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ABSTRACT 

This thesis describes the design and development of a prototype geocollaborative Web 

portal designed to aid in emergency crisis response. A review of relevant literature and 

disaster scenarios aided in designing key system requirements and feature specifications. 

A prototype was then developed using the Macromedia Flex rich Internet application 

environment. A heuristic evaluation, coupled with discussion with users from a variety of 

backgrounds, helped to inform development of a second version of the prototype, 

consistent with user-centered principles.  

The work described herein contributes to the field through its focus on 

identification of system features and tools, a prototype design made available to the 

public, adherence to key usability heuristics, analysis of experimental data by user type, 

and the use of Macromedia Flex for novel GIS-powered applications. 
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Chapter 1 
 

Introduction 

The need for collaboration between emergency crisis management personnel is becoming 

increasingly apparent. Catastrophic events such as the September 11th attacks, the Indian 

Ocean tsunami, Hurricanes Katrina and Rita, the Pakistan earthquake, and the mudslide 

in the Philippines have killed hundreds of thousands of people and left countless more 

homeless. Although early warning systems could have been effective in some of those 

cases, in many cases there is insufficient time to evacuate a large number of people. 

Instead, most relief comes in the crisis response phase, when workers from local, 

national, and international agencies come together to provide food, housing, and other 

logistical services to the affected area. Because the time immediately following the 

disaster is of critical importance, these response teams must be able to form quickly, 

understand the problems and issues that emerge rapidly, work effectively, and disband so 

that they can move on to the next emergency area.  

Crisis planning and response is a high-stakes activity, but recent developments in 

information, communication, and collaborative technologies (ICCTs) allow us the 

opportunity to support personnel and teams in emerging situations. Two complicating 

factors, however, are the complexities and stresses associated with utilization of limited 

resources in a dynamic change situation. These events and situations require individuals, 

teams, and teams of teams to develop rapid understanding (often referred to as common 

operational picture) and assess actions, because information can frequently overload 
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personnel with many choices. Technological solutions can aid decision makers in 

integrating textual, spatial, and temporal representations of information. The goal of this 

project is to combine existing ICCTs in a user-centered, adaptable way so that it is fully 

embraced by users, practitioners, and personnel.  

The objective of this thesis is to propose and evaluate a geocollaborative Web 

portal (GWP) that would address problems and issues pertinent in emergency crisis 

management and disaster management situations as outlined above. The GWP is intended 

to allow emergency crisis management personnel to operate together from anywhere in 

the world. It is a map-based system that could draw together real-time data on weather, 

traffic, shipments, personnel movement, and other tools useful in, say, evacuating an area 

affected by a hurricane, into a unified interface. More importantly, it provides a number 

of tools that allow personnel with different areas of expertise to look at the same data and 

share their perspectives via annotations, messages, real-time chat, and several other tools. 

They can do this either synchronously or asynchronously.  

Of course, the design of such a system is a challenge. With so much data available 

to users, one has to be aware of the risk of information overload (O’Reilly, 1980), which 

can lead to paralysis by analysis. At the same time, it is important not to present too little 

information, or else the system is of little value. It’s also difficult to know areas where 

collaboration between users makes sense and when it just gets in their way. What’s more, 

the design must be usable for both expert and novice users, because the makeup of 

response teams is ever-changing and it would be impossible to provide extensive training 

to every individual that would ever use the system. In summary, the design of user-

centered tools and systems that support crisis workers in difficult situations can be 
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informed via the literature in diverse areas such as human-computer interaction (HCI) 

(Card, Moran, and Newell, 1983; Hollan, Hutchins, and Hirsh, 2000), computer 

supported cooperative work (CSCW) (Schmidt and Bannon, 1992; Carstensen and 

Schmidt, 1999), cognitive systems engineering (CSE) (Rasmussen, Pejtersen, and 

Goodstein, 1994; Hoffman, Klein, and Laughery, 2002) and of course emergency crisis 

management itself (Boin and Lagadec, 2000; Rosenthal and Kouzmin, 1997).  

Follow the review of relevant literature, a Macromedia Flex-based prototype was 

developed that mimicked the features and analytical tools of the completed system. To 

ensure that the design was not merely an academic exercise that did not meet real-world 

demands, a heuristic evaluation with domain experts was conducted. A heuristic 

evaluation is a “cheap” way of finding usability problems in an interface that allows the 

developer to quickly correct these mistakes. Non-experts were also included in this 

evaluative step so that a full range of user expertise levels was represented. The heuristic 

evaluation was helpful in looking at what was present in the prototype, a post-experiment 

questionnaire was conducted to learn about what was not present and should be explored 

in future work. This thesis also describes how to extend the evaluation of the GWP using 

NeoCITIES, a simulation that provides a numerical analysis of a team’s ability to work 

together to solve a resource allocation problem like those encountered during hurricanes, 

disease outbreaks, or even while conducting routine commercial business. The GWP was 

designed with natural and man-made disaster management tasks in mind, but it is general 

enough that it could be used by shipping and trucking companies, other government 

agencies, or any individual, group, or organization that works with geographic data. 
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Organization of this document 

The next section will provide an overview of the literature discussing past and 

current work in this area. Because geocollaboration is a relatively new area of research, 

Chapter 2 will present a broad overview of the research foci that composed the basis of 

this development work. This includes areas such as knowledge sharing, workspace 

awareness, the nature of emergency crisis management, geospatial databases, and Web 

services. Gaps in the current literature will also be discussed. Chapter 3 will then describe 

several extant tools and applications that are related to the current work, and describe the 

ways in which they differ from this thesis’s goal. The approach to meeting those design 

goals, namely the heuristic evaluation of a prototype design, is described in Chapter 4. 

Chapter 5 provides an analysis of the results of the evaluation, and I also describe the 

limitations of my experimental design. Concluding remarks, along with proposed future 

work, are described in Chapter 6. Chapter 7 contains references to relevant literature.  



 

 

Chapter 2 
 

Literature Review 

An inspection of relevant prior literature was conducted to determine the best way to 

proceed with the design of the prototype GWP. Developing a fully implemented system 

in the real world, one that is used regularly by real people, is a vast undertaking that 

requires understanding of technology, team cognition, knowledge sharing, and many 

other cognate areas. In many ways, this is a highly interdisciplinary project that can only 

be truly successful if designers are aware of more than just Geographic Information 

Systems or the newest theories of collaboration. Instead, a tight coupling of many related 

and not-so-related concepts is needed. The assumption for this thesis is that perceptually 

anchored, visual environments offer opportunities to socially construct knowledge which 

can enable sensemaking to deal with emergent situations. This literature review was 

designed to provide this necessary background information. 

The GWP is intended to solve very specific, real world problems. Because of that, 

this chapter is written in a problem-focused way that presents research areas, problems, 

and proposed solutions that are organized into three broad groupings that are all 

appropriate for the context of humanitarian crisis management – information, people, and 

technology. The goal is to take the solutions discovered in the literature review and roll 

them back into the design of the prototype GWP, as well as to provide recommendations 

for future work on the system. “Information Focus”, the first section, addresses problems 

such as determining what information is needed, how best to present information to 
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people, and what information system requirements are relevant. “People Focus,” the 

second section, covers areas such as situation understanding and awareness, user roles, 

and the ability of people to combine information from multiple sources. The last section, 

“Technology Focus,” is far less theoretical than the other two. It concerns more low-level 

technological matters that actually facilitate the development of the GWP. 

The three foci emphasized in this review exert a constant pull on each other, and it 

is the interplay between them that presents the most interesting research questions. The 

College of Information Sciences and Technology uses this concept to organize many of 

its research efforts. Figure 1 illustrates the relationship between areas of the studies 

presented herein. Clearly, some papers are more multidisciplinary than others, but a best 

effort at developing a clear trichotomy was made. 

Information Focus 

The GWP is a tool that allows users to access multiple sources of information 

(maps, databases, documents, and even other users) to reach effective decisions. 

Information lies at the heart of the system, and thus it is important to look at information 

first. This section explores problems of geospatial analysis, converting data into 

 

 
Figure 1: The I-T-P Triangle 
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information, gaps in information, complex user requests, providing complete information, 

and decision support. The work described herein contains not only descriptions of 

problems, but also potential solutions that can be integrated into the GWP. 

Denisovich (2004) reports on weaknesses in current analytical systems for 

geographic data. In particular, he describes how ideas and knowledge can be isolated 

within a user’s mind, which leads to a reliance upon an individual to memorize, analyze, 

and apply knowledge gained during system interactions. His approach offers a way to 

represent observations, ideas, and knowledge in a format that can be stored and 

transmitted as system snapshots or containers. These representations can be annotated, 

queried, or linked to other documents that may help to explain them. His solution is a 

system for automated annotation, based on user actions, which is believed to be an 

indication of the user’s idea/mental model. Stored metadata could include type, 

importance, and area of objects of interest. This idea could be extended to include 

collaborative elements such as social network links and concept maps. 

The GeoBrain system (Di, 2004) is designed to automate the transformation of 

geospatial data into information and knowledge. Although it is designed for a specific 

domain (NASA’s EOS data), it presents an efficient tool for bypassing multiple steps in 

data discovery, access, and integration, giving users access to petabytes of information. 

Data is drawn from NASA data pools primarily, passed through a number of filters, and 

then presented to the client in a number of community-defined formats. Like other 

systems, GeoBrain is built upon the idea of modularity and extensibility. More unique are 

the foundation concepts of the geo-object and the geo-tree, which represent a “granule” 

of geo-information and a structure detailing a process workflow, respectively. These 
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ideas combined provide for the implementation of intelligent services and service chains 

which can be used to complete larger tasks.  

While Denisovich looked at the individual level of analysis and Di (2004) at the 

computing system, King (2005) increases the scope to that of the organization. 

Information needs vary both between humanitarian aid organizations (horizontally) and 

between individuals (vertically) within those organizations. According to a knowledge 

map developed by the author, aid organizations require information that can be used to 

answer situational, operational, background, and analytical questions. Answering these 

questions is not easy, of course. The complex, multi-sectoral, multi-disciplinary nature of 

emergencies leads to constantly changing, incomplete information. Even when data is 

available and relevant, it is often only an estimation based on sampling or extrapolation 

of previous statistics, or worse, made intentionally inaccurate for various political 

purposes. Thus, King emphasizes the importance of tacit knowledge, which is based on 

collaboration and field expertise of the system users. Humanitarian knowledge 

management is offered as a potential way to overcome gaps in humanitarian data, 

because it is based on collaboration as a way to capture and share knowledge. Sharing 

critical information reduces duplication of effort and provides a common knowledge 

base. King provides a number of best practices (such as conducting an assessment of 

information needs, visualizing data and relationships, and using virtual collaboration 

networks) and solutions for the implementation of a humanitarian knowledge 

management system that are designed to improve the speed of identification, collection, 

analysis, and dissemination of critical information. The GWP fits strongly into this 

model. 
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Although their work differs in several ways from that proposed in this paper, 

MacEachran et al. (2005) present a number of relevant findings from their development 

of a multimodal system to support collaboration using geospatial information. Their goal 

was to enable rich human-computer interaction (HCI) using layered maps, a large screen, 

geographic information system (GIS) tools, and map-mediated dialog between physically 

co-located users. They describe several versions of an extant system used to reach this 

goal, as well as the need for a semantic framework for geospatial information dialogue. 

