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EXECUTIVE SUMMARY 

During the course of the RESOLUTE project, two versions of the deliverable “Blue print of user experience and 

interaction for CRAMSS and Apps” have been foreseen. This is the second version, submitted at the conclusion 

of WP5. The deliverable thus shares contents with the earlier version (D5.1), submitted in M16. Particularly, 

contents were maintained describing findings from literature review or the earliest analyses of user requirements 

or technical restrictions; however, they were adapted where necessary. What have been altered, based on the 

advancements in the project, are descriptions of the end user applications, including details about their 

information content. The completely new content refers to the development process followed, particularly the user 

testing and how its results have had an impact on the layout of the different applications.  

Thus, as predicted in D5.1, this final version includes descriptions of the work carried out in T5.1: The research of 

user requirements and the resulting user interaction concepts and designs for the three front-end applications to 

be developed in WP5:  

• CRAMSS (Collaborative Resilience Assessment and Management Support System) 

o Resilience Dashboard 

o Evacuation DSS 

o FRAM tool 

• Emergency support smart mobile app 

• Game-based training app 

The aim of this final version is to document the development process and the rationale that led to the final 

designs. As each of the three applications come with its own report (D5.3, D5.4 and D5.5), each of which 

describes their functionality in detail, this deliverable is providing a rather abstract description and an overall 

picture of how these fit together. It is, as much as possible, restricted to describing T5.1 activities, although this is 

– obviously – not possible without also making reference to results achieved by partners in T5.2, T5.3 and T5.4.  

Thus, this deliverable describes the user interaction concepts developed for the three applications, and how they 

were developed. This includes the following key aspects:  

• Target users and their characteristics 

• Objectives of these users when using the applications 

• Key features (as a synonym of “technical functionalities”), including contents  

• Technical restrictions 

• Description of the development process, including relevant standards and guidelines 

• The outcome of the work, consisting in the user interaction concepts, in the shape of storybooks for the 

features developed in the project and general guidelines for including future features.  

.  
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1 INTRODUCTION 

1.1 Scope and structure of T5.1 and this Deliverable 

1.1.1 Scope of T5.1  

Task 5.1 “Interaction Design and user experience” was focused on the three front-end applications to be 

developed in the RESOLUTE project:  

• The T5.2 CRAMSS (Collaborative Resilience Assessment and Management Support System), which 

eventually resulted in the creation of three separate applications:  

o Dashboard 

o Evacuation DSS 

o FRAM tool 

• The T5.3  ESSMA (Emergency Support smart mobile app)  

• The T5.4 GBTA (Game-based Training app)  

For these three applications, T5.1 has elaborated user requirements and developed and tested user interaction 

concepts in the shape of storybooks and wireframes. These have been provided to the partners involved in the 

tasks developing the front-end applications. What has been labelled “CRAMSS” in the description of work finally 

resulted not as a single application but rather as a compound of different small applications. Each of these is 

represented in its own user interaction concept. For one of these applications, the Dashboard, we provided both,  

concise proposals for designing given information sources, as well as a style-guide, which allows for adding new 

sources of information in the future that were not available during  the project duration. This supports the flexibility 

of the architecture and simplifies the enhancement of the Dashboard with new features once they become 

available.  

User requirements were collected separately for each application, based on the specific usability / user 

experience engineering approach chosen. Apart from additional literature research, which resulted in the 

collection of specific design guidelines or general standards, this approach is mainly based on focus-group 

discussions and interviews. The development was based on traditional Human Factors (HF) and user centred 

design methods, enriched by special literature on similar systems (e.g. control room software).  

1.1.2 Structure of this Deliverable 

This deliverable serves the purpose of documenting the developments in T5.1 and providing the rationale behind 

the user interaction concepts. An important part of this work was in maintaining a continuous exchange of ideas 

and thoughts creating a common ground for all partners involved in Work Packages 4 and 5 to harmonize efforts.  

Each application is described within its own chapter. Where applicable, the following aspects are described that 

characterize the respective application:  

1. An introduction about the application in order to describe it within its technical, organisational and 

social context.  

2. The target users for whom the application is being designed. It defines and restricts the group of users 

whose needs are to be addressed in the design.  

3. The objectives of the application. This refers to the goals the users will be able to achieve using the 

application. It describes the functionality of the application from a user’s perspective, focussing on the 

starting situation (desire, problem) and the solution meant to be provided by the system.  



RESOLUTE D5.2 Blueprint of user experience and interaction for CRAMSS and apps 

WWW: www.resolute-eu.org  Page 14 of 145 
Email: infores@resolute-eu.org 

4. The features of the application. This refers to the technical functionality of the application and describes 

it from a system perspective. When described on a conceptual level, objectives and features may look 

very similar. However, differences should appear with a growing degree of detail in the description, to be 

achieved over the course of this task. This will make sure that user objectives and technical functionality 

are always developed together and thus the user interaction concepts to be developed in parallel will be 

applicable. As far as appropriate, the description of the features includes information about the contents 

of the application. The feature may or may not depend on the content. As an example: The feature is an 

interactive map – the contents are the positions of fire extinguishers on the map.  

5. The resulting user requirements. Based on the specification of target users, objectives, features, and 

other sources such as literature research, relevant user requirements are briefly described that will be 

taken into account in the development.  

6. The technical restrictions. This refers to factors related to the technological platforms used for the 

implementation and also the environmental factors which (possibly) limit the available options in user 

interface design. For example, if a mobile app is to be developed for Android devices, then respective 

style-guides should be heeded and certain interaction elements are preferable.  

7. The development process of the user interaction concepts, including the results obtained from user 

testing. 

8. The final user interaction blueprint, consisting of storybooks and guidelines.  

Even though during the course of the task we researched user requirements by talking to representative future 

users, we maintained the sections that represent the starting point of user requirements analysis: we deducted 

key user requirements from in the Description of Work (DoW) and other parts of the Grant Agreement. These 

documents contain the characteristics that needed to be fulfilled by the project (unless other findings during the 

project course would heavily contradict such defined aims). The only major change to what was written in the 

DoW was the splitting up of the CRAMSS into three separate applications.   

1.1.3 Project background 

All five WP5 applications (they are five as the T5.2 CRAMSS eventually consists of three separate applications) 

are meant to support the resilience approach (D2.1) developed in the RESOLUTE project and specified in the 

ERMG (D3.5 and D3.7). This means that the applications shall contribute to the development of local adaptive 

capacities, namely by supporting the human actor with access to information that, on the one hand enhances her 

understanding of the relevant and wider operational status and requirements, and on the other hand, supports the 

management of local resources in alignment with or towards the adjustment of such operational status and 

requirements. The information to be provided to users should foremost take into account the contents of the 

ERMG, mainly in terms of the identification of critical operational interdependencies under various relevant 

operational contexts:  

• The identification and acknowledgement by whom, when and under what conditions resources are to be 

supplied 

• Ensuring a shared understanding of the types and levels of resource needs amongst all relevant 

stakeholders 

• The identification of all relevant operation control and monitoring mechanisms  

From the perspective of operations management and in line with the RESOLUTE perspective on resilience, 

guidance representing the four cornerstones of resilience (Hollnagel, 2011) should also be taken into account:  

• ANTICIPATE: what to expect (address “potential long term threats, anticipate opportunities for changes 

in the system and identify resources of disruption and pressure and their consequences for the system”) 
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• MONITOR: what to look for (address “critical aspects by monitoring system and environment for what 

could become a threat in the immediate time frame”)  

• RESPOND: what to do (address actual state; respond to regular or irregular disruptions) 

• LEARN: what has happened (“corresponds to the ability to address the ‘factual’ by learning from 

experiences of both successes and failures”).  

Another scheme of which actions are required to create resilience was presented by the National Research 

Council of the U.S.A (2012):  

• PLAN 

• ABSORB  

• RECOVER 

• ADAPT 

WP 5 was meant to ensure that both these similar models are supported by the end user applications. We 

focused on the cornerstones named by Hollnagel (2011b), as the same taxonomy is used in the ERMG. The 

following paragraphs detail how we addressed these aspects. This shall serve as an introduction on the purpose 

of the applications developed, before they are described in detail.  

1.1.4 Relevant project objectives 

The project’s objectives and desired impacts are stated in the Grant Agreement (see GA, p. 155 f.). Some of 

them could, at least partially, be achieved through the WP5 front-end applications or they would at least, to some 

extent, depend on the realization of these applications. The following table sums up these project impacts that we 

assumed to be relevant for the work in WP5, clustering them to the four key actions necessary to create 

resilience. Where adequate, we also mentioned user requirements that resulted from the aim of achieving the 

named impacts.  

Table 1: Project objectives related to WP5 actions 

Cornerstone Desired impact  WP5 outcomes to support this impact 

ANTICIPATE “Reducing cost and 

time for 

implementing 

resilience 

guidelines” 

This corresponds to the FRAM tool (see chapter 4) and the Dashboard (see chapter 

3). The FRAM tool provides its users with an overview of the resources needed to 

take certain decisions and the interconnections to other users and functions. This 

helps users select the relevant guideline to follow. Reducing cost and time also 

meant that the Dashboard was designed to require a minimum training time and 

effort for its users towards receiving and understanding the decision support 

provided. Using the Dashboard corresponds to several guidelines. The automatic 

processes implemented to assess the UTS’s current and future resilience status 

also contribute to this.  

MONITOR “Move to a 

paperless mode of 

work” 

The Dashboard distributes information among actors and thus reduces the need to 

exchange documentation. Information that was previously documented on paper is 

now available electronically to authorized users. Additionally, the Dashboard 

contains a timeline to view past data and analyses, additionally to the functions 

focusing on resilience assessment and actual / real-time data. 

