicated in a laboratory setting (Siau and Rossi, 

2011). 

• Controlled experiment. A controlled experiment is a type of experiment where 

conditions are determined by the researchers. The main goal of controlled 

experiments is to test how a factor influences in controlled settings. This method 

is commonly used to compare a control group with an experimental group under 

similar variables apart from the factor of study (Siau and Rossi, 2011). So, the 

effect or influence of that factor can be identified or determined.  
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• Prototype. A prototype is an early sample, model or release of a product built to 

test a concept or process or to act as a thing to be replicated or learned from. An 

evaluation based on a prototype facilitates the assessment of a solution’s 

suitability (March and Storey, 2008). It is considered an appropriate evaluation 

method for Design Science Research artifacts.  

• Survey. It is a method for collecting quantitative information about items in a 

population. Survey data collection techniques such as questionnaires are used to 

collect information (Siau and Rossi, 2011). 

5.1.3 Evaluation Process 

As seen, there are a great variety of methods and techniques for evaluating; therefore, 

there is not a unique form of evaluating. The evaluation of a solution depends not only on 

the context where the research work has been carried out, but also on the solution 

proposed (Hevner et al., 2004; Cleven et al., 2009). However, it is possible to identify a 

number of common tasks to all research work evaluation. In general, and independently 

of the nature of the solution evaluated, you can set the following sequence of steps as 

necessary for proper evaluation (Rogers et al., 2011): 

(i) Determine the goals. Well-planned evaluations are driven by goals. Goals guide 

the evaluation by helping to determine its scope. Thus, identifying what these 

goals are is the first step in planning an evaluation.  

(ii) Explore the questions. In order to make goals operational, it is important to 

articulate the questions to be answered by the evaluation study. These questions 

help to determine the kind of evaluation methods to use. And, the way in which 

questions are stated will vary depending on the stage of the evaluated solution. 

(iii)  Choose the evaluation methods. Having identified the goals and articulated the 

questions, the next step is to choose the evaluation methods. The choice of the 

methods will depend on which data is needed to answer the questions, and which 

theories or frameworks are appropriated for the context. Sometimes, combinations 

of methods are used as they enabled richer data to be gathered.  
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(iv)  Identify practical issues. There are often practical issues to consider when 

conducting an evaluation, and it is helpful to know in advance what these are. 

Among them we can consider: participants (users, subject matter experts, design 

experts, etc), facilities and equipment, schedule and budget constraints, expertise, 

etc. After identifying these practical issues is strongly recommended to do a pilot 

study to identify any problem that can be rectified.  

(v) Decide how to deal with the ethical issues. When collecting data during an 

evaluation, it is necessary to consider ethical issues. It is important to protect 

humans who participate in studies. As an example, participants’ privacy has to be 

protected.   

(vi)  Evaluate, analyze, interpret and present the data. Decisions have to be made 

about what data is needed to answer the study questions, how the data will be 

analyzed, and how the findings will be presented.  

The concretion of each of these steps is performed by the elaboration of an evaluation 

plan. 

5.2 Evaluation Plan 

Based on previous review, this section presents the evaluation plan. The evaluation plan 

determines the goals, questions and methods to use in the execution of the evaluation. 

The strategy followed in this research work is based on an ex-post evaluation. 

Aforementioned, an ex-post evaluation consists on performing the evaluation after the 

construction of the artifact. The purpose of this type of evaluation is to assess whether the 

proposed solution is valid and meets the objectives of the research work. The succeeding 

sections compile the goals and the evaluation design (questions and methods) to fulfill 

such goals. 

 



                                                                DOCTORAL THESIS  |  Sara Tena 

 

108 

      

108 

5.2.1 Evaluation Goals 

The main goal of the evaluation phase in this research work is to: 

“Test whether the proposed solution leads the design of collaborative software 

systems that allow planners to construct the design story of emergency plans“ 

The achievement of this goal entails to assess the subsequent evaluation goals (EG): 

• EG 1 - The conceptual framework is well constructed. That means, the conceptual 

framework contains the minimum elements needed to design collaborative 

software systems and such elements are correctly created and related.  

• EG 2 – By using the conceptual framework as a reference, a collaborative 

software system for the emergency-planning domain can be designed. The 

conceptual framework has been conceived to lead the design of collaborative 

software systems. Accordingly, it is mandatory to prove that software designers 

can use the framework as a reference to design a collaborative software system. In 

addition, the resulting collaborative software system must be usable.  

• EG 3 - A collaborative software system that has been designed by using the 

conceptual framework that allows constructing the design story of emergency 

plans. The final purpose of the framework is to help planners to construct the 

design story of emergency plans. Thus, the collaborative software technology 

must serve as a mean for achieving continuity in emergency planning through the 

design story of emergency plans. 

5.2.2 Evaluation Path 

The accomplishment of the evaluation goals relies on the articulation of the questions to 

be answered by the evaluation. These questions will guide the selection of the suitable 

evaluation method in each particular case. The selection of the evaluation methods will 

depend on which data is needed to answer the questions.  
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Measuring the evaluation goal 1: The conceptual framework is well constructed 

For measuring whether the conceptual framework is well constructed, it is important to 

test the quality of the solution. Such quality involves answering the following questions: 

• Are the requirements correct for designing a collaborative software system in the 

context of emergency planning? 

• Is the information model well constructed? Are the entities and relations of such 

entities correct? 

• Are design guidelines understandable for doing the design of collaborative 

software systems? 

Since the conceptual framework has been conceived to guide the activity of interactive 

system designers, the collected data needed to answer the above questions must be 

obtained from experts in the domain of interactive design and software design. In 

addition, as the conceptual framework has been designed for its application in the domain 

of emergency planning, emergency-planning experts must be considered as well. Based 

on these constraints, it has been considered a survey as the appropriate evaluation 

method to answer the above questions. Experts in the domain of emergency planning and 

software design must complete this survey.  

Measuring the evaluation goal 2: A collaborative software system for the 

emergency-planning domain can be designed by using the conceptual framework as 

a reference 

The second evaluation goal set the need of testing whether de proposed framework could 

be used as a guide to design a collaborative technology for the emergency-planning 

domain. The accomplishment of this evaluation goal relies on the following questions:  

• Are requirements useful to guide the design and development of a collaborative 

software system for emergency planning? 

• Is the information model useful to guide the design and development of a 

collaborative software system for emergency planning? 
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• Are design guidelines useful to guide the design and development of a 

collaborative software system for emergency planning? 

• How easy is to use the software prototype? Is the software prototype user-

friendly? 

Aforementioned, a prototype is an early sample, model or release of a product built to test 

a concept or process or to act as a thing to be replicated or learned from. Thus, the design 

of a software prototype created by using the conceptual framework as basis will serve to 

test the suitability of the solution and answering the above questions. In addition, to test 

the easy of use of the prototype for planning a usability evaluation (survey) must be 

performed. 

Measuring the evaluation goal 3: A collaborative software system that has been 

designed by using the conceptual framework that allows constructing the design 

story of emergency plans 

The last but not least evaluation goal is intended to demonstrate that a collaborative 

technology created by using the proposed conceptual framework can be used to construct 

the story of the performance of emergency planning meetings and, consequently, achieve 

a sense of continuity during the emergency-planning process. The measure of such a goal 

involves the use of the software prototype to answer to the following questions:  

• Does the software prototype provide enough information to users to construct the 

story of how emergency planning meetings have been performed?  

o Does the collaborative software system capture information during 

emergency planning meetings? 

o Are people able to get information about previous planning meetings? 

o Are people able to construct the story of how an emergency plan was 

developed in a previous planning meeting? 

Answering these questions requires the use of the software prototype created from the 

conceptual framework for measuring the capacity to meet its intended purpose. In this 
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case, the answer of the questions will come from the application a controlled 

experiment to test the capability of the technology to be used as a mean for constructing 

the story of emergency-planning meetings. 

5.3 Evaluation Execution 

This section compiles the execution of the evaluation path predefined in the previous 

section. Information regarding the design, execution and results from each of the 

evaluation methods used to test the proposed solution is intended to demonstrate the 

validity of the conceptual framework. 

5.3.1 Experts Survey 

Design and execution 

Experts survey method is intended to compile domain experts’ opinion regarding the 

proposed framework. For the execution of the expert evaluation two different kind of 

experts were selected: experts from the domain of emergency planning and experts from 

the domain of software design. Emergency-planning-domain experts were selected with 

the aim of testing if the proposed conceptual framework meets the characteristics of the 

emergency-planning domain (the main tasks and the essential information). The profile of 

participants must have an average of 3.5 years of experience in the domain of emergency 

management. Otherwise, software-design-domain experts were selected with the aim of 

testing if the proposed framework could be used –from their experience- as basis for 

designing a collaborative software system. In this case, the profile of participants must 

have an average of 5 years of experience in software-design domain. Since two different 

kinds of experts were selected with a singular goal, two different questionnaires were 

designed and used in the evaluation; a different one for each group of domain experts. 

