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ABSTRACT 

Technological innovations in the last few years offer a new digital medium for 

map making, opening a wide range of possible interactions between the user and the map 

interface. Nowadays, web-mapping applications are a common way to deliver geographic 

data through the internet; and within the ocean mapping community, there is a demand for 

visualizing and downloading data online for navigation, engineering, natural resources, 

ocean modelling or habitat mapping purposes. However, the existing web-mapping 

applications are simple data repositories for data download, and the user point of view and 

context of use is not usually considered. In this research, a User-Centered Design (UCD) 

approach was applied for the development of a web-mapping application, considering 

only one kind of ocean mapping users, ocean modellers. A work domain analysis was 

conducted as the first stage of the methodology, to determine the required application 

functionalities and content, followed by the development of a web mapping application 

prototype. The application was then evaluated by users, closing the loop of the UCD 

methodology. The results of the evaluation show a useful tool, high user satisfaction, and 

states a wide range of recommendations and a need for new functionalities. This research 

will enlighten the ocean mapping community with the data and the spatial functionalities 

that ocean modellers demand, putting together these two related fields. Moreover, it will 

serve as the foundations for future development and improvement of the web mapping 

application within the Ocean Mapping Group (OMG) at the University of New Brunswick 

(UNB). 
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1. Introduction  

Ocean mapping embraces the study of the nature and configuration of the sea and 

the seabed, including the bathymetry, subsurface, and the sea and water masses 

characteristics and dynamics. Determining the nature of the sea implies the collection of 

a large amount of heterogeneous data, which is captured or extracted from different 

platforms and sources (e.g. multibeam and sub-bottom data, Conductivity, Temperature 

and Depth (CTD) profiles and tidal data, and Acoustic Doppler Currents Profiler (ADCP) 

data). There is a demand for visualizing and downloading this data online, making it 

available to the scientific community, which requires it for navigation, engineering, 

natural resources, ocean modelling or habitat mapping applications.  

The way geospatial data is usually made available to the scientific community is 

through Web Mapping applications. Technological innovations in the last few years have 

influenced the way maps are designed, offering a new digital medium and increasing the 

possibilities for the user to interact with it. Web-mapping tools combine different types of 

geospatial data and map layers from different sources into a single viewing environment 

using the Web, where a user can interact with a map online (Tsou and Curran, 2008). The 

Ocean Mapping Group (OMG) at the University of New Brunswick (UNB) currently 

collects ocean mapping data and distributes it online, using web-mapping tools for 

multibeam data (Muggah, 2011). In the United States, web-based mapping services have 

been adopted by the federal government to deliver ocean mapping data (NOAA 

Bathymetry viewer, n.d.; NOAA tidal and currents viewer, n.d.; NOAA Real-time Coastal 

observations, n.d.). 
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Regarding the users that would visualize, download or interact with this data; 

ocean modellers use ocean mapping data to generate models of the ocean circulation. The 

first step for an ocean modeller is to define the model boundaries, using the bottom of the 

oceans (bathymetry), one of the main ocean mapping products. After the modelling 

process is completed, the model output allows the calculation and prediction of ocean 

parameters, which is a useful product for ocean mapping. Making ocean data available 

would benefit these two related fields which depend on each other, ocean mapping and 

ocean modelling. 

1.1 Problem Statement and Contribution 

During the process of generating an ocean model, scientists need to gather as much 

ocean data as is available for a region. This procedure is sometimes tedious since the ocean 

modeller needs to gather data from different sources and data might not be available or 

might not be easy to access (Figure 1). An opportunity exists in geomatics to design web-

mapping applications that engage users and meet user needs (Maceachren, 2013). 

However, most of the web-mapping applications that deliver ocean mapping data are 

simple data repositories, focused on the data or the available technologies, and the user 

point of view and the context of use is usually forgotten (e.g. NOAA Bathymetry viewer, 

n.d.; Muggah, 2011). The concept of focusing on the user and the context of use is 

included in User Centered Design (UCD). UCD describes the approach followed for the 

creation of a product in which end-users influence how the design process takes shape, 

considering their needs and expectations (McLoone, Jacobson, Hegg & Johnson, 2010). 

One of the challenges related to UCD approaches is the diversity of the users (Tsou and 
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Curran, 2008), that leads to different needs of information services and thus, may require 

different types of user interfaces. There is always the question of whether to create 

multiple customized user interfaces for various users, or to provide one single user 

interface for all different users. 

 

Figure 1.- Existing gap between Ocean Mapping Users and Ocean Mapping Data 

The hypothesis of this thesis is that UCD can be applied to the development of web 

mapping applications that use ocean mapping data, bridging the gap between ocean 

modellers and the data (Figure 2). Therefore, this research develops an ocean web 

mapping application for ocean modellers combining existing UCD frameworks and 

methods.  
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Figure 2.- User-Centered Design of Web Mapping Applications as the bridge between Ocean 

Modellers and Ocean Mapping Data 

The main contribution of this work is the application of a UCD framework to the 

creation of a web mapping application for ocean modellers. An analysis of the ocean 

modelling field will enlighten the ocean mapping community with the data and the spatial 

functionalities that ocean modellers demand, putting together these two related fields. 