RESPOND “Drastically reduce 

the risks for 

citizens” 

The ESSMA (Emergency Support Smart Mobile App) and the GBTA (Game-Based 

Training App) directly contribute to reducing the risks for citizens. The ESSMA does 

so by supporting operators in channelling the flow of citizens, either by evacuating 

them from the area of the critical incident or by, for example, avoiding the 

overcrowding of certain areas. 

Ensuring a good usability of the application was important to achieve the maximum 

impact. The GBTA helps civilians prepare for critical situations and thus further 

reduces their risk. This required making the training app a fun activity. The ESSMA 
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Cornerstone Desired impact  WP5 outcomes to support this impact 

displays only few relevant pieces of information in case of a disruption, in order to 

achieve effective and efficient adaption of behaviour by its respective users.  For the 

ESSMA to work well, it was also important to ensure a good usability of the 

Evacuation DSS: citizen evacuation depends on its operator.  

A training app for teaching civilians how to use the ESSMA has been developed, as 

well (see chapter Errore. L'origine riferimento non è stata trovata.).  

 RESPOND “Reduce the time 

for taking right 

decision” 

In accordance with the philosophy of resilience engineering, the Dashboard (which 

is part of the CRAMSS) helps reduce the time for taking right decisions in both 

emergency and non-emergency situations. This is achieved by providing the user 

with previously unavailable information that is relevant in decision making.  The 

FRAM tool will further increase the efficiency in decision making by linking decisions 

to resources actors and guidelines. 

RESPOND “Efficiency in 

resource allocation 

during the 

emergency” 

This is actually a subordinate case of making decision making more efficient. The 

Dashboard lists available resources across actors, who up-to-date had not been 

exchanging such information, yet. The FRAM tool supports this by naming resources 

relevant for a certain decision. 

RESPOND “Make emergency 

services more 

user-friendly” 

To achieve this, we had to ensure that the ESSMA was more user-friendly than what 

had previously existed by other apps. Previously, available information was 

published on web sites or send for generalized messaging services. The ESSMA 

provides individualized escape routes and thus increase this user friendliness, as 

long as a sufficient level of usability is ensured. As evaluation data of most other 

relevant emergency apps were not available, the threshold had to be defined based 

on norms of the measurement instrument, or (if also not available) by expert choice. 

The interaction needed to particularly take the emergency situation into account, 

with its special Human Factors requirements.  

User-friendlyness (or rather: high usability) was ensured by the evaluations with 

citizens (see 6.7).  

RESPOND “Increase 

communication 

with citizens and 

authority” 

Evacuation DSS and ESSMA provide features for the two sides to communicate 

directly. This feature can be used in emergency and normal conditions. As the 

dashboard includes the twitter vigilance, all authorities have an improved access on 

such social media contents. 

RESPOND “Ensure 

widespread 

accessibility of 

emergency 

services” 

Although WP5 had no influence on the available number of emergency services it 

may have helped maximize the output of a given capacity of emergency services by 

supporting an efficient deployment.  

MONITOR / 

LEARN 

“Make the 

resilience 

assessment and 

management 

process easier and 

effective” 

The information displayed in the Dashboard helps users, over time, detect possible 

bottlenecks and consequently directs attention to functions or outputs with undesired 

variability.  The FRAM tool helps connect such bottlenecks to system functions, 

which makes it easier to take corrective actions and thus increase resilience. 

 

LEARN “Establish 

coordination with 

all stakeholders 

involved in UTS 

resilience 

management” 

This objective is addressed by the Dashboard, in two ways. By exchanging the 

outputs of previously separated DSSs, it helps coordinate actions among 

stakeholders, and by providing a contact list it helps identify who to call in a certain 

situation.  The importance of the contact list was confirmed and the focus groups 

(see below).  
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- Prototyping: A prototype is a draft version of an application, depending on the prototype level with no to full 

functionality range. Prototypes allow developers to explore the comprehensibility and the usability of the 

application in an early development stage. 

Prototypes may generally come in the shape of: 

• A series of drawings on paper or paper mock-ups (called a low-fidelity prototype), 

• A few screens of the application that the user can click through (for instance a click demo in Microsoft 

PowerPoint), 

• A complete implementation with full functionality (called a high-fidelity prototype). 

High-fidelity prototyping is a method in which the prototype used for testing mimics the actual interface as 

closely as possible. Usually, for software interfaces, another software tool is used to mock-up the interface. 

This software tool accepts input from the keyboard or mouse like the actual interface would, and responds to 

those events in the same way (displaying a particular window or message, changing state, etc.) in the same 

way the actual interface would respond.  

The advantages of low-fidelity prototypes are that they can be used in an early stage of the development 

process and that they aren’t expensive in deployment. It is easier to test multiple alternatives of user 

interfaces with low-fidelity prototypes because they support a fast iteration of alternatives. High fidelity 

prototypes are more suitable for end periods of the development process. A high-fidelity prototype is close 

enough to a final product to be able to examine usability questions in detail and make strong conclusions 

about how behaviour will relate to use of the final product.  

As detailed below, we mostly relied on medium-fidelity prototypes. 

- Evaluation: Within the evaluation phase, the RESOLUTE prototypes will be tested to ensure that user 

requirements have been appropriately incorporated. The evaluation method depends on the prototype. The 

main focus of the evaluation was on the usability of the application in terms of understandable wording and 

interaction as well as the user acceptance.  All testing was done under laboratory conditions, as access to 

running control rooms was no option in case of the T5.2 applications.  Guidelines propose that application 

evaluation in progressed stages of the development should consider testing in the field, taking 

environmental aspects of the user interaction into account.  The pilot test of work package 6 corresponds to 

this recommendation. 

While Activity-centred design (ACD) focuses on the activities of the user to be realised using a piece of 

technology, User-centred design (UCD) puts an emphasis on the goals and objectives of the user (Saffer, 2010).  

We stuck with user-centred design, as in many cases it was difficult to foresee which user would engage in which 

activity.  This applied particularly to the control room operators. 

1.3 RESOLUTE User Interface development approach 

1.3.1 Requirements related to the development approach 

All development of user interfaces in the RESOLUTE project was principally oriented at the relevant international 

norms. This chapter briefly summarizes how the norms are taken into account.  

1.3.1.1 Dashboard, eDSS and FRAM tool 

In the case of the control room applications, EN ISO 11064 was relevant. The following table sums up how the 

norm was applied in the project:  
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Table 2 – EN ISO 11064 – Part 1 

Standard / Requirement RESOLUTE actions 

User-oriented design Representative users were involved in several phases of the design process.  

Applying ergonomics Relevant are only cognitive ergonomics – using design criteria to decrease 

error probability and mental workload. Physically stressful interactions are not 

expected with the T5.2 applications.  

Iterative development An iterative process was applied in RESOLUTE. Phase A and B are summed 

up in the user requirements analysis, C and D are the iterations described in 

the respective chapters and Phase E is the pilot test (WP6).  

Situation analysis The T5.2 applications (Dashboard, Evacuation DSS, and FRAM tool) are 

expected to be used in addition to other, thoroughly defined, control room 

features.  Most of their features are directed to spreading information, instead 

of directly manipulating specific functions. Thus, situation analysis does not 

require assessing system failures (which would be contrary to the concept of 

resilience).  

Task analysis Taking all possible action modes of all possible organizations into account that 

will be using the T5.2 applications was not possible in the context of this 

project. Instead, we assumed that the tools would be used under high stress, 

with limited time and possible interruptions. This makes them integratable into 

other (main) tasks of the operators.  

Error tolerance The Dashboard does not offer any option for false input. Its complexity results 

of the interactions of many possibly connected users. Errors can especially 

occur:  

- When a user enters misinterprets given information and act upon it, 

using his own specific technology, such as a company DSS. 

 

The Dashboard will further allow other users to question possibly erroneous 

data.  

The eDSS allows for errors:  

- Wrongly configuring an evacuation request. Therefore, evacuation 

procedures have to be checked and authorized by a so-called 

Central Decision Maker (CDM). 

- Wrongly sending a message or newsfeed. This is an unlikely error, 

we advocate against additional security prompts.   

User involvement This was guaranteed through the requirements analysis and user testing.  

Interdisciplinary 

development team 

Psychologists, informatics experts and engineers were involved in the design 

process (apart from the users).   

Documentation of 

ergonomic design 

principles 

This is done in this very document 

 

The design process defined in EN ISO 11064 –1 was not entirely applicable to the T5.2 applications, which did 

not involve certain elements frequently found in control rooms (such as controls for valves, doors, etc.) and which 

followed a resilience approach rather than strict procedures. Although these applications had to fit into existing 

strict procedures, they mainly constitute additional sources of information to the users. An exception to this is the 

Evacuation DSS.  

1.3.1.2 ESSMA and GBTA 

With respect to the mobile applications, other guidelines, such as platform-based recommendations were 

relevant.  
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An intuitive interaction with an application is essential for user acceptance. A user should be able to handle the 

application in accordance with the user’s mental model of the application. To provide an intuitive and easy 

interaction, the RESOLUTE applications needed to consider the distinguishability of interactive and non-

interactive areas, the size of interactive areas, latency for user actions, comprehensible UI text and labelling of 

controls, and a good information- and error-management.  