The questionnaire designed for emergency-planning-domain experts compiled a total of 

13 questions. These questions were designed to compile the opinion of experts regarding 

the main tasks performed during the emergency planning process, and relevant 
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information needed and used during the two phases of the emergency planning process: 

the definition of emergency plans and the review of such plans. Table 5-1 shows the full 

questionnaire (also can be seen in Annex z). Except open questions, the rest of them were 

designed to be completed through a Likert-scale. The first block of question responses 

must indicate if subjects agree or not with the sentences, while others are focus on 

collecting the level of relevance of the information for the particular task. To decrease the 

possible effects of an agreement or a disagreement response bias, some of them were 

worded in the negative direction (so the disagreement to such items represents a positive 

attitude). 

 

Q1. Taking as reference your experience in the definition of emergency plans, answer the following 

sentences about the main tasks of the emergency planning process:  

• The final aim of the emergency planning process is the definition of response actions to face 

an emergency situation 

• The emergency planning process requires of the previous identification of potential risks 

• The definition of suitable planning responses requires the examination of different response 

proposals for facing an emergency situation 

• It is possible to define an emergency plan without establishing the response actions to an 

emergency situation 

• Exploring different response alternatives to an emergency situation is a lost of time 

•  It is unusual to explore response alternatives to an emergency situation during the 

emergency-planning process 

• The correct definition of response actions requires the allocation of resources 

• The correct creation of response actions involves the definition of a set of emergency 

planning tasks to cover during the response 

• The correct definition of response actions to an emergency situation is based on previous 

response actions information 
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• Knowing past facts about response actions is not relevant for defining present response 

actions 

• Knowing the associated rationale of past decisions is not relevant for defining present 

response actions 

Q2. Indicate any essential issue that you consider that is relevant to consider in the emergency 

planning process and that has not been listed previously 

It is relevant to have the following information when you are DEFINING an emergency plan: 

Q3. Information related with the emergency plan:  

• The goal of the emergency plan 

• Risks to cover 

• Available resources 

• Services involved in the process 

• Tasks  

It is relevant to have the following information when you are DEFINING an emergency plan: 

Q4. Information related to the emergency-planning team: 

• Services involved in the process 

• Participant within every meeting 

• Background of participants 

• Planning experience of participants 

It is relevant to have the following information when you are DEFINING an emergency plan: 

Q5. Information related to the context of planning: 

• Period of application of the plan 

• Current laws that can influence in the emergency-plan 

• Environment  

It is relevant to have the following information when you are DEFINING an emergency plan: 

Q6. Information related to the emergency-planning process developed: 

• Meeting already held 

• People who was part of the planning team at each meeting 
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• Decisions already taken in previous meetings 

It is relevant to have the following information when you are DEFINING an emergency plan: 

Q7. Information related to planning decisions: 

• Reasoning associated to a planning decision 

• People that make such reasoning 

It is relevant to have the following information when you are REVIEWING an emergency plan: 

Q8. Information related with the emergency plan:  

• The goal of the emergency plan 

• Risks to cover 

• Available resources 

• Services involved in the process 

• Tasks  

It is relevant to have the following information when you are REVIEWING an emergency plan: 

Q9. Information related to the emergency-planning team: 

• Services involved in the process 

• Participant within every meeting 

• Background of participants 

Planning experience of participants 

It is relevant to have the following information when you are REVIEWING an emergency plan: 

Q10. Information related to the context of planning: 

• Period of application of the plan 

• Current laws that can influence in the emergency-plan 

• Environment  

It is relevant to have the following information when you are REVIEWING an emergency plan: 

Q11. Information related to the emergency-planning process developed: 

• Meeting already held 

• People who was part of the planning team at each meeting 

• Decisions already taken in previous meetings 
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It is relevant to have the following information when you are REVIEWING an emergency plan: 

Q12. Information related to planning decisions: 

• Reasoning associated to a planning decision 

• People that make such reasoning 

Q13. Indicate whether there are any relevant information for getting an overview of the emergency 

planning process that have not been listed before. 

Tabla 5-1. Emergency-planning-domain experts's survey 

The questionnaire designed for the software-design-domain experts compiled a total of 18 

questions. These questions were oriented to test two issues of the conceptual framework: 

(1) the understandability of the information model as a basis for design; and (2) the 

understandability of the design guidelines. For this last, experts were required to make a 

matching task with the meaning of design guideline and the identifier of it and to respond 

to closed questions about clarity, overlapping and the level of detail. Additionally, open 

questions were made for collecting comments and suggestions from the participants about 

the guidelines. Table 5-2 shows the full questionnaire. 

 

Q1. For the design of an emergency-planning tool, do you think that these functionalities are 

relevant:  

• Assisting the main activities of the emergency-planning process 

• Capturing the information from the emergency-planning process 

• Presenting information from the emergency-planning process 

Q2. Answer to the following statements about the emergency planning category: 

• Design guidelines defined under the emergency planning category are clearly 
defined 

• There are guidelines under the emergency planning category that are overlapped or 
repeated 

• There are guidelines under the emergency planning category that are not relevant 

• The level of detail provided by the design guidelines under the emergency planning 
category is suitable to design an emergency-planning tool 
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Q3. Express your opinion about the guidelines under the emergency planning category (open 

question) 

Q4. Answer to the following statements about the capturing information category: 

• Design guidelines defined under the capturing information category are clearly 
defined 

• There are guidelines under the capturing information category that are overlapped or 
repeated 

• There are guidelines under the capturing information category that are not relevant 

• The level of detail provided by the design guidelines under the capturing 
information category is suitable to design an emergency-planning tool 

Q5. Express your opinion about the guidelines under the capturing information category (open 

question) 

Q6. Answer to the following statements about the presenting information category: 

• Design guidelines defined under the presenting information category are clearly 
defined 

• There are guidelines under the presenting information category that are overlapped 
or repeated 

• There are guidelines under the presenting information category that are not relevant 

• The level of detail provided by the design guidelines under the presenting 
information category is suitable to design an emergency-planning tool 

Q7. Express your opinion about the guidelines under the presenting information category (open 

question) 

Q8. There are design guidelines that overlap among the different categories 

Q9. The elements of the conceptual framework are correctly defined 

Q10. The elements of the conceptual framework are correctly related among them 

Q11. The conceptual framework will be useful for designing an emergency planning tool 

Tabla 5-2. Software-design-domain experts's survey 

The two questionnaires (that can be seen at Anex IV) were included in a website with the 

aim of easing their fulfillment. The website (https://expertsevaluation.wordpress.com/) 
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was intended to put in context to the participants by mean of a description of the 

proposed solution and the access to the corresponding questionnaire. The use of a website 

for completing the questionnaires allows participants to answer it at any time, without 

any time pressure. Figure 5-2 shows a snapshot of the website that contained the 

contextualization of the work and the designed questionnaires. 

  

Figure 5-2. Evaluation's website 

Results 

A total of five responses were collected from the emergency-planning-domain experts. 

Regarding the first block of questions related to the main tasks of the emergency planning 

process and, consequently, the minimum requirements that a collaborative software 

system must comply, the responses of experts show that all the considered requirements 

are correct. Standard deviation of responses is in most of responses under 0,5. Just 

question 1 has a standard deviation over 0,5. In this case the expert indicated in the open 

question that was just a matter of the way of framing the sentence.  No further comments 

about the need of additional tasks to consider were made in the open question.  
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Figure 5-3. Responses about the set of requirements 

Regarding the second block of questions related to the relevance of the information 

represented in the information model, experts agree that in both cases -definition and 

review of the plan- the information have approximately the same relevance for getting an 

overview of the design of the emergency plan. The information that emergency-planning 

experts found less relevant is the number of meetings for both cases. Following images 

shows the results of the questions.  

Definition of the plan 

 

Figure 5-4. Definition - Information related to the emergency plan 
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Figure 5-5. Definition - Information related to the emergency-planning team 

 

Figure 5-6. Definition - Information related to the context of planning 

 

Figure 5-7. Definition - Information related to the emergency planning meetings 

 

Figure 5-8. Definition - Information related to design decisions 
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Review of the plan 

 

Figure 5-9. Review - Information related to the emergency plan 

 

Figure 5-10. Review - Information related to the emergency-planning team 

 

Figure 5-11. Review - Information related to the context of planning 

 

Figure 5-12. Review - Information related to the emergency planning meetings 
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Figure 5-13. Review - Information related to design decisions 

From the software-design-domain experts, a total of ten responses were collected. 