The GIS system developed for this project is called Dave_G. Its design was informed 

through knowledge elicitation sessions with domain experts. From this user-centered 

approach, they learned that real user requests are complex and difficult to specify in one 

utterance, even a multimodal (using gestures, speech input, etc) one. The challenge for 

the current project may be to overcome many of the disadvantages the DAVE_G system 

has, such as the ability to target the same gestures to both the computer and human 

collaborators, yet still provide the same amount of information. This work will become 

relevant to future iterations of the GWP as it moves from a traditional GUI Web-based 

application to one that is designed for PDAs and other mobile devices, or perhaps even 

for control centers where users can have face-to-face interactions. 

Maxwell and Watkins (2003) present an area of distinction between some real 

world usages and the scope of the proposed system. They describe weaknesses and 

opportunities in the use of humanitarian information systems (HIS) in the Greater Horn 

of Africa region, where it is impossible to differentiate between one-time disasters such 

as hurricanes and the results of long-term problems such as chronic poverty. A detailed 

set of minimum HIS components, as well as the links between them, is provided based on 
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previously published literature. Incomplete information in previous incidents is 

highlighted via several case studies, revealing problems in linking humanitarian 

information to response mechanisms. The authors’ HIS solution is unique in its 

incorporation of seven system components designed to provide complete and accurate 

information. Their design framework provides valuable guidelines for dealing with 

chronic conditions, but the lessons drawn are equally applicable to “shock events” such 

as natural disasters. Hopefully two features of the GWP – namely the Projects-based 

information architecture and the integration with concept maps – can help to overcome 

these problems. 

CEMPS (Pidd et al., 1997) is an example of a secondary type of application which 

the GWP could support. The Configurable Emergency Management and Planning System 

(CEMPS) is a prototype decision support system that can be used to solve the problem of 

comparing alternative emergency evacuation routes. The system is based on a 

commercial GIS product with an added simulation layer, though it is not difficult to 

imagine Maxwell and Watkins’ HIS being incorporated into it. Objects such as Vehicles 

and Locations are sub-classed (into cars and roads, for example) in order to simulate the 

movement of a number of entities from starting locations to points of safety in a micro-

simulation which keeps track of detailed movements. CEMPS allows users to monitor 

vehicle evacuations in real time and decide upon the best course of action. It also 

facilitates the analysis of the quickest routes between shelter destinations and querying 

traffic loads on a selected roadway. The models which govern vehicle movement in 

CEMPS have not been validated (indeed, some argue it is impossible to definitively do 

this due to the complexity of the situation) although the authors state that the system was 
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not designed to become an immediately usable product. Nevertheless, CEMPS offers 

attractive tools both for planning for and dealing with emergency evacuations and may 

one day prove to be a valuable addition to the GWP.  

Rinner and Jankowski (2002) write about Web-based GIS systems and how they 

can be extended to include decision support tasks. Beginning with a discussion of both 

server- and client-based GIS systems, the authors move on to describe the benefits of 

hybrid approaches which combine computation occurring on both ends. They then 

describe the set of mandatory features for any spatial decision support system that would 

be built atop a GIS. These include the ability to find and display a large number of 

decision alternatives and also to support more than one decision maker in a collaborative 

fashion. The authors also describe the importance of profiles for evaluation criteria, not 

unlike what Mountrakis (2005) proposed (see below). As Rinner and Jankowski point 

out, there already exist numerous real-world applications that handle some of the three 

basic tasks of decision making, namely discovering the need for a decision, creating 

alternatives, and making a decision. The need remains for a tool that offers full Web-

based spatial decision support, and this is a clear area of future work for the GWP. 

Getting information to users is ostensibly what the GWP is all about. A more 

nuanced analysis, however, reveals how issues including the type of information to be 

delivered and the form in which it presented can be often be unexpectedly challenging. 

The work described above offers some solutions to the many problems encountered. The 

ultimate test of these solutions is how well they work when the information is given to 

and acted upon by users, the real-world people who have to make real-world decisions. 



12 

 

People Focus 

The work described above highlights many of the most important information 

needs of the GWP, and ways that it can provide the right information to the right people 

at the right time. This section covers what happens once that information arrives on the 

computer screen, when people have to deal with it to make decisions and take actions. 

Helping people make sense of information is in some ways a larger, more difficult task, 

but it is one that has been approached from many angles by many researchers for many 

years. Below are some of the papers that best embody the problem-focused approach that 

is most helpful to the development of the GWP. 

Emergency crisis management is focused on dealing with some situation, where 

there are a limited amount of resources to deal with some specific problem (or, as is more 

often the case, some larger number of problems). Situation understanding for 

humanitarian assistance/disaster relief lies at the heart of the GeoWorlds project 

(Coutinho et al., 1999). The GeoWorlds application includes tools for displaying, 

analyzing, and referencing both geographic and documentary information. A 

collaborative framework allows for synchronous and asynchronous marking, annotating, 

and editing of information. Of particular interest in the GeoWorlds architecture is the 

ability to add various components via an API (Application Programming Interface), such 

as a customized repository, document characterization, and a “processing-extracting-

piping” class for analyzing and passing information to other components (for example, it 

could parse a document for references to specific locations and then pinpoint those 

locations on a map). Additionally, information in the system can be organized into 
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clusters of related topics. Not unlike WMS, GeoWorlds is built upon well-established 

commercial and open-source tools, such as ESRI’s ArcView for data requests, VRML for 

terrain visualization, and DASHER for document management. These tools are combined 

to help in scenarios such as the release of toxic gases in populous areas. Although 

GeoWorlds is primarily an initial experiment, it offers useful ideas for the construction of 

a geocollaborative tool. 

A 2005 report on information-seeking habits by emergency response personnel 

(Gu 2005) presents several intriguing findings that can be used to inform 

geocollaborative information system design. By looking at decision support (whether or 

not groups had access to a computer-based decision tool) and member expertise variables 

in an experimental simulation, the researchers were able to isolate how information-

seeking behavior is affected by the environment. Groups lacking decision support 

performed more searches for information known only to a few users (“unique” 

information), and novice personnel performed more searches than did experts. Given 

these results, information systems (such as GeoWorlds) should monitor and adapt to 

information needs as various tasks are accomplished. Secondly, when groups are under 

severe time pressure, unique information is of the most value and thus should be 

highlighted but often is not (for more information on the impact of these hidden 

knowledge profiles which can decrease team cognition quality, see Jefferson et al., 2005) 

Third, systems should be aware of the tasks users are assigned and alert users when these 

change, as well as filter these alerts in ways that ensure that each group member receives 

only the information that is of the most value to him. 
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Gutwin and Greenberg (2004) observe that “for people to sustain effective team 

cognition when working over a shared visual workspace, our groupware systems must 

give team members a sense of workspace awareness.” Workspace awareness is the real-

time understanding of what others do in the workspace. Systems lacking this awareness 

can become “awkward, inefficient, and clumsy” because participants are unable to 

discuss particular objects, monitor each other’s activity, or make predictions about what 

others will do next. This idea of workspace awareness extends the theories of situation 

assessment and situation awareness (Endsley 1995), because the “situation” is in fact the 

other team members. A deficit in workspace awareness can lead to missed collaborative 

opportunities and unnecessary disruptions of team members. 

A shared workspace is both a manifestation of the team’s work effort as well as 

an “external memory” for the team where information can be stored. The 

geocollaborative system described in this thesis will serve both of these functions (the 

idea of an external memory is itself based on Wegner’s 1986 transactive memory theory). 

Gutwin and Greenberg’s work differs from the proposed design in a few key ways. Their 

focus is primarily on small-group collaboration, though the lessons have applicability to 

larger systems such as the one in question. Secondly, their framework describing the 

elements of workspace awareness relates primarily to current activities, whereas in this 

paper we are also concerned with an archive of past events. We will see, however, that 

other papers have used the framework in both tenses. 

One of the most important tools used to maintain workspace awareness is 

feedthrough, which according to Gutwin and Greenberg represents an expansion on the 

minimal feedback given by other users’ button clicks, menu selections, etc. For example, 
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animation or sound may be used to draw one user’s attention to tasks being performed by 

another. Other techniques combat the “visibility problem” that occurs when the 

workspace is larger than the screen. The radar view, over-the-shoulder view, and 

cursor’s-eye view help to increase awareness when two people have different views of 

the workspace. Gutwin and Greenberg provide experimental results showing that the 

radar view, with its view of the workspace in miniature, provides significant advantages 

in many collaborative tasks. Multiple view perspectives can require an unnatural 

cognitive integration, though, requiring additional processing by the user to make sense 

of things. 

Working under the assumption that effective preventive planning can minimize 

the consequences of adverse events, Jolma et al. (2004) present an overview of the 

emergency services planning process used in Finland, as the country has made significant 

progress in the areas of data collection, digital databases, and information organization, 

making it a model solution. In particular, their system is predicated on the idea of area 

classification based on assessed risk and levels of service required for those areas. Spatial 

analysis is used to create these area classifications. Critical city safety information is 

stored for each area, including data from the new national digital street and road database. 

The designer’s view of the planning system is particularly project-oriented, and these 

projects impact both strategic processes and operational control at a technical level. 

Although the planning system is a closed, expert tool, visualization is identified as an 

area of important future work, for example allowing simultaneous viewing of alternative 

courses of action. Still, the authors conclude by saying that risk analysis is in many ways 

a qualitative problem that has strong institutional foundations, one of the main hurdles 
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that successful GWP deployment will have to overcome, and one that is outside the scope 

of this thesis. 

GIS systems are being employed for increasingly diverse ends, even within a 

single country as discussed above. For example, a surveyor and a meteorologist have 

differing interests even while looking at the same map area. Mountrakis et al. (2005) 

propose a solution: a system of user profiles which store user preferences which allow 

relevant information to be displayed to each user. Profiles may be tied to a particular 

user, a particular application, or both. The attributes that concern the authors are both 

quantitative and qualitative, such as a satellite image that may be described by its 

coverage, resolution, type of sensor, etc. In order to help users with their queries on these 

items, a training program provides feedback to the system on users’ perceived similarity 

between items (e.g. “Your request is for a geospatial object with Time = 11/12/2003. 

How similar to it would be an object from Time = 02/04/2001?”) Once a profile is 

created from the user’s responses, preferences of quantifiable and continuous data can be 

easily expressed as a profile ID linking a specific user and application. The authors 

describe the statistical analysis of their training method and show that it is consistent and 

can deal with noise (altering the similarity value for a single point). The diverse 

community of users who will use the Web portal may be interested in similar 

functionality; for example, the needs of a waterways expert are different from those of a 

railroad expert. 

“Humanitarian organizations are in the information business,” according to Zhang 

(2000). Because of this, existing information and knowledge management frameworks 

have applicability to the areas of humanitarian assistance and disaster relief. The authors 
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are concerned with the crisis phase (as is the GWP), which “exchanges information 

among the organizations, disseminates demands, and coordinates assistance planning and 

operational resources.” Information is defined as an understanding of the raw data with 

which organizations deal. Knowledge can be built by using information in order to create 

disaster mitigation strategies. The biggest challenge that relief organizations face is that 

data and information must be combined from a wide variety of places and coalesced into 

a situational awareness picture. The authors provide a framework to aid in developing 

systems that achieve this goal. At its core is a knowledge base containing items such as a 

disaster case base and a map library. Surrounding the knowledge base are knowledge 

management processes, which include acquisition, filtering, and indexing of information, 

as well as knowledge creation. Lastly, decision support helps to put organizational 

knowledge into operational use. It is here that the people focus becomes apparent; 

information is combined not for the benefit of the computer, but instead for the people 

who need to make decisions that can mitigate the scope of the problem. 