1.3.1.2.1 Distinguishability of interactive and non-interactive areas 

A user interface can be divided into areas that are not offering any means of interaction to the user (plain text, 

status bar, inactive buttons, etc.), while other areas do offer such means of interaction (e.g., active buttons, text 

entry fields, drop down menus, check boxes, etc.). To provide an easy and intuitive interaction with RESOLUTE 

user interfaces it had to be clearly distinguishable which areas are active and equipped with functionality and 

which areas are inactive and just provide information to the user.  

The following guidelines apply for distinguishable user interface areas and elements (Microsoft, 2012): 

• Interactive and non-interactive areas and elements should be distinguishable by its design (UR). 

• For active areas like active UI elements a similar design should be used (UR): 

o Temporarily non-interactive operation elements should be greyed out and/or should not be 

elevated by means of 3-D-representation (readability of text on elements should be ensured), 

o Active areas: May be elevated by means of 3-D-representation, 

o Interactive text: Should be emphasised. 

• For non-interactive areas like text or status information a similar design should be used (UR): 

o Non-interactive text: Do NOT use colours that are in other places used for hyperlinks. Do NOT 

underline text, 

o Non-interactive areas should have the window background colour. 

1.3.1.2.2 Size of interactive areas 

For users with limited mobility and for elderly people it is recommended to design interactive areas larger than 

their related UI element. This guideline especially applies to devices based on touch interaction (UR). 

1.3.1.2.3 Information- and error-management 

A good information and error management is crucial to give the user the feeling that he/she is in control of the 

system. Users need to be informed about the system status in a comprehensible way. Error- and information 

messages can be categorized into the following types:  

 

• Information messages present general information to the user, like the progress of an system action 

(Gnome, 2008, 2012), 

• Warnings and alerts inform users about the possible consequences of a requested action, report on the 

results of an action, if they may not be expected (for example, when only three of four selected files were 

successfully downloaded), or report on other types of unexpected situations such as system conditions 

(for example, when disk space is running low) (Gnome, 2008,2012).  

• Error messages report system and application errors to the user (Gnome, 2008, 2012). 

• Confirmation alerts ask the user a question, usually before being able to carry out a requested action. 

For example, if the user uses the backward navigation and the current page is a fill-in form actually not 

saved the systems asks to continue the requested action with the consequence of data loss or to abort 

the requested action (Gnome, 2008, 2012). 

• Success alerts indicate that an action has completed successfully (for example, a successful data down- 

or upload) (Gnome, 2008, 2012). 
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1.3.1.2.4 Latency of user actions 

Response time to user action is an important aspect of usability. If the user has the feeling, that the application is 

not or very slowly reacting, or is reacting too fast to be handled, then the user might stop using this application. 

The following guidelines are recommended: 

• For response time below one second no progress information is needed (Nielsen Norman Group, 2013). 

• Response to user actions should be immediate (UR). 

• Even if long response times should be avoided, responses shouldn’t come up too fast, the user should 

perceive the changes in the user interface and should have the possibility to react to changes (e.g. for 

scrolling) (Nielsen Norman Group 2013). 

• If the response time is more than one second the user should be informed (Apple, 2012). 

• For lengthy operation a progress indicator should be provided to inform the user how long the operation 

will take (Apple, 2012). 

1.3.2 RESOLUTE UI development model  

The overall user interaction approach in RESOLUTE was aimed at supporting the users by providing content 

through “enhanced visualizations and other multimodal means, including speech, vibration, automated phone 
calls, as well as indirect environment-enabled guidance (e.g. traffic lights guidance)” (GA, p. 151).  

The different user groups addressed by the three applications imposed a variety of Human Factors requirements 

on the development. These requirements are described in the respective chapters below in conjunction with each 

user group.  

As represented in Figure 1, relevant information gathered in laboratory testing during the user interaction 

development process was fed back to the ERMG development process. This was aimed at further improving the 

ERMG where necessary between M30 and 36. The outcomes of WP5 work were required for the successful 

realization of the pilot tests.  

 

Figure 1. Visualization of the overall usability engineering approach (GA, p. 167) 

The RESOLUTE iterative development approach consisted of two iterations.  
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Figure 2: Detailed view of the front-end development approach in RESOLUTE 

Iterative development of user interfaces involved steady refinement of the design based on user testing and other 

evaluation methods. Problems encountered by several test users while using it could then be fixed in a new 

iteration. The resulting design or prototype was then re-tested to ensure that the problems of the first iteration 

were now solved and to find any new usability problems introduced by the changed design. Based on the 

requirements described in this document, materials were created, such as instructional guides for focus group 

discussions, in order to finalise the requirement analysis. A focus group was conducted to prioritise functions or 

objectives described below, in order to delimitate the content of the final user interface. Based on the 

requirements collected, low- or medium-fidelity prototypes of the different applications were produced and tested 

in the laboratory with end users. The feedback collected here was used to refine the prototypes, which after that 

went into a second round of testing.  

1.3.3 RESOLUTE UCD methods 

D5.1 contained a list of possible UCD methods to be used. In the following tables, we maintained the descriptions 

of the methods that were eventually used. We used Focus Groups for analysing user requirements concerning 

what at that stage was considered to be the CRAMSS and later divided into the Resilience Dashboard, and the 

eDSS. Interview techniques were used in the work related to defining the contents of the GBTA, as well as for 

gathering additional CRAMSS-related user requirements from CdF.  

Table 3: Requirements analysis 

Method Description  

Focus group Focus groups consist of a moderated discussion with potential users. It is 

especially useful to make an initial analysis of the people’s attitudes and 

beliefs. Within a discussion setting, the participants express their subjective 

feelings and ideas guided by a facilitator. The particular advantage of this 

method is that it brings up ideas that would be missed in a questionnaire or a 

one-on-one interview situation. Relevant information is also revealed through 

the interaction between the participants.  

Structured interview The interview is a method for discovering facts and opinions held by potential 

users of the system being designed. It is usually performed by one interviewer 

speaking to one informant at a time. Reports of interviews have to be carefully 

analysed and targeted to ensure that they reveal relevant information. An 

interview can typically gather more information than a questionnaire and go 

into a deeper level of detail. Interviews are good for getting subjective 

reactions, opinions, and insights into how people reason about issues. Based 

on the information required, an 'interview schedule' is prepared. This is a set of 
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Method Description  

topics that one needs to discuss with the interviewee in order to obtain that 

information. One decides on the order in which to cover the topics. For each 

topic, an 'askable prompt', an instruction on how to ask for the respective 

information, should be prepared, as well as an explanation of each topic (in 

case the informant does not understand the 'askable prompt'). For a highly 

structured interview, each topic will be broken down into a series of sub-topics, 

each with their own 'askable prompt'. 

 

For all user tests, we used click demos. Functional prototypes will be used in the WP6 pilot tests. They are 

mentioned here because they still relate to the design process as described by the above mentioned standards.  

Table 4: Prototyping methods 

Method Description  

Click demo A click demo is a low fidelity digital prototype that implements some interactive 

elements of the interface. The focus of the prototype is not on the look and feel 

of the interface, but in the actions that the user can perform in order to fulfil a 

task. Click demo prototypes will help designers refine the page flow before 

implementing any graphical aspects of the interface. 

Functional prototypes In the RESOLUTE pilot tests, functional prototypes will be tested and 

evaluated. They will be versions of the applications that show the desired 

functionality, at least under pre-defined limiting conditions. They allow for the 

most realistic testing and the identification of the broadest range of possible 

errors in design or technical functioning. They are useful at the end of a 

development process, based on the effort necessary to create or adapt them.  

 

We used cognitive walkthroughs for evaluating the designs before user testing, in order to ensure that obvious 

design errors were avoided. The early prototype of the CRAMSS was partially steered by the test instructor, 

which corresponds to the Wizard of Oz technique. The thinking-aloud technique and usability questionnaires were 

applied in the first test of the ESSMA and in the last tests of the Dashboard, eDSS and ESSMA.  

Table 5: Evaluation techniques 

Method Description  

Cognitive Walkthrough The Cognitive Walkthrough (CW) is a usability inspection method that aims to 

assess the ease of use of a design through exploratory techniques, based on 

a cognitive model of learning and use (Wharton, Rieman, Lewis, & Polson, 

1994). To do so, a set of expert evaluators or a set of prospective users is 

asked to perform a series of tasks using a prototype of the interface. The 

evaluators will use information about the cognitive factor of a set of target 

users - experience and acquired knowledge – to check if the interface fits their 

mental models. Each action within each task should be thoroughly reviewed, 

aiming to elicit whether all target users will understand the actions and 

responses of the interface. The CW method has, for example, been enhanced 

for safety critical purposes (Bligard & Osvalder, 2013).  

Wizard of Oz technique 

 

The Wizard of Oz technique (Ardito, Buono, Costabile, Lanzilotti, & Piccinno, 

2009; Nielsen, 1993) is a very helpful method to simulate system behaviour. In 

user testing, this technique has a user interacting with an interface without 

knowing that the responses are being generated by a human, not a computer. 

This allows testing of some difficult interface concepts before a system is fully 

working on a functional level. 

Thinking-aloud technique A thinking-aloud test involves having a test subject use the system while 
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Method Description  

continuously thinking out loud (Lewis, 1981). By verbalizing her thoughts, the 

test user enables the developer to understand how he views the computer 

system. One gets a very direct understanding of what parts of the dialogue 

cause the most problems because the think-aloud method shows how users 

interpret each individual interface item (Nielsen, 1993). Disadvantages of this 

method have been widely discussed (Hertzum & Holmegaard, 2015). A 

problem of the thinking-aloud method is that it can’t be used together with time 

measurements, because the need to verbalize can slow users down. When 

using the think-aloud method, the experimenter should often prompt the user 

to think out loud by asking questions like “What are you thinking now?” and 

“What do you think this message means?”  