Regarding the understandability and construction of the information model, as Figure 5-

14 shows, software-design-domain experts consider is generally speaking well 

constructed. Nonetheless, small problems were found with the name of some entities, 

what is demonstrated by the standard deviation of the fourth item (0.88).  

 

Figure 5-14. Understandability and contruction of the information model 

Regarding the design guidelines, an 80% of participants made a right matching of the 

description of the guideline with its identifier. Nonetheless, some of them found problems 

to find differences between some of them, such as the guideline “DGEP1- Assisting role-

based” and the “DGPI-6 – Access to participant’s properties”.  On the other hand, the 

results obtained about the clarity, overlapping and detail of the design guidelines, 

participants found them in general clear, with a good level of detail for guiding the design 

and without overlapping among them (see Figure 5-15 to 5-17).  Just one of the 

participants found two of them pretty similar.  
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Figure 5-15. Questions of the emergency-planning category 

 

Figure 5-16. Questions of the capture category 

 

Figure 5-17. Questions of the capture category 

In addition, experts considered that guidelines do not overlap among categories.  
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Summary 

The results of the experts evaluation allow to determine that the conceptual framework is 

considered by experts as well constructed. Nevertheless, small changes will be made in 

the name of relations and entities, the name of some design guidelines and the 

explanation of some of them avoiding mistakes. Additionally, design guidelines will be 

reorganized to be easily understandable.  

5.3.2 Software prototype 

Due to the complexity of the conceptual framework, a proof of concept has been 

developed with the aim of testing the utility of the framework; that means, testing 

whether de proposed framework could be used as a guide to design a collaborative 

software system for the emergency-planning domain. With such an aim, as part of TIPEx 

project, a research project whose main goal is studying the use of technology for the 

whole emergency-planning process, a vertical software prototype was designed and 

developed. The software prototype, according to the thesis work, is focused on the 

support of face-to-face emergency-planning meetings. The software prototype, called 

TIPExtop, supports the collaboration of the emergency-planning team through the use of 

an interactive surface with geo-collaborative tools. The design and development of the 

prototype was carried out by 4 software designers and developers with an average of 2 

years of experience in design and software development. The succeeding sections show 

how each of the three elements -requirements, information model and guidelines- of the 

conceptual framework has been applied for designing the tool. 

Before designing a collaborative tool for planning, it is needed that designers have some 

information about the context. Thus, before using the conceptual framework, designers 

were instructed about what is the emergency-planning process. Designers received 3 

sessions in which they were provided with information related to the process. Among 

such information they got knowledge about the way the emergency planning process 

takes place, its main characteristics, and some issues that commonly arise during an 

emergency planning process.  
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Using the requirements  

After acquiring an overview about the emergency-planning process, software designers 

were provided with the high level requirements defined in the conceptual framework (see 

Section 4.1.1).  The seven predefined requirements were used by designers as a basis for 

determining more specific requirements such as software requirements.  

In the following example, it can be seen how one high-level requirement of the 

framework can be decomposed into different specific requirements for the development 

of the collaborative technology. For instance, the use of the sixth (F6) requirement 

“Supporting the communication of the reason of being of decisions over time”, designers 

defined three specific software requirements.  

Requirement F6 established that:  

(F6) – Supporting the communication of the reason of being of 

decisions over time 

The more challenging defiance is the communication of design 

information between planners during the emergency-planning process. By 

making available design information to others affected to the design 

provide planners both, insight into the design of the plan and the 

opportunity to provide their perspective into the process.  The access to 

the reason of being of the decisions taken over time can help the planning 

team to understand why some issues were solved in a specific manner. 

Additionally, communication of design information can also provide an 

efficient way to detect conflicts in the work of multiple designers and 

shorten the review cycle. 

This requirement provided to designers’ awareness about the need of supporting in the 

collaborative technology the communication of the underlying reasoning associated to 

decisions. With such awareness, designers decided to define four functional 

requirements:  
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Req# Type Requirement Priority Date Reviewed 

FR_17 Functional The system should provide tools for 
capturing an explanation of the basis or 
fundamental reasons for something. 

1 
 

19 Jan 2013 

FR_18 Functional The system should handle the creation, 
modification, and erasure of the reasoning. 

2 19 Jan 2013 

FR_19 Functional The system should allow associate the 
rationale to different elements or issues 
already defined by users. 

2 21 Jan 2013 

FR_20 Functional The system should allow the user to include 
a free explanation of the reasoning without 
restrictions.  

3 19 Jan 2013 

Using the information model  

The information model defined in the conceptual framework served designers to 

determine what information must be essentially managed in the collaborative tool. Thus, 

designers used the information model to design the database for the tool. Taking as basis 

the information model designers worked on defining the tables and relations needed for 

managing all the information.  

What designers realized by using the information model was that some entities defined on 

it must be translated into multiple tables of information and relationships. As the 

following example shows (see Figure 5-3), the entity Comment was translated into four 

different tables  (Comment, PathComment, TaskComment and ResourceComment). 
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Tabla 5-3. Application of the information model 

As a result, the information model was transformed into an entity-relationship model that 

contains a total of 26 tables and 15 relationships.  

Using the guidelines 

To specify the design of the interface and make more concrete some specifications that 

came from the requirements and the information model, developers used the third 

element of the conceptual framework: the guidelines. Essentially, guidelines provide 

developers with information about how to capture some of the information of the 

database and how such information must be presented to the users.  

As an example, as consequence of the application of Guideline DDCI-3: “Uses of design-

rationale capture mechanisms that do not disrupt the activity” that established:  

 “The use of digital annotated designs will allow capturing the reasoning of 

planning in a semi-structured way (Carroll and Moran, 1991), integrating 

the argumentation within the design artifact. Additionally, with the aim of 

easing the capture of annotations, the use of reconnaissance voice 

mechanisms could be very useful.” 
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Designers and developers decided to translate the guideline in the collaborative 

technology into a design rationale tool that provides two different ways of capturing 

the rationale: by means of the keyboard or by means of a microphone. 

 

DDCI-3 Uses of design-rationale capture mechanisms that do not disrupt the activity 

 

Figure 5-18. Rationale capture tool 

Similarly, the application of Guideline DDPI-5:  “Differentiate rationale presentation 

based on its characteristics” regarded the representation of the rationale in the tool, lead 

to designers and developers to make use of different representation techniques for the 

associated rationale. The guideline established that:  

“The maintenance of design information regarding different timeslots 

becomes necessary to make difference between each other. The presence of 

visual cues for differentiating timeslots allows planners to be aware that 

design rationale comes from a different time. As an example, if design 

rationale comes from 2011 it could be show smaller than if it comes from 

2013. This size difference can become planners aware just by seeing them 

on the map that they are from different years.”  



                                                                DOCTORAL THESIS  |  Sara Tena 

 

128 

      

128 

This guideline can be reflected in the tool by different size icons that represent 

annotations in the map. Speech bubbles have a different size depending on the date of 

creation. If annotation was created in the previous year, the icon will be smaller than an 

annotation created in the current year.  

DDPI-5 Differentiate rationale presentation based on its characteristics 

[Figure here] 

In addition, designers and developers decided to use different representations to 

differentiate the variety of comments associated to different elements: task, alternative 

and elements. As Figure Z shows, annotations associated to the task are represented by a 

speech bubble, those that are associated to the alternative are represented by a post-it, and 

annotations associated to elements such as routes or resources are showed to the user by a 

small bubble included into the representation of the element.  

[Figure here] 

Finally, as a result of the design process a collaborative technology (vertical prototype) 

used as a proof of concept was obtained. Such tool called, TIPExtop, is a geo-

collaborative tool designed to be used in co-located meetings. So, the tool has been 

designed to be deployed into an horizontal interactive surface where emergency planners 

can be positioned around the table. This kind of positioning allows easing collaboration, 

interaction among users, and discussion.  

Summary 

In short, TIPExtop compiles a set of functionalities that allows emergency planners to 

define an emergency plan. It provides a geographical map where emergency planners can 

allocate resources, draw emergency evacuation routes and define response actions. In 

addition, TIPExtop have a set of tools that allow planners to leave in the tool relevant 

information about the underlying reasoning associated to decisions taken about how 

facing the emergency situation response. In this way, emergency planners can leave 

relevant information about the plan and, at the same time, access to such relevant 

information captured from previous planning meetings.  
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5.3.3 Usability Evaluation 

With the aim of testing the easy of use of the prototype (TIPExtop), an usability 

evaluation was conducted. Usability evaluation focuses on how well users can learn and 

use a product to achieve a set of goals. It also refers to how satisfied users are with the 

use of the product.  

Design and execution 

A total of 9 subjects (undergraduate and graduate students in Computer Science) with 

high local area knowledge, especially on local geographical details participate in the 

evaluation. Participants were asked to assume the role of emergency-management experts 

planning the local festival of city populated by 200,000 people. For the evaluation, the 

design team stored information in the system; that is, the objectives of the plan and 

fictional planning meetings among local first responders. The participants were randomly 

divided into three teams of three members and given a short explanation of the 

experiment, the description of the scenario, and fictional information about the scenario. 