During the investigation following the 2001 anthrax cases at a mail processing 

facility in Trenton, New Jersey, relief teams had a need to combine information to make 

decisions in exactly this way. They had immediate needs for lists of employees, clients, 

visitors, and other exposed persons (Zubieta 2003). Generating these lists required 

merging data in numerous file formats, then quickly analyzing those data. The 

information in the lists, as well as environmental sampling results, were then linked to 

maps of the facility floor plan using the Center for Disease Control and Prevention’s 

(CDC) Epi Map software over a two-week period. Other GIS data needed included 
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hospital locations, driving directions to those hospitals, and the distribution of confirmed 

cases. 

Thus far, research on both information and people has been presented. The 

missing link is the technology that brings those sides together and also subtly influences 

the relationship between them. 

Technology Focus 

The Zubieta case study highlights the bridge between a people focus and a 

technology focus. Clearly, systems must be capable of pushing bits to the right place at 

the right time. However, the situation can become more complicated from a technology 

standpoint. Alosio et al. (2005) point out the difficulty in integrating the vast amount of 

geospatial data available today to users in public and private organizations. The problem 

is exacerbated by the varied domains in which GIS is used, resulting in conflicts and 

incompatibilities in file format, coordinate system, and data schema. Even the efforts of 

the Open Geospatial Consortium (OGC), a non-profit international organization, have not 

been sufficient to combat data heterogeneity. To solve this problem, they present a “Web 

Map Service” (WMS) standard which has several attractive properties for real-world 

usage of geospatial data, particularly given the set of changing requirements typical of 

emergency crisis management situations. The WMS architecture is predicated upon the 

use of grid computing, open-source software, and middleware tools, which the authors 

believe are particularly suited to large scale problems in dynamic, multi-institutional 

organizations. By adhering to and extending upon the OGC’s standards, WMS offers 
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real-world improvements in security, performance, efficiency, and scalability. This 

technology-driven work is central to the functioning of the GWP, but it is important not 

to lose track of the larger goal of providing the right information, in the right form, in the 

right place, at the right time. The literature on teamwork and cognitive systems presented 

in this review helps to complete this perspective. 

Bridging the gap between GIS theory and development (although not 

collaborative GIS) is discussed in Fogg’s report on port crisis management (2004), which 

has as its goal the design and development of an application for enhancing both daily 

operations and crisis scenarios. Several differences are found between the daily operation 

and crisis modes. For example, emergency response data collection needs are believed to 

be much fewer than those of daily maintenance tasks, both in quality and quantity (this is 

due to the fact that daily tasks require an understanding of past and present data, as well 

as the time pressures and stresses associated with emergency scenarios). Additionally, 

custom datasets may need to be created for specific locations. GeoProtect is an extension 

for ArcGIS, developed for the Air Force, which is designed to deal with events such as 

fires, traffic accidents, chemical spills, and extreme weather conditions. Data can be 

added as map layers via a number of traditional sensor technique(s), though the author 

sees future benefits in the use of technologies such as real time imagery, motion 

detection, and container tracking. Organizational challenges of GIS implementation 

discussed by Fogg are outside the scope of this thesis, though some of the technical 

approaches, such as automated vehicle locating and the incorporation of real time 

imagery are not. 
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Harrie and Johansson (2003) describe a Java program built upon open-source 

products that are compliant with OGC standards and can be used to distribute map data to 

remote mobile devices in real-time.  Although a real-time map display sacrifices larger 

screen sizes, it offers the ability to provide the most updated data source and the 

possibility of map Web service integration. To overcome these tradeoffs, the authors 

report on a novel technique for cartographic visualization that is optimized for smaller 

display sizes. Called a variable-scale map, it has a “circular cap where the scale is 

homogenous and beyond which the radial scale constantly deceases to a threshold value”; 

in essence, it looks as if the map has been printed on a sphere, where the parts nearest the 

viewer appear largest. This affords both a detailed view of the current position and an 

overview of the entire map. In order to construct the map, one or multiple cartographic 

databases output a Geographic Markup Language (GML) file to the author’s program, 

which immediately integrates them into a new GML file which is then converted to an 

industry-standard image file to be displayed on the end-user’s device. The GWP may one 

day be integrated into this larger system of systems. 

Lu (2004) describes the use of GIS and CSCW during a hypothetical SARS 

outbreak in China. These technologies promise to aid the core epidemic disease 

prevention tasks of analyzing spatial and temporal disease trends and assessing resource 

allocation needs. The primary users of the collaborative environment include public 

health officials, hospitals, and first responders. Because of the variety of computers from 

which these users will be accessing the system, Java technology is used so that platform 

dependence can be minimized. A standard database/engine/user interface system 

architecture is used to provide the basic functions of information sharing, GUI, situation 
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broadcasting, and collaboration. The system is designed primarily to deal with real-time, 

rather than asynchronous communication between decision makers in time-sensitive 

situations. Additionally, the system is designed to handle both inputs and outputs from 

the public at large; people can submit reports to the system or receive news alerts, for 

example. The GWP incorporates elements of this through the inclusion of RSS feeds. 

Mondschein (1994) presents an overview of the use of spatial information 

systems in a specific domain, namely environmental emergency management. Working 

with the view that compliance with environmental regulations has led to a "wealth of 

environmental information," he describes the then-current state of spatial information 

systems and areas that he sees for improvement. Even more than a decade ago, the 

problem of standardizing data from various sources was apparent. This problem led to the 

development of XML-based standards.  Areas of critical functionality include: a map-

based display, data management systems that can create reports, plume dispersion 

modeling (or, in our case, tsunami wave modeling), and collaborative document sharing. 

The author then describes the use of a system then in use at Johnson & Johnson called 

EIS/C, and reports that the greatest strength of the solution was its ability to bring 

together information that is normally stored in multiple locations. Challenges 

encountered including regular, individualized training to ensure that operators maintain 

their skill set, and constant updating of system data. 

Peng and Zhang (2004) present two technical case studies of Web-based GIS 

systems using GML for data exchange, WFS for feature lookup and manipulation, and 

SVG for map display on the client. GML has already been discussed. WFS, the Web 

Feature Service specification, allows for the retrieval of geospatial data, and SVG is an 
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open-standard Scalable Vector Graphic. While most current Internet GIS programs create 

raster image file formats (such as JPEG and GIF) which tend to be of low quality and 

require large amounts of storage space, SVG can be very lightweight and allows the user 

to zoom in without losing image quality. The authors’ first case study involves using 

GML to encode basic geospatial features (a building, a road, and a lake) and displaying 

those features in SVG format on a web browser. The second case study uses WFS to 

retrieve features and then display them in the browser. In this instance, the WFS response 

is encoded to GML, making the second case study an extension of the first. From their 

development efforts, the authors learned that the GML format can sometimes be as much 

as three times as large as proprietary, binary file formats such as the one used by ArcIMS. 

Still, once the files are downloaded, client operations are significantly faster using the 

open-standards approach. 

Sayar et al. (2005) provide a technical report describing their efforts to port 

standard OGC services to Web services. This has a number of benefits, including the 

ability to distribute geospatial data across any platform, anywhere in the world. 

Currently, WMS requests are made through a Web browser in the form of a URL. The 

authors have implemented a system that converts these requests to XML messages (sent 

via the industry standard SOAP protocol), which are sent between the client and the 

server. They have combined their Web services-based implementation with third party 

WMS systems by using cascading WMS, a type of middleman that aggregates requests 

and responses. This architecture was then utilized to develop a client to visualize and test 

interaction with a number of data sources. Interestingly, the authors are working on 
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upgrading the client and server to allow for collaborative mapping, although they do not 

elaborate on what exactly this entails. 

The GWP was designed to work under a pre-ordained scenario developed by 

another member of this author’s research team. In real-world usage, however, the tsunami 

damage prediction models used by Sugimoto et al. (2003) would be extremely useful. By 

integrating GIS data with a calculator tool based on the authors’ work, it would be 

possible to make real-time predictions of what would happen, or what has already 

happened, in a tsunami disaster scenario. The death toll predictions are based on the 

evacuation response, the height of the tsunami, map data, the distribution of the 

population, and a number of other variables. Map data includes coastlines, roads, rivers, 

water channels, and buildings. Experimental results based on a simulation of a Japanese 

tsunami support the need for the GWP, showing that the death toll was ten times greater 

when effective evacuation plans were not made. This was the first study to quantitatively 

demonstrate the importance of early evacuation. 

Zhang and Li (2005) present another WFS and WMS-enabled system. Their 

emphasis is on “accessing and combining geographic information from different sources 

in a timely manner,” and their interest is in providing real-time geospatial collaboration. 

Unless one takes advantage of WFS and WMS, this is complicated by two factors. First, 

data conversion can create errors, which are especially troublesome in time-critical 

situations. Second, the data conversion process can be computationally-intensive, which 

again reduces real-time performance. The author’s system framework, and their solution 

to these problems, involves multiple databases communicating via WFS and WMS with a 

number of Web servers, which are accessed by multiple users (emergency responders, 
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environmental monitors, etc.) via an integrated client. To save further time, their system 

has an emphasis on feature-level data, for example, only showing a few roads of interest 

rather than the entire city. A prototype was designed to provide data on bus routes in the 

city of Milwaukee, and they were able to successfully integrate data from the University 

of Wisconsin’s Department of Urban Planning, the Department of Geography and 

Geology, and the city transit department. 

The purpose of this literature review was to outline some of the areas in which 

researchers have studied the problems of, and solutions to, issues in GIS systems, 

collaborative technologies, cognitive systems engineering, teamwork, and several other 

fields. Work was analyzed in terms of emphasis on information, people, and technology, 

because a completed GWP, like all other ICCT systems, must be based upon a complete 

understanding of each. In the next section, current work grounded in the literature in 

related areas is explored, and lessons are drawn from that work to inform the 

development of the GWP.  

 



 

 

Chapter 3 
 

Current Work 

The previous chapter outlined a few tools that already exist which touch upon some of 

the functionalities that will be integrated into the GWP. This chapter will be focused on a 

review of several additional commercial applications, or those that are already used in 

daily operations. The purpose of distinguishing between the two is to separate academic-

only work from real work being conducted in the field. Applications will be examined in 

greater depth than they were in the greater chapter, with an emphasis on highlighting 

their perceived similarities to and differences from the GWP. Many of these tools helped 

to inform the creation of the GWP. I will also talk about NeoCITIES, a crisis 

management simulation that could one day be used as a novel evaluative tool for the 

GWP.  

Gaps in Current Literature 

This chapter will also discuss some of the gaps in the current literature as 

described in Chapter 2. These gaps are placed in this section because they are gaps that 

are equally relevant to current applications, not just literature. To understand those gaps, 

though, it is important to distinguish between the work conducted in this thesis, with a 

focus on HCI, and the work that it is the focus of cognitive systems engineering (CSE). 

The interdisciplinary field of human engineering is, as the name implies, concerned with 
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engineering for human use, with research done in areas such as engineering psychology, 

human factors, and ergonomics. Human engineering in turn led to HCI, with its focus on 

designing information systems that take into account the way humans work (Brewer 

2004). CSE has relatively recently emerged as a central area in computer design 

disciplines. It is unique in its emphasis on the design of interfaces which extend beyond 

the computer, instead looking at the relationship between the decision maker and the 

work space. As Brewer explains, systems designed using CSE methods would not be 

single applications (or Web portals), but rather multiple technologies that would improve 

all aspects of work within a particular domain. CSE also has at is heart an emphasis on 

understanding that domain, so that a designer can take into account how organizations 

work and merely augment the technology around them, not try to change the way an 

organization works in order to use a particular technology. 