Usability Questionnaires Standardised questionnaires can be used to measure statistically the user 

experience and user acceptance of a system. Recommended questionnaires 

are the AttrakDiff (Hassenzahl, 2003), and the Isometrics-S (Willumeit, Gediga 

& Hamborg, 1996). For other, newer instruments, such as the USE 

questionnaire (Lund, 2001), validity is likely to assume yet not proven.  

 

The chapters below describe the developments in detail.   
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2 DIVIDING THE CRAMSS INTO 3 APPLICATIONS 

2.1 Why divide the CRAMSS? 

T5.2 was focused on the development of the Collaborative Resilience Assessment and Management Support 

System (CRAMSS) for Urban Transport Systems (UTS). At the beginning of the project, the CRAMSS was 

intended to be one single application. This was reflected in the first mock-ups, published in D 5.1. However, this 

concept was reshaped during the course of the project, and now we have a different understanding of what the 

CRAMMS is.  

The development of the CRAMSS started with the definition of user objectives (published in D5.1). Today, an 

updated summary of these objectives would read like this:  

ANTICIPATE:  

• Help the stakeholders apply the ERMG. (“The CRAMSS System to be developed within RESOLUTE is 

meant to operationalize the ERMG guidelines for UTS”; GA, p.148) 

• Predict, where possible, critical incidents. This refers not only to single risk factors but to functional 

resonance. That means: predict danger that occurs due to unwanted variability in several (systemically 

interconnected) functions of the system 

• Help stakeholders spend their limited resources correctly to cover such critical incidents. 

MONITOR 

• Monitor, if necessary, a multitude of processes or aspects of the UTS; particularly: traffic flow and 

passenger flow.  

• Know what other actors are doing (that means: know the resilience strategies currently in place and 

those supposedly to be applied next).  

• “Coping with uncertainty” (GA, p. 135): maintain an overview of activated resilience strategies, as 

defined by “control points”, “conditions” and “actions” (see D4.1 and Annex).  

• Detect disruptions when they occur. Realize quickly where the disruption is localized and what effects it 

is already having on the UTS.  

• Turn citizens into sensors by exchanging data between CRAMSS and ESSMA.  

RESPOND 

• Quickly get a reliable overview of the disruptive situation / event. 

• Each user should be supported in making their own decisions (based on the specific role, e.g. 

ambulance dispatcher) by such information given.  

• This particularly requires what is part of the MONITOR cornerstone: know what other actors are doing.  

• A special case is the support for the evacuation of people (either pedestrians or cars). This rather refers 

to a new role in the system (evacuation responsible), as the technology provided to this end by 

RESOLUTE was not available before the project.  

• Turn citizens into voluntary helpers by exchanging data between CRAMSS and ESSMA.  

• Communicate directly with certain groups of citizens 

LEARN 
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• After an event, replay decisions taken (e.g. from a log) and analyse them with respect to the ERMG and 

the FRAM model of the UTS: where all relevant factors taken into account when taking the decisions? 

Which variability was not taken into account?   

Some of these objectives apply to a multitude of users, while others rather refer to a single user role within the 

urban transport system. They also apply to different activities or stages of the work. We separated the respective 

features into different applications, in order to be able to provide each user with just the desired features and 

functionalities that correspond to the individual activities. In this chapter, we describe the new concept of the 

CRAMSS and we give an overview of the applications created in T5.2.  

The CRAMSS is primarily a concept or an idea of a collaborative workspace in which DSS operators can share 

their outputs of or information about their work among each other. Thus, at theoretical level, the CRAMSS is a 

frame to gather and display output information from separate databases or DSSs. So, for the CRAMSS to exist 

several technical components are necessary, even though – and that is the very point behind the development of 

the CRAMSS – these components may be developed and managed by different entities autonomously, such as 

the DSSs.  

The CRAMSS being developed and demonstrated in the RESOLUTE project is just one possible instance of such 

a collaborative space.  With new or other DSSs becoming connected to it, with additional sources of information 

getting available, or with new cross organizational communication rules being implemented, the content and the 

design of the CRAMMS may change. The results of the RESOLUTE project are open to connecting further DSSs, 

which may have an influence on the appearance of the CRAMSS to users.  

In any possible realization, the CRAMSS would consist of a backend that communicates with the ESB (both, 

sending and receiving information) and a front-end for user interaction. In the RESOLUTE project, this user 

interface is represented by the Resilience Dashboard. The Dashboard shows information retrieved from different, 

usually separated DSSs. Thus, the main purpose of the CRAMSS remains the same that was reported in D5.1: 

“to support reference actors at the UTS, such as infrastructure managers, with their decision making under both, 
standard operating conditions and emergency conditions. The CRAMSS displays information from different 
sources or independently running web-applications, together with the results of the decision support”.  

So, the dashboard is a connecting link between various decision support systems.  In order to fulfil all the above 

mentioned objectives, and specifically to support the resilience cornerstones RESPOND, RESOLUTE has 

created an evacuation DSS (eDSS), which is also one of the outcomes of work package 5. The core objective of 

the evacuation DSS is the calculation of individualized evacuation routes for civilians.  

The FRAM tool operationalizes the FRAM model in order to provide operators with an overview of which 

resources are necessary for which decision, which guidelines apply to the specific decision-making, and who are 

contact persons in other organizations that provide resources for one’s own decision.  

In summary, task 5.2 has produced three outcomes:  

1. The Resilience Dashboard 

2. The Evacuation DSS  

3. The FRAM tool 

Each of these applications is presented in one of the following chapters.  

Figure 3 provides an overview of these three tools. The resilience dashboard and the FRAM tool are intended to 

you be used by all operators, by the evacuation DSS is reserved for one specific operator.  Each DSS sends 

information to the ESB, which redistributes the information to the different instances of the Dashboard.  The CDS 

as the central decision maker, for example the mayor.  Each of the operators in the picture is expected to be a 
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But why is the Dashboard needed? Nowadays, critical infrastructures depend to a great extent on decision 

support systems (DSSs).  In many infrastructures, such decision support systems are linked together and provide 

their output to a range of interests that operators that may depend on such information. This is true at airports or 

nuclear power plants, for example. Cities are special in the sense that their critical infrastructure is managed by a 

multitude of organizations, and thus by locally dispersed users. Each organization (government/administration, 

police, fire brigades, civil protection, UTS companies, electrical energy suppliers, etc.) uses their own DSS and is 

responsible for maintaining the confidentiality of their data. Due to the complexity of sociotechnical systems, 

managing resources and outputs of one function affects other functions as well. Particularly, interaction effects 

caused by functional variability have to be controlled in order to achieve an acceptable level of resilience. The 

core objective is to inform actors about such interdependencies and the risks of functional resonance. 

Consequently, operators should have access to relevant information about the activities of other stakeholders – 

or the problems and variabilities encountered by those.  

However, providing users outside the organization with direct access to such data, be it input or output to the 

DSS, is a risky or per se prohibited in many organizations. This is the fragmentation problem addressed by 

RESOLUTE. The dashboard provides a solution to this problem. Through the Enterprise Service Bus (ESB), the 

decision support systems can exchange a selected number of their outcomes without compromising the 

databases in the background.  To authorized users, the Dashboard can show a summary of such outcomes and 

other information that is queried from databases, tailored to the individual user’s needs. It bypasses the named 

liability issues. 

This corresponds to Bungay’s (2011) directed opportunism approach: instead of maintaining “command and 

control”, he proposes “mission control” which allows decision makers to take free (“opportunistic”) decisions in 

order to account for current conditions that are not reflected in overall strategy. This requires closing three gaps: 

the knowledge gap (which represents the difference between the decision maker’s desired knowledge and actual 

knowledge), the alignment gap (which represents the difference between what actors are expected to do and 

what they actually do) and the effects gap (which is the difference between the expected and the actual results of 

the actions taken). The Resilience Dashboard addresses the knowledge gap, referring to a-priori knowledge, and 

the effects gap, as it helps the operator keep track of what is actually being achieved, compared to what was 

planned.  

The Dashboard particularly relates to resilience, as it visualizes the results of resilience assessments (compare 

GA, p. 136), which are provided through a back-end module. The resilience concept is propagated through the 

combination of the Dashboard and the FRAM tool: the Dashboard indicates where unusual variability is 

happening in the system and the FRAM tool relates such variables to the FRAM model and helps understand the 

consequences of such variability.  

In accordance to the resilience concept described in D2.1, all features of the Dashboard are available in normal 

operation conditions, as well as in emergency conditions. Thus, it does not have an “alert mode”. It is meant to be 

used the same way at all times (see 3.4).  

From the perspective of user interaction design, it is important to note that the Dashboard will not substitute 

existing systems at the operator’s or manager’s control desk. It will be an additional system, even though it may 

share common features with existing ones, or serve to reach the same objective: improving the operator’s 

situation awareness. This is important because, as a consequence, the Dashboard does not represent the 

standard emergency procedures in the control rooms of the RESOLUTE pilot sites – which would in any case be 

unrealistic due to the differences between the application areas, legal background, etc. Instead, it needs to fit in 

between the existing processes, providing shortcuts or boosting efficiency by addressing relevant needs and 

bottlenecks that are expected to arise in emergency conditions. 
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3.2 Target users 

3.2.1 User characteristics 

Target users of the Dashboard are managers and decision makers at Critical Infrastructures (CI), as well as so-

called “operators”. A relevant characteristic of a user of the Dashboard is thus that such an operator is a person 

entitled or empowered by the organization to take decisions during normal operations and in cases of emergency.  