Figure 5-19 shows each team using the features of TIPExtop to define an evacuation 

route; they considered both the rationale indicated in the annotations and the system’s 

existing knowledge about the local area. Each team was allotted around an hour to 

complete the experiment. The first 15 minutes were spent explaining to the participants 

the main functionalities of the tools and the tasks that require completion. During the next 

30 minutes, the participants collaboratively defined the evacuation plan and made 

corresponding annotations. Finally, the teams spent the rest of the time filling in the 

usability questionnaire and other questions about the functionality of the system. 
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                                      Figure 5-19. Participants using TIPExtop 

The opinions of the participants about the usability of the tool were collected using the 

System Usability Scale (SUS) (Brooke, 1986), which is a 10-item scale that provides an 

overview of subjective assessments of usability. SUS is used after a respondent has had 

an opportunity to use the system being evaluated but before any debriefing or discussion 

takes place. This usability questionnaire was extended to include seven closed-ended 

questions about the utility of TIPExtop in terms of interactions with geospatial 

information and capturing rationale. A five-point Likert scale was used by the 

participants to rate utility. To avoid “bias for acceptance” regarding the usefulness of the 

system, the questions were phrased in affirmative and negative statements (marked with 

an asterisk). Table 5-1 shows the formulation of these additional questions. 
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-Questions with a (*) mean that the question was posed negatively- 

Q1. I thought creating alternatives using the tool was easy 

*Q2. I found that staging resources using the tool was cumbersome  

Q3. I think that sharing comments, ideas, and reflections using the tool encourage participation 

*Q4. I experienced information overload using the tool  

*Q5. I think that working with multi-layer information is confusing  

Q6. I think that accessing previous annotations encourage mutual understanding 

*Q7. I thought annotating on map was difficult  

Table 5-1. Functionality questionnaire: Questions and central tendency of the 
participants 

Results 

Once finished the experiment, results from the SUS questionnaire and the additional one 

were collected. SUS scores have a range of 0 to 100. To calculate the SUS score, first I 

have to sum the score contributions from each item. Each item's score contribution will 

range from 0 to 4. For items 1,3,5,7, and 9 the score contribution is the scale position 

minus 1. For items 2,4,6,8, and 10 the contribution is 5 minus the scale position. After 

that, I multiplied the sum of the scores by 2.5 to obtain the overall value of SUS. As 

shown in Table 5-2, the scores of the participants in the SUS questionnaire are higher 

than 67 (out of 100), with the average being nearly 76. 
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Group 1 

Participant Q1 Q2* Q3 Q4* Q5 Q6* Q7 Q8* Q9 Q10* Score 

1 5 2 5 2 4 2 5 1 4 1 87.5 

2 4 2 4 2 5 1 4 2 5 1 85 

3 4 2 4 2 4 3 4 2 4 2 72,5 

Group 2 

Participant Q1 Q2* Q3 Q4* Q5 Q6* Q7 Q8* Q9 Q10* Score 

1 4 1 4 2 4 4 5 1 4 2 77,5 

2 3 1 4 2 5 2 4 2 4 2 77,5 

3 4 2 4 1 3 2 3 2 4 1 75 

Group 3 

Participant Q1 Q2* Q3 Q

4* 

Q5 Q6* Q7 Q8* Q9 Q10* Score 

1 3 2 4 4 4 1 5 2 4 2 72,5 

2 4 2 4 3 4 2 4 1 4 2 75 

3 5 2 4 2 4 2 5 3 5 5 72,5 

Table 5-2. Usability questionnaire: Results and final score of each participant 

 

Wo10Results of the additional close questions are listed in Table 5-3, which sows an 

average over 3 in positive questions, and fewer than 2 in negative questions.  

 

# Question Median Average 

Q1. I thought creating alternatives using the tool was easy 4 3.77 

Q2. I found that staging resources using the tool was cumbersome * 1 1.55 

Q3. I think that sharing comments, ideas, and reflections using the tool 

encourage participation 

4 4.2 

Q4. I experienced information overload using the tool * 2 1.77 
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Q5. I think that working with multi-layer information is confusing * 2 2.33 

Q6. I think that accessing previous annotations encourage mutual 

understanding 

4 3.66 

Q7. I thought annotating on map was difficult * 2 1.6 

Table 5-3. Additional closed questions results 

Summary 

The first block of questions related to the usability of TIPExtop tool contains results over 

72, what allows considering the prototype as an usable tool for supporting emergency 

planning. Similarly, the completion of the second block of questions regarding the 

interactions shows that participants consider the tool as usable too. Nevertheless, as 

question 5 indicates, there is still room for improvement in the tool for overlapping layers 

and comparing alternatives.  The results of the questionnaire shows that participants 

found confusing the use of the multi-layer tool in some cases. 

5.3.4 Controlled Experiment 

Design and execution 

For testing the capability of the software prototype to be used as a mean for constructing 

the story of emergency-planning meetings, a controlled experiment was carried out. The 

controlled experiment was designed to reproduce some of the issues observed during the 

field study developed on the emergency planning practice. Such issues are: (i) the 

extension of the emergency planning process over time; (ii) an existing time gap between 

planning meetings; and (iii) the turn over of personnel. Accordingly to such issues, the 

experiment was designed as a 3x3 matrix. Three different situations from a local festivity 

were selected: the running of bulls, the fairground, and the opening speech. For each of 

this situation, teams of three people have to develop three different sessions with different 

planning tasks based on a set of instructions. The instructions that teams received are 

included in Anex V.  The existing time gap between the planning meetings was 15 days 

between meeting 1 and 2, and one month between meeting 2 and 3. This last time gap 
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(between 2 and 3) was in summer with the aim of reproducing the lost of information 

between meetings.  

In each of the situations, a different turn over of personnel was intended to be reproduced. 

In the running of bulls situation, the planning team changed over time but always there 

was a person that was been in a previous meeting. In the fairground situation, the 

planning team changed completely. That means, that participants in meeting 1, 2 and 3 

were always different. Finally, in the opening speech situation along the three sessions 

always there was a person that attended to the three sessions.  (See Table 5-4 for more 

detail about the combinatory of participants and sessions). 

*Pn represent the identifier of the participant 

                 Session 
 
Situation 
 

1 2 3 

Running of Bulls 
One subject repeats in one 

meeting 

P1,P2,P3 P3, P4, P9 P2, P5, P10 

Fairground 
All subjects different 

P4, P5, P6 P2, P10, P7 P1, P3, P9 

Opening Speech 
One subject in the 3 

sessions 

P7, P8, P9 P8, P5, P1 P8, P6, P4  
 

Table 5-4. Combinatory of participants and sessions 

During each session, participants were provided with some instructions to develop 

emergency planning tasks (see Annex V). Such instructions were designed to induce to 

participants to use previous planning information. Except in the first session, before 

starting the planning task, participants were asked to review what was made in the 

previous session and to write a description about what they got from the review. Such 

description must include information about: the plan, the situation they are working on, 

the number of participants and their role, some of the main decisions undertaken in the 

previous meeting, and the number of response alternatives defined in the previous 

meeting.  For doing that, participants have to use TIPExtop. 

All along the experiment, participants were video and audio recorded (for what they sign 

a consent form -included in Anex z-). Additionally, using a screen recorder tool 
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everything that they did in the tool was captured. All these data was collected for its 

further analysis.  

Results 

In order to measure the validity of the software prototype to be used as a mean for 

constructing the story of how previous emergency planning meetings have been 

performed, the information captured in the planning tool was compared with the 

description that participants made in the questionnaire after the review. The comparison 

has been made by each of the three different situations: the running of bulls, the 

fairground and the opening speech. For the comparison a codification of the information 

contained in the description was performed. The information was coded based on 

information related to: (1) the emergency plan in which participants are working on, (2) 

the situation they are solving, (3) the participants of the planning meeting, (4) the main 

decisions taken as response actions, and (5) the number of alternatives explored during 

the planning meeting. The comparison of each of these pieces of information will be 

showed in summary tables with a “y” (yes) in case participants were able to describe such 

information regarding the previous meeting, and with a “n” (naught) if they were not able 

to tell such information. A naught (n) will be assigned if the information is not exactly the 

same, if it is not complete, and if the participant cannot recall it.  

Running of bulls 

Table x shows what information users were able to describe about the previous meetings 

in the running of bull situation. In the running of bull situation, in each session there was 

one participant that attended to one previous meeting. Particularly, Participant 3 and 

Participant 2 attended to Session 1. Then, Participant 3 attended to Session 2, but not to 

Session 3; and Participant 2 attended to Session 3, but not to Session 2.  