This thesis falls firmly on the side of HCI. Although clearly a consideration of the 

domain area of emergency crisis management is needed, a thorough investigation of the 

domain was not conducted (though as the next chapter will show, the system supports the 

usage of concept maps, a key knowledge elicitation tool developed by CSE researchers). 

Instead, previous literature and a tsunami scenario were relied upon to gain a picture of 

the overall area. Then a computer-based interface was developed, which helps to further 

move away from CSE principles. This leads us to the first gap in current literature, which 

is the lack of work on GIS from a CSE perspective (Brewer 2002). This connection, 

though not yet completed, could be a valuable tool for the creation of geoinformation 

technologies. It would allow for eliciting knowledge from domain experts, representing 
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information for analysis, and designing an interface that integrates both expert and 

knowledge. 

Unfortunately, the HCI literature is equally guilty of ignoring GIS as a domain 

area of research. Instead, most of the research on HCI in the GIS domain is conducted by 

GIS researchers themselves (Egenhofer and Bruns, 1995; Nyerges et al. 1995; Sharma et 

al. 2003). It is the goal of this paper to address this second gap in current work, which 

hopefully will result in a more HCI-grounded understanding of the human aspect of GIS 

systems.  

The third gap to be addressed is the amount of theoretical/design work done in the 

area of collaborative GIS space as opposed to actual development and evaluation. 

Though the goal of this paper is not to create a functioning system fit for day-to-day use, 

it is an attempt at creating a fully-designed interface. More importantly, this interface will 

be evaluated so that the interface can be further refined based upon the input of novice 

and expert users, a claim that very little current research can make. 

The last and most important gap in the current literature that this thesis will 

address is the dearth of work done in the crisis/response phase of emergency crisis 

management, rather than in the planning stage. Of course the GWP under development is 

applicable to all stages; its collaborative and temporal elements (to be discussed in much 

greater depth in the next chapter) are of most value in crisis and response phases.  

Similar Applications 

Toucan Navigate 
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Toucan Navigate is an extension of the Groove Virtual Office workspace 

application that provides collaborative GIS functions. The Virtual Map Room allows 

teams of users to have a concurrent view of a map – meaning that zoom, pan, and layer 

visibility information can be simultaneously viewed. Co-editing allows team members to 

edit map features and then have those changes immediately and automatically sent to the 

rest of the team. The Team Location Awareness functionality allows team members to 

broadcast their physical location to other team members. Because Toucan Navigate is 

based on Groove, it inherits the discussion group, chat, notes, schedules and other tools 

from that collaborative suite (InformationPatterns 2006).  

This application was described first because its functionality is the most similar to 

that of the GWP. All the tools described above are included within the GWP, but the 

latter has a few more features and a very different design paradigm. As a Web-based tool, 

the GWP can be used with almost any Web browser, meaning that users don’t have to 

install any software or configure their machines to run the application correctly. Toucan 

Navigate, on the other hand, relies upon Groove, which can only run on PCs running a 

recent version of Microsoft Windows (Groove, 2006). This removes one of the greatest 

strengths of the GWP, which is that it can be accessed from almost any computer in the 

world, and since no software is required, ad hoc teams can form and work quickly. 

BRIDGE 

BRIDGE (Basic Resources for Integrated Distributed Group Environments), an 

“interactive, editable” collaboration tool, was developed by the CSCL (Computer-
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Supported Collaboration and Learning Lab) at Penn State’s College of Information 

Sciences and Technology (BRIDGE User Documentation, 2006). Though originally 

designed to allow researchers to share information via the Internet, BRIDGE has now 

been expanded to facilitate many types of synchronous editing tasks, and has been used 

in community, educational, and military settings (Shon 2004). The application 

architecture is based on custom components which can communicate with each other via 

the Content Object Replication Kit (CORK); these components include things such as 

Web editors, whiteboards, calendars, and, of most relevance to this paper, a component 

based on GeoTools, an open source GIS toolkit (GeoTools 2006). It differs from Toucan 

Navigate in that it is based on Java, so it is cross-platform, and relies upon a central 

server rather than the peer-to-peer (P2P) technology. Because of this, BRIDGE also 

supports asynchronous work, where users can make changes while off the network and 

then upload those changes when connectivity is restored. BRIDGE is closer 

architecturally to the GWP, with its reliance upon a central server and its cross-platform 

development. However, there seems to be little integration between the various 

components of BRIDGE. Contrast this with the GWP where, for example, a user might 

click on another user’s name in the Trusted Collaborators list to view that person’s map.  

GeoMAC 

GeoMAC (Geospatial Multi-Agency Coordination Group) is an interesting 

application of a real-world, government-created collaborative GIS tool. It is a Web-based 

mapping application that allows fire managers to access views of wildfire locations and 
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perimeters throughout the United States (GeoMAC 2006). From a standard Web browser, 

personnel can access incident intelligence sources, GPS data, imagery, and more, and 

also add information to the shared multi-agency database. Maps are provided by ESRI’s 

ArcIMS (Internet Map Server).  

Development of GeoMAC was informed by the September 2000 wildfires which 

burned nearly 7 million acres of land. Geographic fire coordination centers needed to 

prioritize the use of 25,000 firefighters, 900 fire engines, and 200 helicopters, but were 

limited to only printed maps and situation reports for their information needs. Managers 

asked for a real-time geospatial application that allowed them to see the status, location, 

and proximity of fires to important resources. This user-centered development is what 

makes GeoMAC of interest to the GWP, because both are designed to deal with specific 

natural disasters and the resulting emergency crisis management needs. Though 

GeoMAC lacks many of the communication and collaboration tools of GWP (indeed, it is 

designed in the very traditional client-server model where the same data is made 

available to all users), it presents a similar situation where GIS was used to enable teams 

to solve real-world problems. 

Virtual Slaithwaite 

Virtual Slaithwaite (VS) is another Web-based GIS tool. It was developed by 

researchers at the University of Leeds School of Geography as a way to facilitate a two-

way flow of information between the public and the system on matters relating to 

environmental decision making (Carver et al. 2001). Members of the public accessed a 
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Web page with four separate frames of information. The first frame contained a map of 

the city of Slaithwaite in the West Yorkshire Village. The second frame contained zoom 

and pan tools for navigating around the map. The third contained a comment box where 

users could submit questions or comments about selected map features. The last frame 

allowed users to make suggestions about a feature which are then stored in the 

community database.  

VS is focused on Web-based public participation, not emergency crisis 

management, and it is only concerned with one geographic area, so clearly its goals differ 

markedly from those of the GWP. Because of its emphasis on broad community 

involvement, VS uses anonymous, asynchronous collaboration, while the GWP will be 

authenticated and support synchronous collaboration. Still, VS is notable for its success 

in creating an interface to a powerful GIS system that members of the general public 

were able to quickly and easily understand and use. In order to facilitate end-user 

acceptance of the GWP, the interface will have to be designed with this same goal in 

mind. 

RIJAN 

RIJAN (Regional Information and Joint Awareness Network) was developed by 

the Port Authority of New York and New Jersey in order to facilitate seamless 

communication between federal agencies during a crisis (Kenyon 2004). While lots of 

work has been done on providing communication capabilities between first responders, 

the problem of communication between agencies during larger crises has been difficult to 
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address. The Port Authority addressed this by creating a P2P command and control 

system, primarily utilizing commercial off the shelf software. GIS lies at the heart of the 

solution, which brings together maps, video feeds, and sensor data. While the GIS data 

provides situational awareness, most communication takes place in Microsoft Word, 

Excel, and PowerPoint, because that is what commanders are most familiar with and can 

work with in a chaotic environment. 

Like GeoMAC, RIJAN is another example of a successful deployment of a multi-

agency GIS tool. Interestingly, RIJAN’s success comes not from technological 

development (indeed, the real challenge here was integrating multiple existing 

technologies) but from organizational acceptance – getting commanders to change the 

way they work and communication with each other to deal with large, complex problems. 

While these institutional issues are outside the scope of this thesis and the development of 

the GWP, they are critical to ensure that the system actually gets used. 

GATIR 

The Commonwealth of Pennsylvania’s GATIR (Geospatial Analysis of Threats 

and Incident Reports) application works with the state’s Emergency Incident Response 

System to allow for the effective coordination of crisis response activities (Knudson et 

al., 2006). Lying at the heart of this Web-based system is a centralized database of 

geospatial information and aerial photography that facilitates data sharing between 

agencies. Pennsylvania has made its mapping services available via the Internet so that 
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federal agencies, local governments, and first responders can share a common operational 

picture.  

GATIR’s workflow includes responders creating “intelligent maps” containing 

selected data, then printing those maps and sharing them with other decision makers. 

GATIR’s ties to the incident response system make it of interest to the GWP. As will be 

detailed in the next chapter, the GWP will be able to accept spatially-encoded messages 

corresponding to events that are of interest to users. The integration of GIS and incident 

response serves as a model for the GWP. 

GeoChat 

GeoChat is an instant messaging (IM) extension for ArcGIS (Carmichael 2006). It 

allows users to connect to chat servers and to send messages to each other. ESRI, the 

creator of ArcGIS, says that IM offers two advantages to GIS professionals. First, it 

supports indicating “presence” of users. Just like in the popular AOL Instant Messenger 

(AIM) application, users of GeoChat can set their status as “Online,” “Idle,” “Away,” 

etc., and make this status available to users of the system. This has some advantages over 

other communication technologies such as telephone or email because if statuses are 

respected, users could receive fewer attention-disrupting messages while they are 

working. The second advantage is the “push” aspect of IMing, which allows users to 

explicitly make each other aware of changes to the map, eliminating the need to refresh 

(or “pull”) updates periodically. This second ability is made possible through the use of a 

geochat layer which can store geometry or imagery and transmit this information via P2P. 
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GeoChat’s text and layer-based communication methods are very similar to those 

that will be implemented, with just a few minor differences. First, the chat system in the 

GWP has a focus on group communication, so that multiple users can chat together at the 

same time. Because of its reliance on P2P technology, GeoChat cannot support this 

functionality. Because GWP is Web based and a server will already be required, 

requiring a chat server is not prohibitive. Second, the GWP’s chat system will maintain 

dated logs of previous conversations between users to help maintain individual situational 

awareness. These logs would come up on screen as soon as a communication with a 

previous chat partner begins. Lastly, the current GeoChat layer implementation is based 

on a single file that is created and sent to another user. The proposed GWP method is 

much more robust, with layers that update in real time based on the input of multiple 

collaborators. Clearly this has a profound impact on the amount of information that can 

be shared, and the rate at which it can be shared, which is of the utmost importance in 

crisis management situations. 

NeoCITIES 

NeoCITIES is a scaled world simulation which allows researchers to conduct 

experiments on team cognition and decision-making in a distributed command, control, 

and communications environment (McNeese et al., 2005). Each member of the larger 

team of six participants is assigned to one of three sub-teams: Fire, Police, and Hazmat. 

Each sub-team is composed of an Information Manager and a Resource Manager. A 

description of some event that needs attention is sent to each Information Manager. If, for 
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example, the event description talks about a robbery at a bank, the Police team 

Information Manager might choose to disclose that event to the Resource Manager. The 

Resource Manager can then apply resources (such as a squad car) to the event; if he does 

not, the team score will suffer as the events magnitude grows and eventually reaches a 

failure condition. Using text-based chat to determine which team should respond to an 

event, which resources to apply, and in what quantity are the primary challenges that face 

participants in a NeoCITIES simulation.  

 As McNeese points out, NeoCITIES can be used to test a variety of computer-

mediated communications aside from chat/instant messaging. As will be described in the 

Future Work section of this thesis, an interesting experiment would be to replace the 

current NeoCITIES interface, along with its central map, message tracker, chat module, 

team resources panel, and mini-map, with a modified version of the GWP to see how the 

latter can affect the team score. In this way, NeoCITIES serves as an ideal test bed for 

further empirical research on the efficacy of the GWP.  