In this deliverable, the term operators refers to all persons working at a CI who are in charge of monitoring the 

flow of vehicles or passengers and whose responsibility it is, in a case of emergency, to redirect traffic or person 

flow or to coordinate mitigation attempts. These professionals are trained to know the procedures to be followed 

in different types of emergency, usually based on a handbook with clear instructions. They are trained at using 

the tools available at their workplace, including IT-infrastructure for monitoring or steering the flow of traffic.  

Managers or other decision makers are persons with a higher responsibility and executive power, yet they are not 

necessarily involved directly in ground level operations. They are not necessarily aware of the detailed 

procedures to be followed in emergency situations. Their primary task is to provide the correct resources and to 

make strategic rather than tactical decisions, thus ensuring that the CI is constantly maintained at a partially or 

fully functional level.  

Target users of the Dashboard for the Florence pilot will be the City Administration, led by his excellence the 

Mayor of Florence, with the following divisions: 

• the Mobility division, supervising and regulating traffic and main public and private transport 

infrastructures  

• the City Police, patrolling traffic, the first to escalate problems in daily operations and to take care of 

ordinary stresses  

• the Civil Protection – a critical function, which is triggered in case of natural disasters – it can be 

triggered on event-driven basis, or upon political decisions, and 

• the Information Technology division, which provides internet, intranet, data, business continuity, IT 

disaster recovery, etc.  

Under the supervision of the City Administration other operators from all the main public and private utilities may 

possibly become involved in the use of the Dashboard, such as:  

• Bus company 

• Tram company (and their subcontractors) 

• Street maintenance company 

• Street lights and signage company 

• Taxi companies 

• Rental companies 

• National high speed railways companies  

• Regional railway organization  

• Ambulance services (emergency call 118 or 112) 

• Electrical power providers 

Other actors that might become involved in ordinary stress or extraordinary events in Florence are:  

• Fire Service 

• State Police 
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• State Military Police (Carabinieri) 

• State Financial Police 

• Region of Tuscany Civil Protection 

• National Civil Protection 

• Regional Hospitals 

Out of these many possible actors or involved organizations, represented by different persons, the development 

will be focused on the users with the broadest range of responsibility and influence regarding decision making. 

These are the users that need to access the greatest range of different sources of information and make the most 

complex decisions – affecting several subsystems or organizations. These users are the representatives of the 

four divisions led by the Mayor of Florence.  

Target users of the Dashboard for the Athens pilot will be Critical Infrastructure Managers, mainly Metro 

Operation Control Centre (OCC) Managers, as well as Managers of First responders. A list of CI Managers and 

first responder managers of the agencies involved follows.  

Critical Infrastructure Managers  

• OCC Manager 

• Traffic Regulators 

• Power Regulators 

• Information Officers 
 

First responders  

• Fire Service managers, as well as managers of the supporting agencies involved 

• General Secretariat for Civil Protection (CP) and its Operational Centre 199 SEKYPS 

• Region of Attica CP 

• Police Officers (GADA) 

• EMAK Rescue Team  

• EKAB first aid and  

• Hospital managers 
 

3.2.2 User groups 

Two types of users will use the Dashboard:  

• Operators / stakeholders: all these users have a read-only access to the data provided in the 

Dashboard, as long as they are logged in.  

• The Central Decision Maker: there is only one in each city. He/she is the final authority regarding the 

evacuation of citizens (e.g. the mayor or regional governor).  

3.3 Scope and objectives 

The scope describes the main cornerstones of the application according to what has been defined in the 

Description of Work (DoW). The objectives describe the behaviour of the application from the perspective of the 

user: what needs to be achieved (compare ISO 9241). These objectives later form the basis of usability 

engineering and usability testing.  

The Dashboard, as RESOLUTE’s instantiation of the CRAMSS, has been designed to master the three key 

challenges related to achieving resilience in UTS:  
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“1) excellent coordination between different relief /rescue groups;  

2) appropriate information (especially geo-referenced information); and  

3) intelligence in communicating orders and information to different participants” (GA, p. 148).  

The dashboard addresses these challenges in the following way: it helps improve the coordination between relief 

or rescue groups as it allows different organizations to share positioning info as well as information about applied 

strategies or tactics with other operators. With respect to the second challenge, the appropriateness of 

information is given by automatically reading such data from databases or decision support systems and the data 

is furthermore checked for plausibility in an automated manner.  For example, geo-referenced information is 

checked by analysing if normal user behaviour can lead to the variability measured. If a user is localized 

acquisitions that are hundreds of kilometres away within a very short time frame, then an error is likely to have 

occurred.  The third challenge is addressed by the dashboard in combination with the FRAM tool: the latter helps 

users tailoring the information they receive from the dashboard to their individual needs. 

The dashboard is based on one main user objective: Get an overview of the current status of the UTS, 

including activities by other involved actors/organizations.  

In summary, it contributes to resilience in the following way: 

• It supports resilience by giving each authorized user (read only) access to relevant information, such as 

weather data, traffic flow, twitter analysis, etc. This increases situation awareness and thus reduces 

uncertainty that is a source of output variability.  

• The aim is to ensure that each actor can see by him-/herself which current and future conditions to take 

into account when assigning resources in the system.  

There is a scientific debate on whether the construct of situation awareness is a good construct to be used in 

cognitive engineering; Hollnagel, whose work plays a significant role in the theoretical foundations of this project 

advocates against the use of this construct (Parasuraman, Sheridan & Wickens, 2008). Without entering this 

debate, on whether and how it can be measured fulfilling scientific standards, we use this term here by stating: 

the Dashboard serves to increase operators’ situation awareness.  

Situation awareness relates to mental workload: “Generally, mental workload has been most often characterized 

in terms of the level of attentional demands placed on the operator in the course of performing required tasks, 

whereas SA is primarily associated with the informational content of the operator’s memory systems during task 

performance.” (Vidulich & Tsang, 2015, p. 95). This means that the dashboard should contribute to the operator 

developing a mental image and holding in the short-term memory all the information currently relevant for his 

actions.  The dashboard also helps to quickly recover information that is too extensive for holding it in the limited 

human short-term memory. However, the dashboard is more than just a situation awareness tool: it is meant to 

provide access to the complexity of the urban transport system and develop the level of understanding that goes 

beyond following the development of few key variables in the operator’s close vicinity.  

3.4 Features 

The features of the Dashboard provide support for the four cornerstones of resilience. While some features may 

address several cornerstones, others are limited to only one of them. The features are described in detail below. 

This is how the Dashboard shall support resilience:  

• ANTICIPATE: With respect to other DSSs connected (e.g. the UTM DSS), the Dashboard visualizes 

resilience strategies, including the definition of onset conditions for each strategy. This means that an 

operator can anticipate the onset of such a strategy before it comes into place, by following the relevant 
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car].  table format (columns: start, edges, end, 
number of saved; number of travelling) 
 
Note: See “features” for process of CDS 
authorizing the plan  

Traffic (UTM) 
events 

UTM DSS (via 
ESB) 

[List of arc_IDs / coordinates; 
event code (accident, traffic jam, 
roadworks, etc.) , 
severity; 
start/stop timestamp; 
additional descriptive information about 
the specific event] 
 

Representation on map. The code and 
severity of the event define the graphical 
representation of the traffic event (like 
color-coded traffic jams on Google maps). 
The additional descriptive information can 
be visualized on mouse-over.  

Proposed UTM  
actuation 
strategies 

UTM DSS (via 
ESB) 

[Strategy description (text); 
activation threshold; 
activation type (e.g. automatic, manual, 
etc.); 
current value (percentage) -> all control 
points in an area; 
priority of strategy; 
time of last update] 

For each strategy: a gauge – or bar chart, 
with the activation threshold as a target 
value, and colour according to the current 
value;  

Tramway 
(UPT) high-
level events 

From UPT 
DSS operator 
to ESB to 
Dashboard 

Same scheme as in critical events:  
[(Tramway high-level) event type (e.g. 
“technical issue”; “line suspended”; “line 
separated in two rings”); coordinates; text;  
alert severity (minor, major, critical); alarm 
status (open, closed); timestamps (for 
status transitions)] 

Widget: Event displayed on an events list 
 

Proposed UPT 
actuation 
strategies 

UPT DSS to 
ESB to 
Dashboard  

[(text); ENTITY (=affected entity id; e.g. 
[station, line, train]); optional: 
COORDINATES (of entity); TIMESTAMP; 
REQUEST TYPE (e.g. status, speed); 
REQUESTED VALUE (e.g. closed; 
low_speed); REQUEST STATUS 
(pending; rejected by human; 
processed=accepted by human)].  

Table. If the entity comes with 
coordinates, then the entity is a hyperlink; 
Clicking it will centre the map on this 
entity. 
Entity: translate to real-world name 

ESSMA user 
profile analysis 

Evacuation 
DSS to ESB 
to Dashboard 

ESSMA user clustering information of the 
following format:  
[A list of the users’ IDs that correspond to 
the depicted nodes; the (x,y) position of 
the nodes in the 2D space/window; the ID 
of the behavioural cluster to which they 
have been assigned to.] 
 
 

Display the nodes (each representing 1 
ESSMA user) in a 2D graph and mark 
(e.g. by colour/shape) by  
In eDSS, not in Dashboard 

 

In the final stages of the development, another content was identified that could potentially benefit users in 

learning from past events (cornerstone 4). Presenting this content would require a change in the ESB that was 

not possible anymore at this stage of the work. We maintain this as a future recommendation:  

Table 7 – Additional content recommendation for the Dashboard 

Info type Source Variables Visualization (summary)  

Evacuation Log 
file 

Evacuation 
DSS  

Each hour, the ESB receives a log file 
from the eDSS, containing:  
 
[Logged events of Evacuation DSS user-
activity (e.g. un-/blocking of edges, 
soliciting evacuation plan, starting of the 

Timeline: Similar to a “wall” in social 
media (e.g. Facebook): a list; newest 
events are added at the top. Content plus 
timestamp.  
 