 Participant 3 (P3) Participant 4 (P4) Participant 9 (P9) 

Info (1) (2) (3) (4) (5) (1) (2) (3) (4) (5) (1) (2) (3) (4) (5) 
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Session 2 y y n y y y y n y y y y n y n 

 Participant 2 (P2) Participant 5 (P5) Participant 10 (P10) 

Info (1) (2) (3) (4) (5) (1) (2) (3) (4) (5) (1) (2) (3) (4) (5) 

Session 3 y y n y y y y n n y y y n y y 

As the table shows that participants were able to provide a description of most of the 

information about the previous meeting.  All participants had problems for telling which 

were the participants of the previous meetings and just one of the participants (P5) had 

some problems to make a complete description of the main decisions that were made in 

Session 2.  

Fairground 

Table x shows what information users were able to describe about the previous meetings 

in the fairground situation. In this particular case, any participant attended to any previous 

planning meeting. Thus, participants are different along the three sessions. 

 Participant 2 (P2) Participant 10 (P10) Participant 7 (P7) 

Info (1) (2) (3) (4) (5) (1) (2) (3) (4) (5) (1) (2) (3) (4) (5) 

Session 2 n y n y n n y n y n y y n y n 

 Participant 1 (P1) Participant 3 (P3) Participant 9 (P9) 

Info (1) (2) (3) (4) (5) (1) (2) (3) (4) (5) (1) (2) (3) (4) (5) 

Session 3 n y n y n n y n y y y y n y y 

The table shows how in this situation participants found more problems to tell how many 

alternative situations were explored in previous session. Nevertheless, most of 
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participants expressed that they did not pay attention to such issue or that they don’t 

remember. Thus, it can be considered that they have an overview of the previous 

sessions. In addition, similarly to the running of bulls situation, participants had problems 

to tell which were the participants of the previous session.  

Opening speech 

Table x shows what information users were able to describe about the previous meetings 

in the opening speech situation. In this situation, one participant attended to the three 

previous sessions: Participant 8. 

 Participant 8 (P2) Participant 5 (P10) Participant 7 (P7) 

Info (1) (2) (3) (4) (5) (1) (2) (3) (4) (5) (1) (2) (3) (4) (5) 

Session 2 y y n y y  n y n  y y n y n y y 

 Participant 8 (P8) Participant 5 (P5) Participant 10 (P10) 

Info (1) (2) (3) (4) (5) (1) (2) (3) (4) (5) (1) (2) (3) (4) (5) 

Session 3 y y n y y  y y n y y y y y y y 

In Table x can be seen how participants are able to provide an overview of what 

happened in previous planning meetings. As in the two previous situations, they found 

problems to tell what people attended to the previous meeting.  

The summary tables that compiles the information that participants were able to tell about 

the previous meetings show that independently on the kind of turn over of personnel 

reproduced in the situations and the time gap, by using the software prototype 

participants are able to get an overview of what was made in previous meetings even if 

they do not attend to the previous ones. The main difference between the different 

situations reproduced about the turnover of personnel is in the descriptions. The level of 

detail in situation 1 (running of bulls) and 3 (opening speech) where there was one person 
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who attended to a previous meeting is higher than in situation 2 (fairground) where 

participants were always different. Nevertheless, the level of detail of descriptions cannot 

be considered as a measurement instrument isolated. The level of detail offered in 

descriptions could vary not only because of the quantity or quality of the information, but 

also because of personal characteristics. There are people who tend to write more concise 

sentences than others. The interest in the development of the experiment could be another 

factor. Nevertheless, as was obvious, those descriptions with a mayor level of detail were 

commonly from participants who repeated in a session and those that were more aware of 

the usefulness of leaving comments. As an example, we can see here the difference 

between what was considered a detailed description and a short one during the analysis.  

Short description 

“Definition of an evacuation route for an ambulance, allocation of resources and 

definition of save areas.” 

Detailed description 

 “In the previous planning three safe evacuation areas were defined in the north, 

south and west. Besides, the police and a couple of ambulances were distributed 

in the area. Additionally an evacuation route to be followed by an ambulance, 

was established (a southwest route).” 

Thus, in order to get a better analysis of the construction of the design story of emergency 

plans, a intense review and analysis of videos, screen and audio records was made. A 

total of approximately 9 hours of video and audio were envisioned and transcribed for 

observing participant’s comments and interactions with and about the tool.  In addition, 

screen records allowed ensuring what participants made during the planning meetings 

with the tool, and using it as a comparison with what participants describe about the 

meetings. 

As a result of the analysis, some relevant issues must be highlighted: 

Use of previous planning information 
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The design of the emergency planning task was made with the intention of testing two 

different situations: (i) having new conditions that may conflict with those made in 

previous meetings; and (ii) having new conditions that complements those made in 

previous meetings. As an example of situation (i), in the running of bulls situation, during 

the second meeting participants were required to create evacuation routes from the 

situation of the ambulance to the nearest hospital. During the third session, participants 

were required to create evacuation routes from the ambulances to the heliport. These new 

routes cannot overlap or cross the previous ones. Otherwise, as an example of situation 

(ii), during the second meeting of the opening speech, participants were required to create 

a security area. Then during the last meetings, participants were required to extend such 

security area taking into consideration the conditions already established in previous 

meetings.  

In both cases, participants make a continuous use of the previous planning information, 

accessing to the rationale of decisions to understand why some decisions were taken and 

to corroborate if the can make a decisions without disrupting the previous ones when 

needed. In addition, it was seen that any decision was discarded because participants did 

not understand it. That leads to think that information captured and presented through the 

tool was useful for participants.  

Rationale were more complete as participants progress through sessions 

As participants progress through sessions, they were more aware of the usefulness of 

leaving comments for next meetings. As consequence, the descriptions about the 

associated rationale to a decision were more detailed and explanatory than in previous 

meetings. This has been reflected on descriptions in session 3, were participants are able 

to provide a more detailed and understandable description of what happened on the 

previous meetings. 

Continuous access to the tool for completing information 

Since participants were asked to make a review part and then make the description, 

during the analysis of the videos it was noticed that it was useful for them to get an 

overview of the previous meeting before starting with the planning tasks. However, 



                                                                DOCTORAL THESIS  |  Sara Tena 

 

140 

      

140 

participants found the need of access to the same information during the development of 

the planning task to remember why was made a decision or to understand a decision 

before make any change in the plan.  

Summary 

The development of the controlled experiment has allowed to corroborate that the 

independently of the turn over of personnel and the time gap between meetings, 

participants are able to store and access to planning information during meetings. In 

addition, and what is more important, the use of all the planning information captured and 

presented in the tool has serve them to know, understand and construct the design story of 

how an emergency plan has been developed over time.  

5.4 Summary 

The combination of four evaluation methods (experts survey, a software prototype, an 

usability evaluation, and a controlled experiment) has been used to test the validity of the 

proposed solution. Experts survey and the creation of a software prototype were intended 

to test the validity of the proposed framework to design a collaborative software tool that 

help to construct the design story for achieving continuity in emergency planning. 

Experts’ opinions corroborated that the conceptual framework is well constructed. That 

means, that the three elements (requirements, metadata model and guidelines) are good 

enough to build a collaborative software tool and that the compiled information is 

relevant for getting the design story of emergency plans. In addition, the development of 

a software prototype showed its potential for building collaborative software tools that 

assist the achievement of continuity in emergency planning. Nevertheless, it was still 

needed to test if the collaborative software tool built based on the framework can be 

really used for helping to construct the design story of emergency plans to achieve 

continuity over time. The usability evaluation and the controlled experiment helped 

therefore to reinforce the applicability and capability of the conceptual framework. The 

real use of the software prototype allows determining that the conceptual framework 

guides the design of collaborative software for the domain of emergency planning; and, 
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that such collaborative software really helps users to build the design story of emergency 

plans by using it.   
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6 CONCLUSIONS 

Within the discipline of Emergency Management, emergency planning has result to be a 

complex process with interesting particularities. The study of the literature about 

emergency planning and the performance of an ethnographic study of the practice have 

allowed depicting emergency planning as a indirect long-term collaborative process 

where continuity plays a key role. The design of emergency plans is made by a 

multidisciplinary team of experts that meet several times per year with the aim of 

exchanging knowledge, sharing information, and collaborating to define the best way of 

facing an emergency situation. This process is extended over years with the aim of 

improving plans, making them more effective. But, planning effectively has been 

demonstrated to be a matter of time and, more specifically, a matter of continuity. During 

the emergency-planning process, planners take advantage of the experience of other 

planners, as well as plans generated in previous years. Hence, emergency planners need 

to link past planning experiences, knowledge and decisions with present situations and 

discussions during the emergency-planning process; that means, emergency planners 

need to acquire a sense of continuity along the emergency-planning process.  