 The current work outlined in this chapter served as both background material and 

inspiration for the design of the GWP. The next chapter describes the experimental 

methodology used to evaluate that design, as well as the particulars of the artefact.



 

 

Chapter 4 
 

Methodology 

As explained in the previous chapters about the literature review and current work, the 

goal of this thesis is to evaluate a design of a prototype for a geocollaborative Web portal. 

Thus, two questions immediately come to the forefront: 

1. How will the evaluation be conducted? 

2. What will the prototype look like, both from a technological and user 

experience standpoint? 

The purpose of this chapter is to answer those two questions. The first section 

justifies the evaluation method that was selected, as well as describes the experimental 

method. The second section describes the workings of the prototype system and then 

provides a more detailed technical discussion of how it works. 

Creation of the GWP is really a co-design process between the developer and 

users. Design is conducted in an iterative fashion, with emphasis on understanding user 

needs, basing a prototype on those needs, and then presenting the users with the 

prototype. Thus, the formative evaluation for the GWP prototype was not focused on 

quantitative data, but rather qualitative feedback from users in terms of their frustrations, 

mistakes, views on missing features, etc. – essentially, their “problems” with the 

interface. Karat (1994) notes that there are two primary ways to evaluate representations 

of user interfaces: empirical, quantitative usability testing in laboratory or field settings, 

and usability inspection methods. The latter group includes heuristic evaluation, which is 
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the method that was chosen for this project. What follows is a broad overview of the 

heuristic evaluation process and the specific way in which it was conducted for the GWP. 

Subjects 

Participants in the GWP heuristic evaluation can be broken down into four 

groups, as shown in the table below. The x-axis represents either GIS expert or GIS 

novice users, as reported by the user. The y-axis represents whether or not the subject is 

affiliated with the Penn State Department of Geography. These subject groups were 

selected because it was believed that they give an accurate portrayal of the types of users 

that would actually use the GWP. Breaking the subject pool into these groupings also 

allows for analysis of evaluation results based on the user’s background, which has 

implications for refinement of the prototype. 

Each of the four cells in the table below has two subjects, meaning that a total of 

eight subjects were evaluated. Additionally, one subject in each grid (for a total of four) 

was randomly selected to be given five minutes of self-guided exploration of the system 

before the scenario walkthrough. The other four subjects had no such time. This was done 

to test for the presence of a learning effect. 



38 

 

Evaluation Process 

Heuristic evaluation is the main “discount” usability engineering method (Nielsen 

1994), meaning that it is generally cheap, fast, and easy to use as part of an iterative 

design process. The idea at the core of heuristic evaluation is that multiple users compare 

a prototype system with a list of well-known usable interface properties. Many 

shortcomings or usability problems are easy to find and thus are found by almost all 

evaluators, but some problems are found by very few evaluators. Because of this, a 

subject pool with a diverse range of experiences and backgrounds was used, as described 

in a later section. Nielsen advocates a bare minimum of three subjects, though five is 

recommendable.  

The heuristic evaluation was a four-step process. Evaluators, joined by the 

observer (the experimenter), first inspected the interface for about ten minutes each, 

guided by the observer. The second step was focused on working through a scenario 

Table 1: Experimental Subjects 

 GIS Expert GIS Novice 

Geography One faculty member 

One postdoctoral student 

Two undergraduate 

students 

Non-Geography Two employees from 

physical plant office 

 

Two undergraduate 

students 
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(available in the Appendix) that drives the user’s behavior. Users were given a set of 

specific actions to take without a detailed explanation of how they were to be completed 

using the interface. They spoke their comments aloud while using the interface and the 

observer recorded them. An alternative approach Nielsen describes involves having each 

evaluator compile his own written report, but for this thesis it was believed that additional 

workload on the evaluators should be minimized. As evaluators examined the interface, 

they considered the following heuristics, first proposed by Nielsen: 
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1. Visibility of system status – Does the system keep users informed of what is 

going on? 

2. Match between system and the real world – Does the system speak the users’ 

language and follow real-world conventions? 

3. User control and freedom – Can the user undo mistakes and leave unwanted 

states? 

4. Consistency and standards – Do users have to decide if different words, 

situations, and actions mean the same thing? 

5. Error prevention  – A design that ensures users don’t encounter errors in the first 

place 

6. Recognition rather than recall – Make possible actions visible to the users at all 

times, rather than make them remember commands 

7. Flexibility and efficiency of use – Provide accelerators which allow expert users 

to more quickly use the system without leaving novice users behind. Allow users 

to customize frequent actions 

8. Aesthetic and minimalist design – Reduce the amount of visible information 

which is irrelevant or rarely needed 

9. Help users recognize, diagnose, and recover from errors – Provide easy to 

understand error messages that also include recommended solutions 

10. Help and documentation – Provide information that is easy to search, focused 

on the user’s task, and not too large 

 

Figure 2: Usability Heuristics 
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Usability problems can appear in one of four different places: at a single location 

in the interface, at two or more locations which together create the problem, at the overall 

interface, or at a place where something should be included but is not. The analysis 

section of this thesis will provide more detail on the nature and frequency of interface 

problems that the users encountered. The third step in the evaluation process was a 

debriefing session to discuss the results of the evaluation with each user. This step was 

added because Nielsen found that locating a usability problem and then providing a 

detailed analysis of it are independent processes that should be conducted during 

independent sessions. Evaluators also used this opportunity to discuss the interface 

generally and provide their suggestions for how to address the major usability problems 

that they found. Lastly, the evaluators assessed the severity of the problems that had been 

found during the evaluation session using the following scale, again provided by Nielsen: 

 

 
1. I don’t agree that this is a usability problem at all 

2. Cosmetic problem only – need not be fixed unless extra time is available on the 

project 

3. Minor usability problem  – fixing this should be given low priority 

4. Major usability problem  – important to fix, so should be given high priority 

5. Usability catastrophe – imperative to fix this before product can be released 

Figure 3: Severity Rankings 
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Although the severity rating is given as a single number, the evaluators were 

instructed to think in terms of three factors: 

Heuristic evaluation of the GWP is preferable to traditional user testing methods 

for two primary reasons. First, the observer is allowed to answer questions from 

evaluators about the system, and second, the observer can provide hints on using the 

interface, saving time and energy for both parties. Answering an expert evaluator’s 

questions also allows the observer to get a better understanding of the characteristics of 

the specific domain. These two properties of heuristic evaluations make it feasible to 

conduct them on paper-based interfaces, but for the GWP we have a lightweight 

Macromedia Flex-based interface that will be described below; this adds more realism to 

the user experience.  

The goal of the heuristic evaluation methods described above is, of course, to 

provide useful feedback about the system and guide development in a user-centered 

fashion. The designer gets a list of highly-specific usability principles that were violated 

by the design, as judged by the evaluator. Unfortunately, the method does not generate 

fixes to usability problems or make guesses at the quality of redesigns. The results of the 

evaluation can be misinterpreted when it comes time to respond to them. Jeffries (1994) 

provides a set of recommendations that help the evaluator ensure that the usability report 

 
1. Frequency with which the problem occurs 

2. Impact the problem has on the ability of the user to complete the task 

3. Persistence of the problem 

Figure 4: Factors in Determining Problem Severity 
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is properly understood. Although in the case of the GWP the evaluator and the developer 

are the same, these guidelines are still helpful because they provide a basis for future 

work: 

 
1. Provide separate descriptions of the problem with the current interface and the 

proposed solution so that alternative solutions can be tried 

2. Provide justifications for the problem and the solution so that the developer can 

compare the evaluation results with his original reasoning 

3. As described earlier, provide an assessment of the severity of the problem so that 

the developer can prioritize work 

4. Consider the inevitable trade-offs that are the result of the design process with an 

eye towards the user’s needs 

5. Be wary of solutions which require adding new functionality to the system, 

because they can start a chain of new usability problems 

6. Beware of evaluator bias – make explicit justifications for recommendations 

7. View each problem and solution from multiple levels of abstraction and look for 

general issues beyond the specifics in the report 

8. Look at the problem reports collectively to see if there are further opportunities 

for general solutions or removing inconsistencies 

 

Figure 5: Guidelines for the Use of Heuristic Evaluation Results 
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From these guidelines one can draw the conclusion that prioritization of limited 

resources and prevention of system-wide redesign are key goals during the evaluation 

process.  

Prototype Design 

The prototype developed for this thesis is an artefact through which designers and 

researchers, armed with the techniques of the heuristic evaluation, can hope to get 

insights into the way users think and wok. For this reason, it is not necessary to fully 

develop the features displayed in the system; instead, a “skeleton” prototype will suffice, 

provided that experimental users have an understanding of the results of their intended 

actions and are satisfied that they meet their needs.  

Design of the GWP required several additional assumptions about the 

environment in which users will be operating, and even more specifically about the 

computing environment. Though there does not appear to be any literature on the subject, 

there is widespread anecdotal evidence of a lack of powerful, modern computer systems 

at many of the international aid agencies that are considered to be the primary user 

organizations of the GWP. For this reason, the GWP has very low system requirements. 

The application is delivered as a Macromedia Flash movie, which as of April 2006 was 

installed on over 97% of computers in the US, Canada, and Europe (Macromedia Flash 

Player: Version Penetration, 2006). Even if some other technology is used to develop a 

fully-implemented, working system, it is hoped that the principles embodied in the 

prototype will be carried forward. 
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As a note for those interested in rapid prototyping, it is worthwhile to mention a 

few particulars about how the GWP was developed. Macromedia Flex, a rich Internet 

application platform, was used because it allows for an easy-to-use, structured, 

programmatic way to develop user interfaces, and indeed allows for easy visualization of 

almost any data set (Flex 2 – Web Application Development Software, 2006). A markup 

language known as MXML provided the structure and visual layout of the interface, 

while a scripting language called ActionScript provided many of the interactive elements 

of the GWP, including the fully-functioning map spaces, as described below. Lastly, 

resource files, including images and XML data files filled with “dummy data” completed 

the GWP package. 

When a user logs into the system by accessing its URL in a browser, he is greeted 

with an interface that is divided up into roughly four areas, as shown in the Appendix: the 

status bar, the map space, the information space, and the collaboration space, each of 

which has a unique purpose and function. Additionally, the horizontal and vertical 

dimensions of the last three items can be changed by the user to meet his individual 

preferences. At this point it is instructive to explore each piece in more detail. 

Status Bar 

The status bar, which is located at the very top of the window and fills its entire 

width, contains pulldowns which allow the user to select between the organization, role, 

and project affiliations which have been provided for him. In the scenario used for this 

thesis, the organization is the United Nations, the role is Climatologist, and the project is 
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None (Monitoring). Most users will probably only have one possible combination of 

those roles available to them. Some, however, may work in more than one organization, 

or serve in two different roles. The combination of organization, role, and project at the 

top of the screen changes the information and settings of every other part of the system. 

For example, assume that the organization is National Guard and the project is Hurricane 

Katrina. If a user changes the role pulldown from Logistics Expert to Engineer, 

documents and system annotations related to how to distribute food are hidden, and 

architectural blueprints for nearby levees are shown. The pulldown system in the status 

bar provides for intelligent views of system data based upon user needs. The status bar is 

completed by displaying the current date, time, and username in right alignment.  