For SOS-calls:  



RESOLUTE D5.2 Blueprint of user experience and interaction for CRAMSS and apps 

WWW: www.resolute-eu.org  Page 40 of 145 
Email: infores@resolute-eu.org 

evacuation, SOS-call…) with timestamp;  
special event type: SOS-call Location 
data (Coordinates)  
+ type of incident (0;1;2;3;4;5)  
+ Gender (0;1)  
+ age (integer) 
+ timestamp (received) 
+ user id] 
media content: [input forwarded by the 
Evacuation DSS operator: [text (chat) 
message, image, video, voice recording]  
+ timestamp 
+ Location data (Coordinates)] 
 

Needle on map;  
Widget: number of SOS-calls active;  
Widget: New SOS call received. 
 

 

Why isn’t there any alarm mode? 

It is important to note one feature that the dashboard doesn’t have: an alarm mode.  Such an alarm mode had 

initially been planned and it is mentioned in the description of work (T5.2). However, over the course of the 

development, it became clear that that was in the interest of the users to avoid the inclusion of such an alarm 

mode.  In informatics terminology, such an alarm mode would actually be a system state, invoked by an external 

cause, such as an alert signal being received.  

Usability experts, such as Jakob Nielsen (1994) explicitly recommend to avoid the use of modes whenever 

possible, as this avoids mode errors.  Mode errors occur when a user is unaware of the mode being active, which 

means that his input into the system is interpreted differently than when the mode was inactive.  

In the task 5.2 applications, an alarm mode would serve to adapt the features available to the user to the more 

specific needs in the alarm condition. However, this contradicts the resilience philosophy followed in this project.  

Instead of focusing on critical events, users are expected to concentrate on the very same processes necessary 

for system functioning that are present in everyday routine.  Consequently, operators should use the same tools 

under normal conditions and in emergency cases, and they should use them in the same way.  If emergency 

cases are rare, reorganizing the user interface would likely increase operator workload as they are less familiar 

with this user interface than with the one used in normal conditions.  Finally, the Dashboard does not contain any 

data that becomes more or less important in case of an emergency.  The idea behind the provision of this 

resilience tool is rather to make sure that’s important resources can be tracked by the operators at any time, in 

order to prepare for expected or unexpected critical events.  

The same applies, for the same reasons, to the FRAM tool and the evacuation DSS. 

3.5 Design standards 

The ERMG name key standards to be heeded in UI design of the Dashboard:  

1. EN 614 Parts 1 and 2 (Machine safety requirements).  

a. Work task design (EN 614-2) is relevant as through the design of the features and interaction 

concepts of the Dashboard, operator work tasks are being defined. Although the Dashboard will 

fit into a mostly already defined job, the “new” operator job including the use of the Dashboard 

should meet the criteria defined in the norm. Important in this context are, in this order, “over- 

and underload”, “feedback”, “autonomy”, “learning opportunities”, and the “meaningful whole”.  

i. “Over- and underload”: Mental overload is avoided by making the Dashboard 

customizable: each operator configures it to fit his own needs. The FRAM tool 

supports this configuration.  
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ii. “Feedback”: feedback is essential to provide the user with information on his/her own 

effectiveness and a requirement for long-term motivation. The dashboard exceeds the 

limitations of feedback given in the existing system. It shows possible repercussions of 

the operator’s actions.  

iii. “Autonomy”: the GUI is split into widgets which can be arranged by the user based on 

the current needs.  

iv. “Learning opportunities”: through the dashboard, the operator is enabled to learn how 

other parts of the system work.  In the best case, he is able to transfer this knowledge 

to improve his own work. 

2. Control room standards such as EN 11064 – Part 5 mentions quality criteria for control centre 

technology, most of which are applicable – at least to some extent – to the Dashboard. Two of these 

criteria are of particular relevance:   

a. System authority: The human operator always needs to be in (final) control of what is going on.  

b. Memory: The design needs to take the human short-term memory span into account. All 

system processes will be designed in a way that avoids, wherever possible, the use of short-

term memory and ensures that such processes, if they cannot be avoided, cannot lead to 

critical errors.  

3. EEMUA 191 equals EN 62641-9 and particularly defines alarms and conditions from a perspective of 

(electronic) system engineering. 3.8 contains the rationale for the specific alarm design chosen. In short, 

these norms seem to have limited applicability in systems designed for resilience and cross 

organizational corporation. However, alarms need to be designed in a way that meets the users’ 

expectations and fulfils that function of creating the right user awareness. 

4. ISO 6385:2004 (Ergonomic principles in the design of work systems) may be a helpful norm to assess 

the overall working situation around the Dashboard, as a second priority after making sure that all 

requirements of EN 110764 have been respected.  

5. “Staff should be involved in the design process” (D3.5, p. 109). This has been realised by basing the 

development in information collected in workshops and end user interviews, by doing focus groups and 

user testing with the respective end users.  

6. “Monitoring interfaces should be usable in both normal and emergency situation. The CHI design and 

evaluation needs to be conflict free, independent and stakeholder and situation oriented” (D3.5, p. 109). 

7. “Human Factors concerns on human-computer interfaces, contents and dialogues should be set up in 

order to ensure easy, safe, comfortable and efficient interactions avoiding errors or any type of fatigue or 

distraction” (D3.5, p.133).  

Another relevant standard is EN ISO 9241-110; it describes ergonomic principles for the design of dialogue 

systems. The Dashboard is a dialogue system, thus the norm is applicable.  

a. Suitability for the task: the Dashboard is meant for information retrieval, it does not require 

information input except for the special case of the CDM authorizing evacuation and the 

rearrangement of widgets by the user. The Dashboard is suitable for any task to be included in, 

as it can be used or be left alone at any moment, as the operator wishes. 

b. Self-descriptiveness: This is achieved through the application of norms concerning the display 

of statistical information and dashboard design, as well as user testing and making sure the 

terminology used allows for fast recognition of elements and features. Tooltips were added for 

this purpose.  

c. Controllability: As already mentioned, the Dashboard was defined in a way that allows the 

operator to interrupt and resume the Dashboard tasks at any point in time. Providing the UI in 

the user’s language is also commonly referred to as a controllability feature (e.g., Ertl, 2010).  
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d. Conformity with user expectations. This was achieved through user testing and by adopting as 

many commonly known UI conventions from control room design and dashboard design as 

possible. The map, e.g. features controls known from common maps, such as 

“maps.google.com”. Logout and configuration features are found in the upper right corner, as in 

most web-based applications (Google, Facebook, Amazon, etc.) 

e. Error tolerance: All user actions should – based on what is practically possible – be reversible. 

This does not apply to the dashboard, with the exception of the CDM’s authorization process. 

The latter was designed to account for possible errors.   

f. Suitability for individualization: this is attained by following the widget approach, allowing the 

user to create her own user interface.  

g. Suitability for learning: The current design allows the exploration of the existing widgets at will.  

The requirements related to psychological strain in ISO 10075-1, Nielsen’s heuristics for designing dialogue 

systems (Nielsen, 1993) were similarly relevant.  

Furthermore, implications for the design of the Dashboard were deducted from NUREG 0700 (Human System 

Interface Design Review Guideline from the U.S. Nuclear Regulatory Commission, 2002) and Bockelmann, 

Nachreiner & Nickel (in press); these are reported in Table 8: Exemplary selected guidelines for control rooms 

and CRAMSS implications   

Table 8: Exemplary selected guidelines for control rooms and CRAMSS implications 

Guideline(s)  Implications for the CRAMSS 

Consistent interface design conventions should be evident 

for all display features (such as labels). 

design and interaction of widgets should be consistent over 

all widgets 

Information should be displayed consistently according to 

standards and conventions familiar to users. 

The layout and design of the web based Dashboard should 

be in alignment with standards for web page design (e.g. 

login/logout functionality in the upper part of the page; 

scrolling should be avoided) 

There should be an explicit mapping between the 

characteristics and functions of the system to be 

represented and the features of the display representation. 

Changes in the appearance of the widgets should have a 

one-to-one relation with the CI states it represents. 

The characteristics and features of the display used to 

represent the process should be readily perceived and 

interpreted by the operator. 

Icons and graphics should be designed in a way, that the 

operator understands it meaning on first glance 

While viewing secondary (lower-level) displays, a 

perceptual (audible or visual) cue should be provided by 

the system to alert the user to return to the primary (higher-

level) display if significant information in that display 

requires user attention. 

In case of a status change on a basic widget/ window the 

user should be informed, independent of the widgets 

actually displayed 

Displays should contain reference(s) to the values of 

normal operating condition(s). 

The Dashboard should provide clear indicators for normal 

working conditions of any monitored CI and deviations from 

normal mode 

Navigational links to and from high-level and lower-levels of 

information and to reference and supporting information 

should be provided when needed for operators' tasks. 