Achieving a sense of continuity during a design process such as emergency planning is 

not a trivial task. Emergency planners need to be aware of the story of how an emergency 

plan has been created over time (the design story of an emergency plan) to get a common 

understanding of the plan up to date. This awareness could be constructed by the use of 

collaborative software systems that capture and present all the needed information. 

Nonetheless, the review of literature about long-term issues in design, as well as the 

critical analysis of existing emergency-planning tools has shown that existing solutions 

are limited for this goal. Existing solutions commonly focus just on short-time periods of 

time or do not allow getting an overview of the entire design process –providing 
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awareness just from some small parts of information like rationale or tasks. 

Consequently, the main objective of this thesis work has been the definition of a 

conceptual framework that establishes the basis for the design of collaborative software 

systems that help emergency planners to construct the design story of emergency plans. 

This chapter is focused on establishing the final conclusions of the work performed along 

this thesis, starting by a short discussion about the results got from the development of 

the solution and its evaluation. Latter, in the next subsection, a deep remark of the main 

contributions of this thesis work is made. Finally the document ends by mentioning some 

future further research direction for the work.  

6.1 Discussion 

The solution proposed in this thesis work consists on the definition of a conceptual 

framework for continuity in emergency planning. The definition of the conceptual 

framework is based on the hypothesis that for achieving a sense of continuity in 

emergency planning, emergency planners must be aware of the design story of 

emergency plans. Under this assumption, the defined framework is oriented to guide the 

design of collaborative software systems that help to construct the story of emergency 

planning. It assembles three different abstractions that should be considered for 

designing: a set of requirements, an information model, and a set of guidelines. The set of 

requirements determine the minimum functional needs that a collaborative software 

system for the domain of emergency planning must comply in order to be used as a mean 

for constructing the design story of emergency plans. The information model represents 

through entities and relationships the needed information for constructing the story of 

emergency plans. And, finally, the guidelines are short description of directions to follow 

when designing collaborative software systems. These directions are related to interactive 

elements, methods and techniques to use for capturing and presenting the design story of 

emergency plans through technology.  

The conceptual framework that constitutes the solution of this thesis work has been 

grounded on: (1) the literature review of issues such as emergency planning, design, 
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collaboration, long-term matters;  (2) a critical review of existing emergency-planning 

tools; and, (3) the lessons learnt from the ethnographic study of emergency-planning 

practice. Literature review allowed getting knowledge from emergency-planning domain, 

the implications of collaboration and long-term issues in design processes, and existing 

solutions in long-term collaborative design works. The critical review of existing 

emergency-planning tools helped to get lessons and essential requirements for this type of 

systems. Besides, the lessons learnt from the ethnographic study lead the work to a more 

real application of it. The combination of these three sources has help to make concrete 

abstract concepts such as continuity and awareness. In this sense, the main challenge of 

the work was the identification of the story of emergency plans (based on the five w’s) as 

a suitable cue for allowing emergency planners to achieve a sense of continuity during 

the emergency planning process.  

The validity of the solution and its potential leading the design of collaborative software 

systems that assist the construction of the design story of emergency plans has been 

tested by the combination of four evaluation methods: an experts survey, a software 

prototype, an usability evaluation, and a controlled experiment. The experts survey has 

allowed demonstrating that the proposed framework is well constructed. According to 

expert’s opinion in the domain of emergency planning, the framework compiles suitable 

requirements for collaborative software systems to be used in the domain of emergency 

planning. Additionally, emergency-planning experts corroborated the importance of the 

information -provided by the information model- for getting an overview of the 

emergency-planning process. Otherwise, the opinion of software-domain experts 

corroborated the clarity, level of detail and lack of overlap within the design guidelines. 

Hence, based on expert’s opinion the framework is well constructed. Besides the experts 

survey, to test whether the conceptual framework could really guide the design of 

collaborative software systems that help to construct the design story of emergency plans, 

it was developed a software prototype based on the framework. By using the 

requirements, the information model and the design guidelines as basis, a co-located 

collaborative software system called TIPExtop was developed by three software 

designers and developers. The creation of this collaborative software, designed to be 

deployed in a horizontal surface, serves as proof of the potential of the framework to 
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guide the design of collaborative technologies that help to construct the story of the 

development of emergency plans. Finally, to reinforce the applicability and capability of 

the conceptual framework, an usability evaluation and a controlled experiment was 

developed by using the software prototype. In particular, the controlled experiment 

consisted on the use of the software prototype for an extended period of time. The real 

use of the software prototype allows determining that the conceptual framework guides 

the design of collaborative software for the domain of emergency planning; and, that such 

collaborative software really helps users to build the design story of emergency plans by 

using it.   

6.2 Research Contributions 

Taking as a base the work performed and the previous discussion, this subsection 

describes the research contributions of this thesis work. From a theoretical point of view, 

the main contribution of this thesis work is:  

• C.1 - A conceptual framework for continuity in emergency planning: The work 

contributes by providing a conceptual framework for designing collaborative 

software system that assist the construction of the design story of emergency 

plans, as a way of achieving a sense of continuity in the context of emergency 

planning. The framework assembles three elements that should be considered for 

designing: a set of requirements, an information model, and a set of guidelines. 

The development of this main contribution has led to obtain two more contributions from 

a different perspective. From a technological perspective, this thesis work contributes 

with: 

• C.2 – A collaborative software system for the context of emergency planning: The 

software prototype developed as a proof of concept of the conceptual framework 

follows an approach that has not been considered in existing technologies for the 

emergency-planning process. Thus, the design used into the software prototype 

may be used by other researchers as a basis for applying the three elements of the 

conceptual framework; especially, the design guidelines.  
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Finally from an empirical perspective, this thesis work contributes with: 

• C.3. An ethnographic study of two years in the context of local emergency 

planning: The findings and insights of the study can serve as a lesson for future 

studies. Other researchers can use it for getting a better understanding of 

emergency planning at the local level, the development of new studies, and the 

use of the findings for other designs. Thereby, this thesis contributes with findings 

from an ethnographic study and its relation with the design of collaborative 

software systems for emergency-planning domain. 

The dissemination of this research work based on the results and contributions obtained 

from it have resulted into scientific contributions in conferences related to the field of 

CSCW and Emergency Planning. Particularly, a total of three conference papers in the 

27th International BCS Human Computer Interaction Conference (BHCI 2013), the 11th 

International Conference on Design of Cooperative Systems (COOP 2014) in 2014 and 

the 11th International Conference on Information Systems for Crisis Response and 

Management (ISCRAM 2014) were published and a research publication was discussed 

during the  Collaboration meets Interactive Surface Workshop in the International 

Conference Interaction Tabletops and Surfaces in 2013 (ITS 2013). 

Conference Papers: 

• Tena, S., Aedo, I., & Díaz, P. (2013). Achieving shared understanding in face-to-

face 'tabletop' exercises. In Proceedings of the 27th International BCS Human 

Computer Interaction Conference (p. 61). British Computer Society. 

• Tena, S., Díez, D., Aedo, I., & Díaz, P. (2014). Designing for Continuity: 

Assisting Emergency Planning Practice Through Computer-Supported 

Collaborative Technologies. In COOP 2014-Proceedings of the 11th International 

Conference on the Design of Cooperative Systems, 27-30 May 2014, Nice 

(France) (pp. 361-376). Springer International Publishing. 
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• Tena, S., Aedo, I., Díez, D., & Díaz, P. (2014) TIPExtop: An Exploratory Design 

Tool for Emergency Planning. 11th International Conference on Information 

Systems for Crisis Response and Management - ISCRAM 2014 

Journal publication:  

• Tena, S., Aedo, I., & Díaz, P. (2015) The Use of Interactive Surfaces for 

Supporting Design and Reflection in Emergency Planning. International Journal 

of Human Computer Studies (Under Review) 

Workshop publication:  

• Tena, S., Díez, D., Carroll, J. M., Aedo, I., & Díaz, P. (2013) How are you 

placed? Adapting the design of the user interface to the orientation of the digital 

surface. Workshop: Collaboration meets Interactive Surfaces in Interaction 

Tabletops and Surfaces 2013 (ITS’13) 

6.3 Further Research Directions  

As have been seen all along the document, this thesis work proposes a conceptual 

framework for guiding the design of collaborative software systems that help to construct 

the design story of emergency plans, as a way of providing a sense of continuity in 

emergency planning. The performance of the evaluation phase allowed to test that the 

proposed conceptual framework can be used to design and develop collaborative software 

systems. However, the scope and depth of every research work is limited and always 

there is room for improvement. In this particular case, adding and extending the 

conceptual framework with the following works can improve the proposed solution: 

• Including mechanisms for information distribution. For achieving awareness, 

information must be captured and presented to users in order to make them aware 

of it. As Sohlenkamp (Sohlenkamp, 1999) highlighted in his awareness pipeline, 

information can be also distributed to users. Since the emergency-planning team 

is composed by experts with a great variety of backgrounds and experience, this 
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thesis work could be extended by the inclusion of distribution mechanisms that 

dispenses the information only to those user interested on it. Filter or search 

mechanisms, as well as distribution algorithms could be included with the aim of 

restricting the information delivery to emergency planners.  