Map Space 

 The map space, located in the upper-left region of the screen, beneath the status 

bar, is the conceptual “heart and soul” of the GWP. Recall that the assumption behind the 

formation of the system was that it would be helpful in making decisions that deal with 

data that is in some way geographic, and that emergency crisis management was put 

forward as one domain that is replete with such data. Owing to that assumption, mapping 

geographic points of interest is a key function of the GWP, and this occurs in the map 

space. The map space itself is further divided into two parts: the actual map display area, 

and the “accordion” control widget that contains three tools related to displaying map 

data.  
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The map display area is subdivided once more into the private and public maps, 

which in the system’s vocabulary are called “My Space” and “Shared Space”, 

respectively. The private map is the individual user’s own area in which to create 

annotations and drawings which are visible only to him – a sort of personal whiteboard. 

The public map, on the other hand, displays annotations and drawings created by any 

GWP user who wishes to make such notes available; in turn, they are visible to every 

other user in the system. Because there is some risk of a user getting confused about 

which map he is currently looking at and accidentally marking up the public map, it is 

surrounded by a red border which is intended to provide some insurance against 

inadvertent data entry. For the prototype GWP, an actual Web-based map service is used, 

so users are looking at real maps and satellite imagery, complete with pan, zoom, and 

mini-map functionality. This added to the realness of the scenario, making it more 

interesting for the experimental users. 

The three tools available beneath the map allow for operations that apply to the 

currently visible map, either public or private. The first, the Annotation Viewer, allows 

the user to see the data associated with annotations on the map (the user can select 

whether either mousing-over or clicking on an annotation brings up the associated 

information). Although a description of an annotation is probably the most helpful and 

most used way of understanding it, it is also possible to provide tags, attachments, author 

and creation date codes, and other metadata. This would also be available for both editing 

and viewing within the annotation viewer.  

The second tool, the Timeline Slider, shows what the extent of the map looked 

like at some point in the past. The endpoints of the slider are the date of project creation 
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and the current date. As the user moves the thumb of the slider to some date in the past, 

two types of information will change on the screen: any active map layers which have a 

temporal property to them (for example, seismic activity readouts which change over 

time), and annotations, which will seem to appear or disappear according to their creation 

or deletion dates. The timeline slider represents a novel way to understand change in 

geographic data over time, both to reach decisions and to understand decisions made by 

others. 

The third and last map tool in the map space contains several drawing tools which 

allow the user to draw annotations on the map. They include tools for writing both text 

and basic shapes, and allow for resizing and relocating annotations after they have been 

initially created. 

Information Space 

The Information Space occupies window real estate to the right of the Map Space. 

It contains seven unique tabs of information that all represent information which the user 

can browse at his own pace and which for the most part do not involve interaction with 

other users of the system. As will also be seen with the Collaboration Space, some of the 

tabs in the Information Space do not exactly match this description, but with so many 

features in the system, some logical grouping was necessary, and this was a first effort at 

such a categorization – it is not perfect.  

Rather than provide a detailed description of each of the tabs, a short overview 

will be given, and the reader is encouraged to view the screenshots in the Appendix to 
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gain a further understanding of the design of each Information Space element. The Files 

tab provides a shared area for users to upload any type of file, such as a text document or 

spreadsheet, into one of any number of folders, and also to download files from those 

folders. The Wiki tab provides a way for a group of users to quickly view and edit 

documents. The Concept Maps tab allows users to load a concept map which might 

contain operational procedures, links to sections of a logistics manual, etc. The Map 

Layers tab allows the user to activate or deactivate overlays on the map which include 

infrastructural, topographical, demographic, and various other types of data. The Radar 

Map tab contains a map with various colored rectangles which indicate the current 

extents of the private maps of the user’s collaborators within the system, which is 

intended to increase situation awareness. The Search tab provides a standard Boolean 

search interface to the data contained throughout the entire system, but also allows the 

user to search only certain tabs if desired. Lastly, the Settings tab allows the user to 

modify their time zone, password, etc. 

Collaboration Space 

While the Information Space represented information that is relevant to a single 

user in isolation, the four Collaboration Space tabs offer views of information that relates 

to interaction with one or more other users. There are two important points to make, 

though. First, it bears repeating that the distinction between Information Space and 

Collaboration Space tabs is not always clear. Second, despite the fact that the GWP is a 

geocollaborative Web portal, the Collaboration Space tabs are not necessarily more 
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“important” to the user than those tabs in the Information Space; indeed, there is little 

sense in collaboration between users if each lacks the basic information necessary to 

make a sound argument in defense of a given position. Lastly, much more research will 

be needed to see the extent to which users take advantage of the collaborative features 

herein; issues with convenience or even credibility may limit adoption. With those 

remarks having been made, here again is a brief description of each tab and its purpose. 

The Alerts tab contains news items from a variety, along with a priority (Low, Medium, 

or High) that has been set by some other collaborator and a geographic location tag, if 

applicable. The alerts within the tab presumably have some bearing on the user’s work 

that day and demand a certain degree of attention, so the number of unread alerts is 

included in the tab’s title. The Messages tab provides an e-mail like text messaging 

system that is internal to the GWP, which means it is secure, takes advantage of the 

system-wide address book, does not require launching a separate application (and avoids 

the associated distraction from work), and can be viewed from any computer with 

Internet access. The Chat tab provides an instant message capability similar to AOL 

Instant Messenger or any other IM client. Using the GWP chat system has the same 

advantages of the messaging system over its traditional alternative. Lastly, the RSS 

(Really Simple Syndication) tab allows users to “subscribe” to any news feed they wish, 

ranging from New York Times articles, to updates in the Files tab, to blog postings. The 

RSS tab news items can be considered almost like background information material that 

can be viewed at a somewhat leisurely pace, while the system Alerts require immediate 

attention from the user. 
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Development of Scenario Walkthrough 

The scenario that was developed to test the prototype was designed with several 

goals in mind. First, it exposes the users to almost the entirety of the system, ensuring 

that they do not become too “comfortable” with some parts at the expense of others. 

Second, it does not tell the user specifically which system operations to perform, but 

rather it tells them the goal they would like to accomplish (sometimes including clues 

about how this should be done). This was intended to resemble real-world activities 

where users have a goal state in mind and are using the system to reach that state. To 

increase realness, the 17-step scenario that was developed (available in the Appendix) 

was based off a longer scenario developed by Obieta (2006) that was in turn based on 

historical accounts of tsunamis and the experiences of several researchers. Obieta’s 

scenario was trimmed down to include only those events that involved use of functions of 

the GWP, and was in some cases simplified to create tasks that were of manageable size 

and scope for the heuristic evaluation. Wherever possible, though, an attempt to remain 

true to the larger scenario was made.



 

 

Chapter 5 
 

Results and Analysis 

The purpose of conducting the heuristic evaluation was to gain an understanding of how a 

variety of users go about working through a realistic scenario within the confines of the 

GWP. Gathering the results of the evaluation and combining it with analysis of both 

reported heuristics and other notes provides a basis for developing future revisions to the 

system which are more user-centric and attuned to user needs. This chapter provides the 

results of the eight heuristic evaluations and attempts to analyze and explain the results 

both across user categories and in the self-guided exploration vs. non-self guided 

exploration group. Additionally, notes taken by the author during the scenario 

walkthrough phase of each subject’s session provide insights into exactly the troubles that 

each user had. These notes are also analyzed to assist in providing explanations of the 

usefulness and usability of the GWP interface. 

Each user provided a score from one to five (ranging from “I don’t agree that this 

is a usability problem” to “Usability catastrophe,” respectively) for each of the ten 

heuristics presented in the last chapter. Although all ten heuristics were included in order 

to comply with Nielsen’s recommendation, several subjects found that heuristics nine 

(“Help users recognize, diagnose, and recover from errors”, three users) and ten (“Help 

and documentation”, three users) were not applicable to the scenario in which they had 

just participated. Because those heuristics probably aren’t relevant to such an early 

prototype, they have been discarded.  
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Table 2 below summarizes the results of the heuristic evaluation filled out by each 

subject. The x-axis across the top of the table corresponds to each subject category. 

Number 1 is an expert GIS user from the Geography department; 2 is a non-expert in the 

department; 3 is a GIS expert from outside the Geography department; and 4 is a non-

expert from outside the department. The number inside of the parenthesis next to each 

subject indicates the number of minutes of self-guided exploration given to that subject.  

The y-axis of the table indicates the particular heuristic being evaluated, and the 

score from one to five in each cell is the reported score for that heuristic by that user. 

Along each axis, the total number of violations is provided, where a violation is any score 

greater than one (because one means “I don’t agree that this is a usability problem at 

all”).  

It bears repeating that no formal statistical analysis of these data have been 

provided, since heuristic evaluations are primarily intended as a way to discover specific 

problems, not provide summative information. However, several important trends 

immediately become clear. First, there appears to be strong support for the idea that the 

Table 2: Heuristic evaluation results 

 1 (0) 1 (5) 2 (0) 2 (5) 3 (0) 3 (5) 4 (0) 4 (5) Violations 
1 3 1 2 1 3 2 1 1 10 
2 2 2 1 1 2 1 1 1 6 
3 3 1 1 1 3 2 1 2 10 
4 3 2 3 2 3 2 3 1 18 
5 2 1 1 1 3 2 1 1 7 
6 1 1 3 2 3 2 3 1 13 
7 1 2 2 3 3 2 1 3 15 
8 2 1 1 1 3 1 1 1 5 

Violations 15 6 10 7 23 12 6 5   
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additional self-guided exploration time had an effect on the users’ comfort with the 

system and, by extension, the scores which they reported on the heuristic evaluation. For 

each of the four user categories, the subject who had the self-guided exploration time 

reported a lower number of usability violations. This in turn gives support to the idea that 

for many users, the difficulties they encountered while working through the scenario may 

be avoided or reduced in the future simply by having more exposure time to and 

experience with the system, hence developing more familiarity. The discussion of the 

task analysis described below lends still more support to this hypothesis. It is noteworthy 

that no usability catastrophes (score of five) or major problems (score of four) were 

reported. This makes sense given that each subject was able to successfully complete the 

evaluation. 

The three usability heuristics which received the most reported violations were, in 

decreasing order of violations, four (“Consistency and standards”), seven (“Flexibility 

and efficiency of use”), and six (“Recognition rather than recall”). This too makes sense 

once one looks at the suggestions that several of the users made, specifically in terms of 

the importance of a shared vocabulary (both between users and between the system and 

the user), the ability to move and minimize items to make better use of screen real estate, 

and the inability to find several on-screen elements due either to location or 

coloring/appearance.  

The heuristics that received the fewest reported violations were eight (“Aesthetic 

and minimalist design”), two (“Match between system and the real world”), and five 

(“Error prevention”). The first item can largely be explained through the use of 

standardized user interface elements throughout the GWP, most of which were provided 
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by Macromedia Flex and thus have a consistent look-and-feel. The second item makes 

sense because of many of the tools within the GWP are already familiar to most computer 

users (and, what’s more, the GWP quite literally deals with the real “world” in its Map 

Space). The third and last item may simply be a result of a prototype design which 

doesn’t truly allow for many errors in the first place, or as just mentioned may be as a 

result of most of the tools mimicking those that exist in other, more familiar systems. 

This thesis bases its results also upon data collected during the actual scenario 

walkthrough. Specifically, the number and timing of user “missteps” (deviating from the 

particular click trail through the GWP that was expected by the author) was recorded and 

analyzed to include yet another tool which allows for the design of a user-centric system. 