The Dashboard should support easy switching between 

widgets, e.g. by using back/forward navigation or 

breadcrumb navigation 

The allocation of system components and its visual 

translation in the user interface needs to be clear and 

unambiguous 

The Dashboard should use colour coding to differentiate 

between system components and system conditions. A too 

obtrusive use of colours should be avoided - status 

changes might not be perceivable. Coding of information 

should be multimodal. The usage of colour only might 

exclude user with colour blindness. 
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One should note that this type of design is focused on rule-based risk management systems, not resilient 

systems: “Presentation of alerts should lead the operator through the perceptual (initial detection), decision 

making and psycho- motor (action required) processes concerned with handling that alert.“ (Crampin, 2015).  In 

our case, most operators will not be able to influence the cause of the alert.  And in the case of an alert, each 

operator would be required to do something different.  

For designing the other widgets of the Dashboard, we took specific literature on the design of Dashboards and 

control rooms into account. The relevant standards and findings to this respect are referenced further down in 

sections 3.8.1 and 3.8.2 and thus not repeated here.  

It should be noted here that a living system such as the Dashboard and its back-end modules should be 

continuously updated based on an alarm management concept. Such concepts are, for example, depicted in ISA 

18.2, which complements alarm design recommendations in EEMUA 191 (Honeywell, 2011). The creation of 

such an alarm mangagement process for the Resilience Dashboard exceeds the scope of the project and 

depends on the way the alert system is enhanced in the future, or, for example, how often certain alerts actually 

happen, compared to what is supposed.  

Note that also, these concepts for industrial alarm systems only partially apply to resilience-focused ICT systems, 

such as the RESOLUTE system. While the overall concept still applies, single subordinate methods (such as fault 

tree analysis) have to be replaced by others (such as functional resonance analysis). This could be subject of a 

research of its own.  

3.6 Technical restrictions 

The Dashboard is web-based application to be used on a PC. With respect to UI development, browsers impose 

the following restrictions:  

1. Less screen space available and more controls visible (omnipresent browser taskbar).  

2. Representation of contents may depend on the browser type and version installed.  

3. Widgets may overlap if screen space is limited. Thus, urgently relevant information needs to be 

displayed in a way that it will always catch the user’s attention.  

As written in the Grant Agreement, the Dashboard builder was used to implement the Dashboard. This meant that 

we had to use the widget-structure, which was desirable anyway based on the above named user requirements.  

3.7 User interface development process 

As a first step, we conducted focus group discussions with operators and other area experts in order to find out 

which information should be displayed in the Dashboard in in order to support the decision-making processes of 

the individual actors and how this information should be provided to them. This refers to the format of display, 

such as tables or graphs.  After that, we conducted the user test with the first prototype. Then we improved the 

design according to the results and conducted a second test, resulting in yet another round of improving the 

designs.  

In the first user test, dashboard and evacuation DSS were still one single application and thus tested together.  

Here, we display the results of this test.  

It is exactly the complexity of the processes involved in resilience that in the end made the application of scenario 

approaches almost impossible. The number of possible scenarios in which the Dashboard is going to be used is 

enormous, as it comprises all use cases of all related control rooms. And the relevance of the scenario is limited. 

There are only these main cases:  

1. The operator is idle and following the development of relevant variables on the Dashboard 
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2. The operator is engaged in an activity and passes by the dashboard in order to collect some additional 

information.  

3. The dashboard alerts the user, and there is a parallel alarm on the user’s main device.  

4. The dashboard alerts the user and there is no other alarm.  

It all cases, the only relevant criteria are the best presentation of information for a most efficient uptake and 

ensuring that the dashboard’s alarms were not interfere with the operators main tasks. This corresponds to the 

High Velocity Human Factors (HVHF) criteria:  

• to perceive the currently most relevant information,  

• to comprehend this information, and  

• to see the connection of this information in the context, to infer from this mental model what is about to 

happen and what could be done.  

The Dashboard is meant to include different sources of information, which may even change after the conclusion 

of the project. New sources of information or algorithms may be added to enhance the reliability and usefulness 

of the Dashboard. Hence, it was necessary to create a short style-guide that can easily be applied by the 

developers of such new functionalities. The style-guide ensures the learnability of whatever is added.  

3.7.1 The focus groups 

Preparation  

A standardized instruction was created to be followed in all focus group discussions.  An informed consent form 

was created and signed by all participants. 

Overview  

The focus groups were conducted during the resolute workshop in Athens. Participants were firefighters, police 

officers, control room and metro employees, officers and experts on security, engineering.  We conducted five 

parents focus groups, in each of which 10 to 12 participants and the instructor discussed requirements of the 

CRAMSS.  Most of these requirements relate to what now is the Dashboard. 

How to interpret the results   

This document sums up what users said they would like to have as information to aid them in their daily work, 

particularly in decision making in critical situations. While interpreting these results we needed to consider:  

• Not every piece of information may be equally important to the users, or not even helpful at all. These 

are rather “wishes”, than confirmed “requirements”.  

• The CRAMSS is meant to promote resilience. Many users in the focus groups are focused on critical 

events / emergencies and procedures. We needed to find a balance between what they say they need 

and what the resilience approach would demand us to show.  

• Users answer as individuals. The CRAMSS is meant to provide information that is relevant to all its 

users. The CRAMSS should not provide information that would actually have to be provided rather by a 

particular tool, e.g. in the command central of fire fighters.  

Athens Focus Groups - results 

What information is needed? 

Scenario: The participants were mostly thinking in terms of emergency scenarios (e.g. fire in the metro station); 

however, some of the information also relates to non-emergency preparation.  
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[*** = high priority; ** = medium priority; * = low priority] 

1 Different information according to roles (command and control, people on the scene..) 

2 Same system with different credentials / user access that gives information regarding confidentiality,  

Different access 

1 Information about the critical event 

a. Location of event*** 

b. Time of critical event, recovery time (estimate / time of arrival of units)* 

c. Type of event, further information (direction of fire (in a tunnel), Special circumstances (e.g. 

hazardous materials, etc.)*** 

2 Position, number, type, condition (operational readiness), general and contact information of: Ground 

units (/civilians): 

a. Emergency medical services / Firefighting [Position of ground staff possible]** 

b. Police ** 

c. Persons in charge (liaison officers / water supply / manager of each station/scene): position and 

Contact information, incl. VHF channel* 

d. Utilities repair units* 

e. Passengers/ civilians: position, number (in system /train estimate according to peak / off-peak 

time), Condition: condition of injured people (can they still walk?), number of passengers 

/trapped, injured, passengers with special needs (e.g. wheelchair etc.)*** 

3 Information on the status of urban systems and general information 

a. Traffic information (public transport), possible indicators: passenger volume (planned vs. actual; 

on which relations is reduced service; delays)*** 

b. Alternative transport means* 

c. Traffic information (individual traffic)- position, direction, congestion, quickest route to arrive to 

location [planned]*** 

d. Utilities, hospitals, etc. (position, kind, operational readiness, contact information)** 

e. Station Specific information: ventilation, Temperature (from temperature sensors in stations in 

case of fire etc.)* 

f. Electricity supply in and around the station(s). Available from the grid-operator. (Resolution: 

This part of the city is “on” or “off”). This is currently not available but reasonable to expect in 

the future. ** 

g. Access to camera surveillance (stations and trains, surroundings), live and also recordings 

(requested by police and control room operator)* 

h. Meteorological information [planned]** 

i. General information about Stations: floor plans / escape plans / fire systems of station / rescue 

ways / exits / shafts of tunnel, diagram or topographic visualization of all the underground lines / 

3D-building-visualization* 

j. Commonly agreed procedures* 

k. Statistical data from past events (location, type of events: “What went wrong in last operations”. 

“Where and when are repetitive events [heart attack of older persons, etc.] most likely to 

happen”?) [Currently difficult as the police are not partners]. However, a feature for marking 

incidents could help. * 

l. News updates: Where are strikes / gatherings / marathons / … happening in the city?*** 

m. Social networks analysis (Facebook, Twitter), Pictures or videos uploaded by users on site. 

Validity /reliability of information provided [question: how to filter this information; how to show 

what’s relevant?]** 
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b. Operational level: this is where the Dashboard (or other CRAMSS instantiations) should reside. 

Here, people could get a broader picture of the situation, using the Dashboard.  

c. Tactical level: “station master” (at each station in the UTS; 8-hour-shifts). Very procedurally 

organized.  

Which information should be highlighted or prioritized? 

• Event:  Type, Location, time,  

• People in danger: location, number and condition (can they walk?),  

• Rescue forces: location, number, and condition(operational readiness) 

• Exits of station 

Which notifications and in which format/modality? 

• By voice (verbal / different tones for different incidents) 

• Banner at the top of app, with a yellow background etc. 

• With an acknowledgement button. (Tone repeated in different variation (like an alarm) until 

acknowledged)  

Other possible purposes of the Dashboard  

• Public servants sometimes do not take decisions that would apparently be correct, just because they are 

scared to do something out of the protocol, as they might be held responsible. Legal issues are out of 

the scope of the Dashboard. Nevertheless, the Dashboard may help individual actors understand the 

consequences of their decisions, and also to make possible legal issues visible.  

• Communicate incidents to the societies. From operator to citizens. E.g. when detecting smoke / fire in a 

station: inform all citizens that the station is getting closed – divert traffic and citizen movement.  

CdF requirements 

The City of Florence has provided additional information that serves similar as an input to the focus groups and 

that is repeated here, in order to have all user “wishes” or “requirements in one place:  

What operators of the civil protection in Florence are currently missing is (as examples):  

• real time info from traffic supervisor 

• info about people positions and trajectories (via connection to the municipal Wi-Fi) 

• main public events 

(Note: this list is not exclusive. While the former three were emphasized by CdF, others were also found to be 

important, such as: level oft he environmental sensors, level of the rivers, UTS related events like car accidents, 

yards, etc.). 

What is already included in the CP but needs to be improved? 