• Use of visualization techniques for presenting information. The way of presenting 

the information provided to emergency planners can improve the understanding of 

it. As an example, the use of multiple-view strategies for showing the evolution of 

the emergency plan can help emergency planners to get a deeper understanding of 

the information. In addition, 2D and 3D visualization techniques could be used for 

showing geospatial information. A deep study and exploration of the most 

suitable visualization techniques to use should be made.  

• Inclusion of decision-support mechanisms. Emergency-planning process mainly 

relies on the definition of response action. The definition of such response actions 

is based on the decisions taken by the emergency-planning team. Nowadays, 

experts take decisions based on their knowledge and experience. The inclusion of 

decision-support mechanisms such as artificial intelligence recommendation 

systems or simulation mechanisms can help emergency planners to explore a wide 

range of possibilities and take decisions.  

• Integration with other information uploads systems. Collaborative software 

systems intended to assist the emergency-planning process can be enriched by the 

upload of information from different sources. Document engineering systems can 

be useful for uploading the emergency-plan-document information, environmental 

information systems can be helpful for getting weather information among others, 

and software systems developed for the response phase can provide relevant 

information about issues rose during response actions and help to improve 

planning decisions.  
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ANNEX I. CONSENT FORM 

ADULT CONSENT FORM 
UNIVERSIDAD CARLOS III DE MADRID  

[Insert Department here] 
 
TITLE OF RESEARCH: [Insert title of research here] 
INVESTIGATOR: [Insert name of principal investigator here] 
 
 
Purpose of Research: 
The purpose of this study is to evaluate _______________.  We expect to enroll approximately 
_______________ people in this study.  You are being asked to participate because_________________. 
 
Procedures: 
You will be asked to ___________________________________.  We expect your participation to take 
about ____________ of your time and you will not be compensated for your participation. 
 

Confidentiality: 
Your answers will be confidential. The records collected during this study will be kept private. We will not 
include any information that will make it possible to identify you. Research records will be kept in a locked 
file and only the researchers will have access to your records. If the interview is audio or video recorded, 
we will destroy the tape after it has been transcribed.  
 
Risks or Discomforts/Benefits:  
There are no potential risks associated with this study. 
 
Benefits:  
We expect the project to benefit you by __________________________. In addition, we expect this 
research to benefit ________________ (society and/or science) by 
________________________________.   
 
I understand that: 
 
 A. My participation is voluntary, and I may withdraw my consent and discontinue 

participation in the project at any time.  My refusal to participate will not result in any 
penalty. 

 
 B. By signing this agreement, I do not waive any legal rights or release Universidad Carlos 

III de Madrid, its agents, or you from liability for negligence. 
 
I hereby give my consent to be the subject of your research.   
 

______________________________________  
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 Signature 
 

______________________________________  
 Date 

 
Audio/Video Recordings:  

With your permission, we would also like to tape-record the interview. Please sign below if you agree to be 
photographed, and/or audio videotaped.   
 
I hereby give my consent for audio/video recording:  
  

______________________________________  
 Signature 

______________________________________  
 Date 
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DOCUMENT FOR THE SUBJECT 
 
Please keep this sheet in case you have any questions about this research project. 
 
 

 
1. TITLE OF RESEARCH:  

 
2. For answers to any questions you may have about this research, contact: 

 
PRINCIPAL INVESTIGATOR: 
 

 
3. For answers to any questions you may have about your rights as a research subject, contact: 

 
Universidad Carlos III de Madrid 
Avda. Universidad, 30 
Leganés (Madrid) 
91… 
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ANNEX II. EVALUATION DOCUMENTATION 

Tarea 1 – Sesión 1  

La planificación de emergencias es un proceso de diseño en el que profesionales de la 

gestión de emergencias (policías, bomberos, sanitarios, etc..) -personas con diferentes 

conocimientos, nivel de experiencia y roles- tienen que trabajar juntos para desarrollar un 

agregado de acciones de respuesta que permitan hacer frente a situaciones de emergencia. 

Esto es lo que se conoce como el plan de emergencias. 

En el presente experimento, usted va a jugar el papel de un planificador de emergencias 

para definir un plan que permita hacer frente a una situación de emergencia específica. 

Para ello, usted tomará parte en un total de tres sesiones -distanciadas en el tiempo- con 

una duración aproximada de 30-40 minutos cada una. Para cada una de las sesiones, le 

daremos la descripción de una situación de emergencia puntual, con una serie de guías 

acerca de las principales tareas que deberán llevar a cabo como equipo de planificación. 

Deberá discutir, razonar y decidir con sus compañeros sobre el mejor modo de dar 

respuesta ante las situaciones de emergencia propuestas.  Para ello, harán uso de la 

herramienta TIPExtop. TIPExtop es una herramienta diseñada para soportar la definición 

de planes de emergencias, que proporciona todas aquellas herramientas necesarias para 

gestionar recursos, diseñar rutas y capturar la lógica de razonamiento de la definición de 

las respuestas.  

A continuación se detalla la información necesaria para la realización de la primera 

sesión.  

Tarea: Pregón de las Fiestas de Leganés 
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El pregón es un discurso público con el que se anuncia e inicia la celebración de una 

festividad, invitando a participar en ella. Se trata, normalmente, del primer acto 

programado de fiestas. En la población de Leganés, el acto del pregón se realiza en la 

Plaza Mayor. El acto tiene una participación masiva de público, sobre pasando con 

mucho el aforo de la plaza, ocupando los aledaños (C/ Ntra. Sra. del Pilar, Paseo Colón y 

Calle Pizarro). 

A fin de ofrecer seguridad ciudadana ante el pregón, como equipo de planificación 

deberéis:  

• Realizar cortes en las calles de acceso a la plaza que consideréis necesarias 

• Definir tantas rutas de evacuación como veáis necesarias en caso de que haya una 

urgencia en la plaza 

Para ello dispondréis de los siguientes recursos:  

• 6 señales de prohibido 

• 3 coches de policía con 2 integrantes cada uno 

• 6 policías a pie 

Dado que deberéis continuar con la tarea del pregón en próximas sesiones, dejad 

reflejado sobre el plan (mediante comentarios y anotaciones) toda aquella lógica de 

razonamiento que sigáis para posicionar recursos, definir rutas, zonas de seguridad, etc. 

Toda información puede ser muy útil en próximas sesiones. 
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Tarea 1 – Sesión 2 

En esta sesión deberéis completar la tarea descrita en equipo y tras finalizar la sesión 

rellenar un breve cuestionario.  

Tarea: 

A fin de continuar con las tareas pendientes para ofrecer seguridad en el acto del Pregón 

en las fiestas de Leganés, en esta ocasión deberéis tomar medidas para controlar las 

masas. Al pregón acuden desde sus distintas localizaciones, todas las peñas de Leganés. 

Es por ello, que la plaza estará abarrotada de personas mayores y pequeñas, pero sobre 

todo jóvenes que acuden con bebidas alcohólicas a la plaza.  

Para controlar las masas, deberéis:  

• Establecer dispositivos de seguridad en la plaza 

• Distribuir contenedores de basura para evitar que las personas accedan a la plaza 

con botellas de cristal y tapones de plástico.  

Para ello dispondréis de los siguientes recursos:  

• 2 patrullas de a pie de 2 integrantes cada una (además de los ya existentes) 

• 8 vallas de seguridad 

• 4 contenedores de basura 

Al llevar a cabo las tareas, deberéis tener en cuenta la distribución de recursos y 

definición de rutas de la tarea anterior. 

Al igual que en la anterior sesión, dejad reflejado sobre el plan (mediante comentarios y 

anotaciones) toda aquella lógica de razonamiento que sigáis para posicionar recursos, 

definir rutas, zonas de seguridad, etc. Toda información puede ser muy útil en próximas 

sesiones. 

Tarea 1 – Sesión 3 
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En esta sesión deberéis completar la tarea descrita en equipo y tras finalizar la sesión 

rellenar un breve cuestionario.  