Table 3 below includes the results of these data, known as the “task analysis.” The 

x-axis is coded the same as Table 2. The y-axis in this case corresponds to each one of 

the 17 steps of the scenario. An “X” in a cell means that a user made a misstep on that 

particular step. No attempt was made at giving a severity or weighting of any kind to the 

misstep; instead a simple binary misstep/no misstep coding was done. Finally, the total 

number of missteps for each subject and each task is provided. 
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Fewer missteps in three of four subject categories for users with additional 

exploration time provides support for the presence of a learning effect. It is important to 

note that the presence or absence of a learning effect in this study is primarily curiosity 

data, for a number of reasons. First, individual differences may be the primary variable at 

play here, making the misstep count almost coincidental. Second, even if a trend has been 

correctly identified, the purpose of the heuristic evaluation is to understand how users 

think about an interface, not to provide a tool for explaining away deficiencies in its 

design.   

The tasks which caused the most missteps were 5, 6, 8, and 11, each with a total 

of five missteps (the maximum, of course, is eight, meaning each user had a misstep on 

Table 3: Tasks analysis results 

  
 1 (0) 1 (5) 2 (0) 2 (5) 3 (0) 3 (5) 4 (0) 4 (5) Total 
1   X      1 
2      X  X 2 
3         0 
4   X      1 
5  X X  X X X  5 
6 X X   X X X  5 
7  X   X  X X 4 
8  X X  X  X X 5 
9   X X  X  X 4 
10 X        1 
11  X X X  X X  5 
12   X X   X  3 
13     X    1 
14       X  1 
15 X   X   X  3 
16    X X    2 
17 X    X  X X 4 

Total 4 5 7 5 7 5 9 5   
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that task). It seems likely that these steps caused the most confusion because they are, for 

the most part, the ones that are least common to the average user of other computing 

systems. For example, tasks 6, 8, and 11 deal with map layers, map annotations, and 

concept maps, respectively, all of which are relatively novel to most users. The tasks 

which caused the fewest missteps, on the other hand (number 3, with zero missteps, and 

numbers 1, 4, 10, 13, and 14, each with one) deal with relatively familiar computing tasks 

(such as clicking on an item in a list, sending a message, or opening the address book). 

To counteract the possibility that the tasks which came last in the scenario sequence 

would have the fewest missteps (again due to a learning effect), tasks generally increased 

in difficulty as the scenario went on. The placement of the most- and least-“misstepped” 

tasks as described above seems to validate this methodology.  

From this analysis it is clear that the tasks which caused the most confusion for 

users were the ones with which they were not already familiar in their everyday work. 

This was part of the reasoning behind the thought of selecting users from each of the four 

user types, so it seems important at this point to analyze both the heuristic and task 

analysis data based on those categorizations. Table 4 below breaks down the task analysis 

results by user type. 

This table seems to illustrate two trends. First, GIS experts made fewer missteps 

than did non-experts, regardless of academic department. Second, geography department 

Table 4: Task analysis results by user type: Total missteps 

 GIS Expert GIS Non-Expert 
Geography 9 12 

Non-Geography 12 14  
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subjects made fewer mistakes than those outside the department, regardless of the level of 

expertise. Both of these trends to some degree make intuitive sense. GIS experts, who 

have used somewhat similar systems in the past, are familiar with how to navigate map-

based applications and thus made fewer missteps. Similarly, those in the geography 

department are familiar with concepts such as map layers and annotations which non-

geographers may have found confusing, which appears to be why the former group made 

fewer missteps than the latter. Though it does not appear that these trends have any 

particular design implications, they at least lend further support to the idea that familiarity 

with system features and terminology can help to minimize the number of mistakes made. 

Table 5 below shows that when the heuristic evaluation results are broken down 

by user type, however, the results are not so clear and consistent.  

Rather than seeing agreement between the “expertise” and “department” trends, 

we see a divergence. Regardless of academic department, GIS experts reported more 

violations than did non-experts, which may be because they were comparing a prototype 

to functioning systems they have used in the past. GIS experts inside the geography 

department reported fewer violations than did those outside of it, but non-experts inside 

the department reported more – a seemingly mixed message. The apparent lack of a trend 

to this data can be explained by any number of factors, but probably the most important 

one is that heuristic evaluation scores are self-reported, while task analysis scores were 

Table 5: Heuristic evaluation results by user type: Total reported violations 

 GIS Expert GIS Non-Expert 
Geography 21 17 

Non-Geography 35 11  
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recorded by the author based on empirical evidence. Thus, heuristic evaluation data is 

more susceptible to inconsistencies as a result of individual differences and therefore is 

less likely to have a neat trend like the task analysis data.   

Comments on the Evaluation Procedure 

Finally, a few comments on the evaluation procedure are in order. Over the course 

of conducting the experiments described earlier, it became clear that there were several 

potential areas of improvement to the way in which data is collected and analyzed. 

Experimental sessions were not video recorded, nor where user actions time stamped. 

When this thesis was being designed, these steps seemed unnecessary because user 

performance, at least in terms of time required to complete a task, was not deemed to be 

an important variable of interest. In retrospect, though, it would have been helpful to have 

that data as it would make it possible to attempt to create some sort of mapping between 

user missteps and a particular heuristic violation. This would in turn allow an analysis of 

which violations were responsible for the most missteps. It may also have been valuable 

to allow participants to assign a weighting to their missteps after the scenario was 

complete. 

The GWP prototype with which experimental subjects were presented had fairly 

high fidelity – it looked and acted very much like the envisioned final application. While 

this probably increased the realism of the experiment to the users, it also created some 

confusion. When heuristic evaluations are conducted on paper prototypes, it is easy for 

users to understand that the system they are using is just that - a prototype. With a fairly 
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interactive, on-screen prototype, though, users sometimes fell into the habit of believing 

that certain features were operational when, of course, they were not. For example, 

several users tried to find map layers by using the search feature, and this was recorded as 

a misstep. If the user was presented with a paper prototype, it is doubtful that they would 

have attempted that action and likely that a misstep would not have been made. 

It may also have been helpful to explore other forms of subject categorization. 

Specifically, the distinction between Geography department and non-Geography 

department users could perhaps have been dropped in favor of a distinction between 

emergency response personnel and non-emergency response personnel. This extends 

logically from the fact the former is the primary target for this type of work; their 

experiences with the prototype, as well as the feedback they provide, would be extremely 

valuable. Other useful distinctions may include general technology expert vs. non-expert, 

or domain expert vs. non-expert. 

Although Nielsen does not give any sort of prioritization for his set of usability 

heuristics, it may be worth exploring providing such a system for specific applications. In 

many ways the main challenge of designing the GWP was evaluating tradeoffs, such as 

providing more or less information in a given screen. Similarly, it is not always possible 

to adhere to all ten of the usability heuristics evaluated in this study. For example, an 

aesthetic and minimalist design (heuristic number eight) may require reducing visibility 

of the system status (heuristic one). For this reason, system designers may wish to 

establish a prioritization of heuristics that they believe are relevant to a particular 

application. It may also be interesting to explore other sets of heuristics, or even to 
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develop new ones, informed either through review of relevant literature or through 

knowledge elicitation conducted on emergency response personnel. 

GWP Version 2 

The results of both the heuristic evaluation and task analysis provide researchers 

with clear signs of several important trends in user behavior across both level of GIS 

expertise and academic apartment. Although several research limitations were identified, 

the methodology employed for this study seems to have allowed for a cheap, lightweight 

identification of key design principles when designing systems like the GWP. 

Additionally, specific feedback from users was gathered that will be invaluable in future 

revisions of the system. As a result of the experiments conducted for this thesis, 33 

specific feature change requests were identified. Twenty-one of these requests were 

adopted for GWP version 2. Specific changes for this revision are shown below in 

Table 6. 



 

 

Table 6: GWP version 2 modifications 

1. Settings tab moved to Status Bar as a drop-down menu 
 

2. “Radar Map” renamed to “Collabmap”  
 

3. “RSS Reader” renamed to “News” 
 

4. Added Geotag column to “News” 
 

5. Added “close” button to Chat tabs 
 

6. Added “Group Chat” button 
 

7. Added groups to collaborator list in Chat tab 
 

8. Added “Collaborators” tab with information on system users 
 

9. Made mouse-over default annotation view behavior 
 

10. Made annotations viewable based on creator 
 

11. Added security graphic for classified data 
 

12. Added tabs to allow viewing multiple concept maps 
 

13. Changed default layout of Map, Information, and Collaboration Spaces 
 

14. Changed Collaboration Space to an accordion view 
 

15. Added tooltips for drawing tools 
 
16. Moved drawing tools so they are always visible beneath map 

 
17. Changed coloring of active tabs 

 
18. Moved “Map Layers” to Map Space 

 
19. Moved “Search” to Status Bar as a text field 

 
20. Moved “Collabmap” to Map Space 

 
21. Improvments to “Map Layers” on-screen layout 
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Chapter 6 
 

Conclusion 

The intent of this research was to design and develop a geocollaborative Web portal for 

use in emergency crisis management scenarios. A review of relevant literature and 

scenarios helped to identify which features and tools would be most important to users. 

Design was aided through adherence to Nielsen’s usability heuristics, which are believed 

to have created a user-centric design that would prove helpful to workers under high-

stress, time-pressured situations. The prototype was developed using the Macromedia 

Flex rich Internet application framework, which added both consistency to the design 

through the use of standard user interface widgets and minimal system requirements so 

that the GWP could run on almost any reasonably powerful computer. A heuristic 

evaluation and task analysis provided a lightweight means to assess the interface through 

eight experimental sessions with users from a variety of backgrounds and expertise 

levels. 

The contributions of this thesis are several. First, it provides a review of important 

factors to be considered in the design and development of related systems. Second, the 

GWP prototype developed for the user testing sessions could easily be adapted into a 

working system to be used by practitioners. Third, it provides positive support for the 

evaluation method used, owing to the speed and ease of conducting experimental sessions 

and the feedback received from users. Fourth, trends in GWP usage across a range of user 

types have been identified which may have implications for other emergency crisis 
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management tools. Fifth, the prototype adheres to standard usability heuristics. Lastly, 

the use of Macromedia Flex for similar GIS-powered applications has been validated. 

Together, this work offers both a starting point in the development of GWP systems and a 

roadmap for future work.  

Future Work 

Unfortunately, time limitations prevented the exploration of many intriguing research 

questions for this thesis. So that other researchers and designers may find additional value 

in the present study, a roadmap for future work on the system is presented here. First, the 

specific suggestions for improvements to the GWP given by evaluators, listed in the 

Appendix, should be studied and, where possible, implemented. This allows for another 

set of user testing, this time conducted on GWP version 2. For this round of testing, it 

would be valuable to identify real-world users so that their needs can be identified. 

Knowledge elicitation techniques, when applied to these real-world experts, would 

provide further insight into the variety of ways in which they work and could also give 

clues about the extent to which people might be willing to use the system. These 

techniques may also allow researchers to create a prioritization of heuristics as described 

earlier. 

 The second and far more interesting area of future work would be to integrate the 

GWP with the NeoCITIES experimental test bed described in Chapter 3. Under this 

scenario, NeoCITIES provides an experimental platform, and the GWP provides 

additional functionality to be evaluated. There are three primary goals of the integration 
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of the two applications. First, it allows us to reuse the event firing engine used within 

NeoCITIES. Second, the NeoCITIES scenario structure can be applied to testing in a new 

domain, usability evaluations. Third, it allows researchers to assess the impact of GIS 

tools (by adding or subtracting tabs from the GWP, for example) on team problem 

solving.  