• coordination with other authorities (specially with public utilities) 

• cooperation with experts from the academic, industrial world 

• access to historical data 

We used this information to compare it to the results obtained in Athens and thus to understand what are 

common priorities across the pilot sites.   
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Figure 4 – Dashboard screen from the mock-up used in the first user test 

Procedure. We created a test instruction to guarantee standardized conditions.  Participants were given 11 tasks 

to be completed using the prototype.  In some cases this task consisted only in finding a certain information.  

Especially these tasks related to what later became the Dashboard.  When participants got stuck and would in 

real life have abandoned the task, they could ask the instructor for the next step.  After each task, the test 

instructor interviewed the participant to get insights about the encountered problems or inconsistencies.  Each 

test took between 20 and 40 minutes.  The sessions were video recorded.  

Analysis. We performed content analysis methods on the videos.   

Results 

The following usability problems were identified:  

• Starting on the Dashboard, some users had difficulties finding the map (see Figure 4.)  

• Some users had issues finding the weather forecast, the problem was switching back to the dashboard. 

Users got stuck in the map view.  

• Users had difficulties interpreting the social media analysis (twitter vigilance graphs).  

• 33% of the users could not find the timeline, which at this point was meant to be a log.  

Based on the test results, we deducted the following recommendations that apply to what now is the Dashboard.  

• Dashboard should not be the opening page 

• Add redundant navigation elements (arrows) to make changing between screens easier. Chose a 

different design for the navigation bar.  

• Social media analysis should provide a summary, e.g. of most used hashtags, that is easier to 

comprehend 

• messages should be combined with contacts ; general notifications, news should be together with social 

networks, timeline 
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3.7.3 The second user test and iteration 

Objective 

The second usability test of the Dashboard continued the iterative process of developing and optimizing the UI 

Design.  The objective was to gather qualitative data that could be used to further improve the design of single 

widgets, as well as the Dashboard’s overall layout.  

Methods 

Sample. 10 participants took part in this UX study. All participants were possible future users, employed by the 

police, Metropolitan Authority, Civil Protection, and transport companies of Florence, Italy. Recruitment was 

arranged by the project partners from the City of Florence. All participants were Italian and male. A translation 

help was used in the case of language barriers, as not all were fluent in English.  

Click dummy (Stimulus).  As in the first test, we use the medium-fidelity mock-up in the shape of a presentation 

shown on a laptop screen. The mock-up of the Dashboard provided access to different features, including a 

notification bar, a map, an alerts / critical events list, timeline, planned events list, local weather, local twitter 

analysis, a contacts list, parking and train status. 

Procedure. We created a test instruction to guarantee standardized conditions. The test tasks consisted in 

looking at the Dashboard, explaining what type of information they found there, and pointing out what was difficult 

to understand. The participants were invited to the Commune di Firenze offices in Florence and greeted by the 

staff. Prior to taking the test, participants signed the informed consent and nondisclosure forms, and were asked 

to help improving the design of the prototype by thinking aloud while using the prototype and doing the tasks. 

Participants were reassured that the test was about the user interface design and not about their performance. 

The study was video recorded for later analysis.  

Analysis. The thinking-aloud remarks of the users as well as their behaviour while interacting with the prototype 

were analysed qualitatively and quantitatively during the study and afterwards using the video files.  

Results 

The following usability problems were noted by at least one user: 

• Timeline, tramway colours not clear 

• Timeline, events not clear 

• Parking, tram stations: should be detailed and on map; notification sound, road signs 

• Twitter not clear, too much information 

• Notification bar not noticed;  

• Contacts should connect to timeline;  

• Alerts not clear 

• weather stations not clear 

• Notification bar not noticed 

• Map legend missing, details on map (parking), weather on map, point on map at emergency,  

• Notification bar should be more prominent (flashing) 

• Notification bar – should be blinking, red 

• The messages sent by different people are not clear. 

• The colours may be confusing in the stops.  

• The goal of the dashboard is not clear. 

• The dashboard is too crowded.  
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Seven improvement potentials for the Dashboard were identified:  

• Differentiation of the Alerts/warnings list (critical events), DSS events and/or the Timeline.  

• Alerts list: Reducing the severity levels to 4 and removing the circles.  

• Adjusting the size of the boxes and minimizing. 

• Click event - zoom on map 

• Events – “taking care of” / “mute” / “read” button should be added 

• Critical events – open a suggestion window 

• Notification bar was not noticed 

3.8 Blueprint of user interaction & experience 

Deliverable 4.2 contains an extensive list of available data.  From these types of data, we selected those for the 

first implementation of the dashboard that seem to be useful for a majority of operators, based on the results of 

the focus groups and our own reasoning concerning resilient cities. 

The Dashboard is an additional system added to control rooms. Consequently, all data made available in the 

dashboard should be meaningful for a majority, if not all, operators that will have access to the Dashboard.  

Further down, but provide a short guideline that guarantees the scalability of the dashboard: it helps to include 

new contents at a later stage, if such contents meet this criterion of being important to more than just one specific 

operator. If a certain type of data seems to be particularly important for one operator, it is rather recommendable 

to include it in his main system, thus giving it a priority of perception. 

3.8.1 A design guideline for the RESOLUTE data 

For the development of our implementation proposals for the widgets, as well as the general layout of the 

Dashboard and the guideline for introducing more widgets in the future, we mostly relied on the work by Few 

(2004b) and we also relied on other publications with a similar scope (Opto 22, 2013; infoComm 2005). Such 

publications usually contain design criteria for information output and for input. The Dashboard does not allow for 

input, at least not in the sense of handlers that are usually found in control rooms. Thus, only the output-related 

guidelines are applicable here.  

Choosing an optimum form of representation of data in a dashboard is a complex task. Even extensive literature 

(e.g. Few, 2004b) does not give clear indications only based on the type of source data. The best way of 

representing data for a user depends on the task that the user has to complete based on the data. Most 

dashboards are developed for one specific user role within limited and known variety of tasks. The main technical 

difficulty in designing single widgets for the Resilience Dashboard lies in the fact that it is going to be used by a 

multitude of users, each of who has totally different tasks and background knowledge.  One way to address this 

issue could be to provide the same date in different formats and have the user chose the format it fits her 

purposes most. The disadvantage of this approach is that it partly transfers of workload and responsibility to the 

operator.  Another approach is choosing the design that is most likely to fit the majority of users. 

The most common example, which is also quite relevant for the type of data collected in RESOLUTE, refers to 

the question weather data should be displayed in the shape of the table or a graph.  Research (e.g. Gelman, 

Pasarica & Dodhia, 2002, p. 122) has shown that users can more efficiently retrieve single values from a table, 

while graphics such as bar charts offer a more efficient manner to compare values to each other. Although we do 

not know how individual operators intent to benefit from using the dashboard, it is likely to assume that with 

respect to most of the displayed variables that represent the state of certain processes or outcomes within the 

urban transport system, they would either be interested in knowing if the current value is close to the usual or 

expected value or if two values match, such as the number of hospital beds required vs. the number of hospital 

beds available. Displaying absolute numbers in a table format would therefore in most cases only be beneficial 
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when displaying relevant numbers for comparison next to it, or when the absolute number itself contains all the 

information required in a certain moment. This would be the case when there is a commonly known threshold.  

The guideline lists types of data and recommends the representation format for each of these.  

3.8.2 General style guide for adding more data  

If in the future, more information is to be made available for the dashboard, the following guideline is intended to 

help choose the correct representation of such information. 

Table 9 – Guideline for adding Dashboard widgets 

Data family Data type Examples Representation format 

Geolocalized 
data  

Static 
patterns 

Risk maps; 
traffic density 

colour-coding on the map. Use standard colouring (e.g. red for 
danger or high concentrations).  

Geolocalized 
data  

Dynamic 
patterns; 
Sensor data 

traffic density, 
air quality 

colour-coding on the map. Use standard colouring (e.g. red for 
danger or high concentrations). 
If the information refers to map elements (e.g. nodes, arcs,), a 
table is possible. However, the table should be linked to the 
map to easily identify the location.  

Geolocalized 
data 

Points of 
interest – 
context info 

Schools, Bus 
stops, 
(transient or 
recurrent) 
events 

Symbol on map that does not scale when the user zooms in or 
out. Context menu opens on click of the symbol.  
If the information refers to map elements (e.g. nodes, arcs,), a 
table is possible. However, the table should be linked to the 
map to easily identify the location. 

Geolocalized 
data 

Moving 
objects 

People, 
vehicles  

Symbol on map that does not scale when the user zooms in or 
out. Context menu opens on click of the symbol. Stationary 
symbols and moving objects should be distinguishable by icon 
type (e.g. 2D-icons for POIs, 3D-icons for moving objects or 
agents).  

Non-
geolocalized 
data 

Percentages,  
probabilities 

Rain 
probability, 
parking spaces 
occupied 

Display the percentage as a number, together with a graph for 
quicker comprehension:  

 
Non-
geolocalized 
data 

Profiles Events To represent items each of which is described by several 
variables, a table may be the most adequate format.  This is 
particularly true, when it is not clear from the beginning which 
variable is used for comparisons.  Table should be sortable by 
columns.  Each item/profile should be a line, each variable a 
column. Long tables should have a search feature. When 
possible, include a timestamp to sort by date and time.  

Non-
geolocalized 
data 

Absolute 
values and 
thresholds 

Trigger criteria, 
water level 

If an absolute value comes with a threshold, or various 
thresholds, then a gauge the best option.  Thresholds should 
be marked outside the area that may be covered by the 
indicator.  
 


























































































































































