Tarea 

Se ha cambiado la fecha de celebración del pregón a un Viernes, lo cual puede provocar 

que la afluencia de personas que acudan al acto se incremente en un 75%.  Es por ello que 

deberéis tomar nuevas medidas de seguridad:  

• Ampliar el perímetro de seguridad 

• Definir nuevos cortes de calle 
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Tarea 2 – Sesión 1 

La planificación de emergencias es un proceso de diseño en el que profesionales de la 

gestión de emergencias (policías, bomberos, sanitarios, etc..) -personas con diferentes 

conocimientos, nivel de experiencia y roles- tienen que trabajar juntos para desarrollar un 

agregado de acciones de respuesta que permitan hacer frente a situaciones de emergencia. 

Esto es lo que se conoce como el plan de emergencias. 

En el presente experimento, usted va a jugar el papel de un planificador de emergencias 

para definir un plan que permita hacer frente a una situación de emergencia específica. 

Para llevar a cabo el experimento, le daremos la descripción de una situación de 

emergencia puntual, con una serie de guías acerca de las principales tareas que deberán 

llevar a cabo como equipo de planificación para definir las acciones de respuesta. Deberá 

discutir, razonar y decidir con sus compañeros sobre el mejor modo de dar respuesta ante 

las situaciones de emergencia.  Para ello harán uso de la herramienta TIPExtop. TIPExtop 

es una herramienta diseñada para soportar la definición de planes de emergencias. 

Proporciona todas aquellas herramientas necesarias para gestionar recursos, diseñar rutas 

y capturar la lógica de razonamiento de la definición de las mismas.  

Tarea 

El encierro es una costumbre taurina tradicional en las fiestas de numerosos pueblos y 

algunas ciudades de España y Latinoamérica. Consiste en correr delante de una manada 

no muy numerosa de toros, novillos o vaquillas, entre los que puede haber también 

cabestros que dirijan a la manada. Por lo general, los mejores corredores intentan correr 

lo más cerca posible de los toros, pero sin llegar a tocarlos. Muchas veces el mayor 

peligro de estos festejos lo crean los corredores inexpertos, que originan tropezones o 

embotellamientos. 

Normalmente los encierros se celebran por un recorrido urbano en el que hay un vallado 

(talanqueras) o un doble vallado todas las mañanas mientras dure la feria taurina. La edad 

permitida para correr los encierros en Leganés es 16 años.  
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Los encierros son uno de los eventos que más riesgo entrañan durante las fiestas a pesar 

del poco tiempo que duran, por eso es necesario un tratamiento más especializado que el 

resto de eventos. Hay que ser más estrictos con la prevención y las normas de seguridad.  

A fin de ofrecer seguridad ciudadana ante el evento de los encierros, como equipo de 

planificación deberéis:  

• Definir la localización de un puesto de mando desde el que se organizará y 

controlarán todas las medidas de seguridad del evento 

• Definir la localización y señalización de los hospitales de campaña 

• Definición de puestos de socorro. Estos puestos estarán destinados a heridos 

leves.  

Para ello dispondréis de los siguientes recursos:  

• 1 puesto de mando 

• 1 hospital de campaña 

• 3 puestos de socorro (ambulancias) 

Dado que deberéis continuar con la tarea de los encierros en próximas sesiones, dejad 

reflejado sobre el plan (mediante comentarios y anotaciones) toda aquella lógica de 

razonamiento que sigáis para posicionar recursos, definir zonas de seguridad, etc. Toda 

información puede ser muy útil en próximas sesiones. 
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Tarea 2 – Sesión 2 

En esta sesión deberéis completar la tarea descrita en equipo y tras finalizar la sesión 

rellenar un breve cuestionario.  

Tarea 

Para continuar con la tarea de establecer medidas de seguridad en los encierros, en esta 

sesión deberéis:  

• Distribuir policías a lo largo del recorrido que prohíban el acceso al recorrido a 

menores de 16 años, así como el control de personas en estado de embriaguez que 

quieran entrar.  

• Definir rutas de evacuación desde los puestos de socorro hasta el hospital de 

campaña y hasta el hospital más cercano.  

Para ello dispondréis de los siguientes recursos:  

• 15 policías de a pie 

• 3 coches de policía con 2 integrantes cada uno 

Al igual que en la anterior sesión, dejad reflejado sobre el plan (mediante comentarios y 

anotaciones) toda aquella lógica de razonamiento que sigáis para posicionar recursos, 

definir rutas, zonas de seguridad, etc. Toda información puede ser muy útil en próximas 

sesiones. 
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Tarea 2 – Sesión 3 

En esta sesión deberéis completar la tarea descrita en equipo y tras finalizar la sesión 

rellenar un breve cuestionario.  

Tarea 

Tras la discusión de las tareas previas, el ayuntamiento ha decidido habilitar un helipuerto 

en el recinto ferial. Por ello será necesario realizar algunas modificaciones en el plan 

anteriormente definido:  

• Definir zona de seguridad en la zona del helipuerto 

• Definir una nuevas rutas de evacuación hacia el helipuerto 

Para ello solo contaréis con los siguientes recursos adicionales:  

• 10 vallas de seguridad 
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Tarea 3 – Sesión 1 

La planificación de emergencias es un proceso de diseño en el que profesionales de la 

gestión de emergencias (policías, bomberos, sanitarios, etc..) -personas con diferentes 

conocimientos, nivel de experiencia y roles- tienen que trabajar juntos para desarrollar un 

agregado de acciones de respuesta que permitan hacer frente a situaciones de emergencia. 

Esto es lo que se conoce como el plan de emergencias. 

En el presente experimento, usted va a jugar el papel de un planificador de emergencias 

para definir un plan que permita hacer frente a una situación de emergencia específica. 

Para llevar a cabo el experimento, le daremos la descripción de una situación de 

emergencia puntual, con una serie de guías acerca de las principales tareas que deberán 

llevar a cabo como equipo de planificación para definir las acciones de respuesta. Deberá 

discutir, razonar y decidir con sus compañeros sobre el mejor modo de dar respuesta ante 

las situaciones de emergencia.  Para ello harán uso de la herramienta TIPExtop. TIPExtop 

es una herramienta diseñada para soportar la definición de planes de emergencias. 

Proporciona todas aquellas herramientas necesarias para gestionar recursos, diseñar rutas 

y capturar la lógica de razonamiento de la definición de las mismas.  

Tarea 

El recinto ferial es el lugar donde se montan las atracciones y casetas de peñas y 

asociaciones, teniendo una afluencia de público más o menos importante dependiendo del 

horario y día de la semana. Esta zona se divide en dos partes, la zona de atracciones y la 

zona de casetas. Estableciendo así las siguientes medidas preventivas:  

• Definir salidas de evacuación del recinto hacia el hospital más próximo 

• Definir puestos de socorro en los alrededores del recinto 

• Ofrecer servicio de seguridad ciudadana, mediante una serie de policías que 

merodeen por el interior del recinto 

Para ello dispondréis de los siguientes recursos:  
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• 3 ambulancias 

• 4 policías de a pie 

Dado que deberéis continuar con la tarea de los encierros en próximas sesiones, dejad 

reflejado sobre el plan (mediante comentarios y anotaciones) toda aquella lógica de 

razonamiento que sigáis para posicionar recursos, definir rutas de evacuación, etc. Toda 

información puede ser muy útil en próximas sesiones. 
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Tarea 3 – Sesión 2 

En esta sesión deberéis completar la tarea descrita en equipo y tras finalizar la sesión 

rellenar un breve cuestionario.  

Tarea 

Además de las medidas anteriormente definidas en el plan, junto al recinto ferial tendrán 

lugar los fuegos artificiales que den fin a la feria. Es por ello tomar medidas adicionales 

de seguridad en esta noche.  

El equipo de planificación deberá:  

• Delimitar la zona de seguridad para los fuegos artificiales 

• Definir la localización de los bomberos en caso de que hubiera complicaciones 

• Redistribuir los policías 

Para ello contarán con los siguientes recursos:  

• 3 policías más además de los ya existentes 

• 8 vallas de seguridad 

• 1 camión de bomberos 

Al igual que en la anterior sesión, dejad reflejado sobre el plan (mediante comentarios y 

anotaciones) toda aquella lógica de razonamiento que sigáis para posicionar recursos, 

definir rutas, zonas de seguridad, etc. Toda información puede ser muy útil en próximas 

sesiones. 
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Tarea 3 – Sesión 3 

En esta sesión deberéis completar la tarea descrita en equipo y tras finalizar la sesión 

rellenar un breve cuestionario.  

Tarea 

En esta ocasión deberéis de definir medidas para lidiar, además de con las medidas de 

seguridad para el recinto, con medidas adicionales para los conciertos que se celebrarán 

en la Plaza de toros “La cubierta”. Para ello deberéis:  

• Añadir nuevos puestos de seguridad cerca de la zona de la Plaza de Toros 

• Definir nuevas rutas de evacuación en caso de que haya heridos graves.  

Para ello dispondréis de los siguientes recursos:  

• 2 puestos adicionales de socorro 

• 6 policías de a pie adicionales 
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