 There are several steps involved in making an effective integration of the GWP 

and NeoCITIES. First, NeoCITIES must be fully separated into its client and component 

parts, and generalized so that any client, such as the GWP, can talk to the server. Work is 

already being done on this front. Second, the information architecture within the 

NeoCITIES server must be redesigned to allow for an almost limitless combination of 

teams and roles. The “Fire, Police, Hazmat” model used in the application currently is not 

particularly applicable to the types of problems that the GWP is intended to solve. Third, 

the Web portal must be modified to include user interface elements which comply with 

the way the NeoCITIES engine works. For example, the GWP will need some sort of 

message tracker that includes event information. One possible course of action would be 

to modify the “Alerts” tab in the GWP to handle this role. There also must be some sort 

of resource allocation tool that the resource manager can use. This could be added as 

another tab or perhaps even a drawer in the Map Space, since resources are typically 

applied to some location on the map. 

 Perhaps the greatest achievement of this thesis work would be if it has 

implications not just to the research community but also to practitioners in the field and 

also to the many people who are affected each year by catastrophes such as tsunamis and 

earthquakes. This thesis was intended ultimately to be not a mere academic exercise but 



67 

 

rather an attempt to create a valuable tool that might one day, in some small way, help to 

better at least one person’s life by getting the right lifesaving information to the right 

people in the right place in the right form.

Chapter 7 
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Appendix A 
 

GWP Screenshots 

 

 

Figure 6 

Figure 6: The complete GWP interface 

 
 Figure 7 

 
Figure 7: Changing the organization in the Status Bar 
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 Figure 8 

Figure 8: Shared Space, the publicly-accessible map 

 
 Figure 9 

Figure 9: The Timeline Slider 

 
 Figure 10 

Figure 10: The Drawing Tools 
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 Figure 11 

Figure 11: The Wiki 

 
 Figure 12 

 
Figure 12: The Concept Maps tab 
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 Figure 13 

Figure 13: The Map Layers tab 

 
 Figure 14 

 
Figure 14: The Radar Map 
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 Figure 15 

Figure 15: The Search tab 

 
 Figure 16 

Figure 16: The Settings tab 
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 Figure 17 

Figure 17: The Messages tab 

 
 Figure 18 

Figure 18: The Chat tab 

 
 Figure 19 

Figure 19: The RSS tab 
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 Figure 20 

 
Figure 20: A user operating the GWP 
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 Figure 21 

Figure 21: GWP version 2 
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Appendix B 
 

Subject Background Information Sheet 

The following sheet was given to each experimental subject to help ground them to the 

scenario through which they would be working: 

Actors 

Actor Description 

Dr. Paul David Chief scientist at the Scientific Weather Observatory located in Mito, 

Japan. His staff of 5 specialists is charged with reviewing streams of data 

regarding weather patterns, earthquakes, and other variables in order to 

determine when to issue warnings. 

Dr. Jin 

Takahara 

Similar to Dr. David's position, but with less power, Dr. Takahara is 

the chief scientist at the Santa Monica Weather Observatory. As part of the 

Tsunami warning network, he does not have the authority to issue anything but 

a local warning. His role is to analyze local data and disseminate the results 

through the headquarters in Hilo, HI to all other stations.  

 

In this scenario, you will be evaluating the interface using the persona of Dr. 

Takahara. 
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Context 

Tsunamis are an unpredictable natural disaster resulting from a number of 

disturbances in nature. They can be caused by earthquakes, land slides, and explosions 

located both under water and on land. Their occurrence is strongly correlated to strong 

earthquakes registering higher than 7.0 on the Richter scale. An earthquake can cause the 

displacement of water in the ocean forcing millions of gallons of water to be displaced 

and travel as a wave for thousands of miles at speeds higher than 500 mph. This means 

that even though the epicenter for an earthquake may be located on the west coast of the 

USA, its effects are likely to be felt across the pacific in the Hawaiian islands through to 

the eastern coat of Asia.  

Historically, Tsunamis have been almost impossible to predict and resulted in 

great losses. Striking unexpectedly, the rise in water levels destroys property and claims 

lives. Witness accounts, scientific data, and other measurements collected during 

Tsunamis in the last 100 years have helped us understand the nature of these disasters. 

Despite our growing knowledge, tsunamis are still able to wreck havoc around the world 

as shown by the Asian Tsunami of 2004.  

Protocols for evacuation, preparation, and warning in case of Tsunamis are often 

ignored due to past false alarms. Relief efforts, although noble at heart, suffer from lack 

of coordination, limited resources, and many other problems. These activities must be re-

evaluated in the context of information sharing through collaborative technology in order 

to increase their effectiveness.  
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The time difference between the west coast of the US and the Japanese mainland 

make most collaboration efforts difficult. For example, when it is 7:30 Tuesday morning 

in LA and everyone is on their way to work, it is 12:30AM Wednesday in Japan and most 

people are at home sleeping. Furthermore, once a communication link has been 

established between countries participants must deal with the language barriers and 

differences in measurements and protocols. Thus, international collaboration is incredibly 

difficult.



 

 

Appendix C 
 

Scenario Tasks 

The following are the scenario tasks which each subject completed: 

1. You have just arrived at work and are ready to begin your day. Like you do every 

day, you need to spend a few minutes catching up on items you have missed while 

away from the office. Locate the most recent alert available to you and click on it 

to read its description. 

2. The alert you found mentioned something about an earthquake. Run a system-

wide search for the term “earthquake” and browse the search results. 

3. Seeing nothing out of the ordinary in the search results, you decide to check some 

of your lower-priority RSS feeds. You are particularly interested in Reuters 

stories, so sort the list by source and then click the headline from that particular 

source. 

4. Reuters ran an article about reported Chilean earthquakes. Your colleague Dr. 

David is based in Chile, but for some reason you have been unable to reach him 

by phone. Instead, compose a message to Dr. David. 

5. Dr. David has responded to you and said he is in the office and available to talk 

now. View the instant message he has sent you. 

6. Dr. David mentions that he didn’t feel anything out of the ordinary, like the 

ground shaking. Activate the seismic activity map layer to view the latest data. 
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7. You and Dr. David discuss seismic activity in chat. He reports seeing very high 

activity, but you don’t. Using the Web portal tools, identify what part of the world 

Dr. David is looking at.  

8. It turns out that Dr. David’s map wasn’t centered correctly, and you send him a 

message to that effect. He corrects his mistake, then makes a few annotations on 

the map that he thinks you should see. Go to the view that would allow you to see 

those annotations. You would like to be able to simply hold your mouse over the 

annotation in order to get more information about it. 

9. Some of your colleagues in the office have made GPS data and map points 

available that may be of value in your investigation of the reported earthquakes. 

Upload that data to your map. 

10. After seeing the data, the event seems to be familiar to you. Take a look at how 

your map looked on June 3rd, which your records indicate had similar seismic 

activity, although in the end it was a false alarm. 

11. You are starting to believe that the seismic activity may be indicative of an 

impending tsunami. Consult the UN-provided concept map for instructions on 

how you might proceed if your fears are realized. 

12. Alert your peers to the area of the problem by drawing a circle around Chile on 

the public map. 

13. An evacuation of affected areas is needed. Download the Microsoft Word file 

containing evacuation instructions. 

14. Call the mayor of Santiago by looking up his office phone number in your address 

book. 
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15. You are interested in making an estimate of possible damages from a tsunami. 

Bring up the workspace from the Indian Ocean tsunami project so you can see 

that information and make comparisons. 

16. Some time has passed, and you feel you have done all you can do deal with 

situation. Before leaving work for the day, modify the Wiki to include what 

you’ve done today. 

17. You will be working in Washington, D.C. tomorrow. Update the system settings 

so that it knows which time zone you’ll be in and timestamp your documents and 

actions appropriately
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User Suggestions and Quotations 

The following is a complete list of GWP design suggestions and select quotations 

gathered from users during experimental sessions, sorted by user: 

1 (0) 

·  Enlarge slider thumb size 

·  Group files tab into projects 

·  “It’s intuitive to think if you’re looking up past files, you’re looking up past 

projects” 

·  Move settings to a menu, not a tab 

·  Are settings associated with a project? If not, put them in a menu bar 

·  Rename “Radar Map” 

·  Clicking on a concept should highlight other parts of the system 

·  Slider should be a calendar instead 

·  Rename “RSS” to “News” 

·  Add a way to close a tab in the chat panel 

·  Have a way to do group chat 

·  Groups in the chat collaborators list 

·  Have a way to view others’ project/org/role 

·  Have the ability to drag notes and annotations to the wiki 

·  Make mouse-over the default view behavior 
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·  Make windows minimizable 

·  “I’m picky on aesthetics” 

·  Decide what is saved between user sessions 

1 (5) 

·  “I’m not sure why kcanning was a tab” 

·  “I rarely use instant messaging” 

·  Have a way to view only your annotations. Provide a legend with various radio 

buttons to select whose annotations to view, or multiple annotation map layers 

·  Create a drawer for drawing tools 

·  Create a tab in the map space in the radar map 

·  Rename “Radar Map” 

·  Show alerts in the map if they have a geotag 

·  Timeline: “That’s a nice feature” 

·  Show a security alert when the current data includes classified information 

2 (0) 

·  Sorted by time “Just to make sure” 

·  Make clicking on a collaborator name bring up a chat tab 

·  About the GPS Upload button: “I know it was on the bottom.” When found it, 

“makes sense” 

·  “I wasn’t sure if their would be different concept maps based on the current 

project” 

·  Allow for tabs in the concept map viewer 
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·  Step 12: “I’m not sure if I can do it on the public map” 

·  How can private annotations be pushed up to the public map? 

·  “Everything’s displayed. It’s pretty user friendly” 

·  “I think the red border was a really good idea. It reminds you it’s not yours” 

·  Make annotations visible even if the accordion isn’t displayed 

·  Make map default size taller 

·  Put map layers in drawer 

2 (5) 

·  Put user list in radar map tab 

·  “It’s a nice layout” 

·  Be able to draw a circle on the mini map 

·  “It’s good. I like this” 

·  Turn tabs into windows 

3 (0) 

·  Put a tooltip on the drawing tools 

·  Put layers closer to map tools 

·  Rename Radar Map 

·  “I’m not used to the tools hiding” 

·  “I looked for something in the display to tell me what to do and where to go” 

·  “It’s a little busy” 

·  “I think more of the prototype should be working” 

3 (5) 
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·  Highlight the active tab more clearly 

·  “I think people who are familiar with what their job is would be willing to use this 

interface very quickly” 

·  Create a way to close tabs 

·  Double-click on a collaborator should open a new tab or bring existing tab to front 

·  Divide screen with map on left half, info on upper third of right, and collab on 

lower two-thirds of right 

4 (0) 

·  “Overall, it was very easy to find things” 

·  Increase default map size 

·  Expected map layers to be in accordion 

·  Add radar map tab to map space 

·  Didn’t see Address Book button in control bar because it was at bottom 

·  Redesign chat tab layout (see notes for sketch) 

·  Support clicking on time to change time zone 

·  “A lot of it is really natural to use” 

4 (5) 

·  On clicking rapidly through every tab: “It’s a reflex I have from using a browser” 

·  “I forgot to click over to shared space” 

·  People might not know what time zone you’re in 

·  Make map bigger 

·  “A lot of features and a lot of details you can change”
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Source Code and Live Demonstration 

The complete source code for GWP versions 1 and 2 is available at: 

http://psylocke.ist.psu.edu/GWP.zip 

Note that you will need the Macromedia Flex 1.5 Server in order to run the files. If you 

cannot run the server or do not want to, a live demonstration of version 1 is available at: 

 http://psylocke.ist.psu.edu:8700/samples/GWP/GWP.mxml 

Version 2 is available at: 

 http://psylocke.ist.psu.edu:8700/samples/GWP2/GWP.mxml

 