Furthermore, the prototyped application will serve as the foundations for future web 

mapping developments within the ocean mapping field and the OMG at the University of 

New Brunswick. Since the framework will be based in UCD techniques, efforts are made 

on creating the right product for the right people, and the same or similar frameworks 

could be extended and applied to other kinds of ocean mapping users (e.g. habitat 

mapping). 

 

 
OCEAN MODELLERS  

OCEAN MAPPING 
DATA 
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1.2 Research questions 

The main question of this research is the following: 

- How to bridge the gap between the users and the data that exists in the ocean 

mapping field? 

The hypothesis of this thesis is that UCD techniques and frameworks can be 

applied to the development of web mapping applications that use ocean mapping data. 

The resulting application would meet ocean modellersô needs and facilitate the creation 

of ocean models, improving utility and usability. To tackle the main research question, 

there are several secondary research questions: 

- Should the existing UCD frameworks be modified for this application? What kind 

of UCD methods should be applied? 

- What type of data should be made available to ocean modellers to facilitate the 

creation of an ocean model? 

- What type of functions should be made available to ocean modellers to facilitate 

the creation of an ocean model? 

- Would a web mapping application developed using UCD techniques be useful to 

ocean modellers for the creation of an ocean model? 

1.3 Research Objectives 

The main objective of this research is to develop a web mapping application for 

ocean modellers using a UCD approach. In order to achieve this objective, several 

secondary objectives have been identified: 
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- To review UCD frameworks and methods and select the ones most suitable for the 

development of the web mapping application. 

- To perform a needs assessment study and work domain analysis of ocean 

modellers that will determine data and functionality needs. 

- To implement a web mapping application prototype based on the results from the 

previous study. 

- To evaluate the web mapping application to test the usability and utility for ocean 

modellers and to identify future improvements, recommendations, and additional 

functionalities. 

1.4 Thesis structure 

This thesis is structured in six chapters. Chapter one introduces the research topic; 

explaining the motivation, problem, research questions, objectives and the research 

contribution to the scientific community. At the end of this chapter, the outline of the 

thesis structure is presented. 

Chapter two presents the theoretical background about UCD techniques and 

frameworks, along with existing web mapping technologies and applications. This 

reviews the core concepts in this investigation and discusses a literature review on UCD 

applied to web mapping applications. The conclusion for this literature review is that UCD 

processes have not yet been applied to ocean web mapping data applications. 
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Chapter 3 explains the methodology followed for the UCD process: work domain 

analysis, conceptual development, development of the prototype, user evaluation, and 

revised prototype.  

Chapter 4 shows the results obtained by applying the proposed methodology. Since 

the methodology applied is sequential, and the results from one step influence the next 

steps, each result is discussed and concluded at the end of each step. 

Finally, conclusions, and future work and recommendations are presented in 

chapter 5 and 6 respectively. Five appendices provide the informal interview notes, the 

online survey, the user evaluation form, the administrator manual, and the user manual.  
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2. Background 

Technological innovations in the last few years offer a new digital medium to 

make maps, expanding the possibilities for the user to interact with geospatial data. Map-

making science has switched from traditional cartography to web-based mapping, where 

now the role of the map maker has been transformed into a collaboration of efforts 

between spatial databases, web map servers, and map browsers (Tsou and Curran, 2008).  

The term interactive map embraces web maps, map-based applications, and other 

GIS or visualization tools that make use of a digital map as the interface to geographic 

information (Roth, Ross, and Maceachren, 2015). Nowadays, digital interactive maps are 

everywhere and in our everyday life, and they are the front-end of information systems in 

a variety of fields. People use maps on their phones, cars or computers to have access to 

spatial data, performing spatial queries and interpreting the geographical information. 

Cartographic interaction is defined as the two-way dialogue between a user and a 

map, mediated by a computing device (Roth, 2011). Such definition implies the distinction 

between two components (Beaudouin-Lafon, 2004): the interaction itself, as the sequence 

of requests-responses between the user and the map; and the interface, as the developed 

tool designed to support those interactions. The traditional cartographic communication 

model (Kolácný, 1969) and the cartographic communication model for interactive maps 

(Peterson, 1995), lack the inclusion of the user as a main component in the process of 

interactive map design and web-mapping. Schobesberger (2012) presents an updated 

cartographic communication model (Figure 3) where the user takes part in the design 

process and provides continuous feedback in all the stages. 
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Figure 3.- Updated Cartographic Communication model. Adapted from Schobesberger (2012). 

Tsou and Curran (2008) describe an interactive web-based mapping 

communication framework where maps are dynamic objects that can be transferred and 

requested between web map servers and map browsers. They highlight the distinction 

between the traditional cartographic communication model and their framework, where 

the role of the map user is considered and there is a near real-time user feedback. (Figure 

4). 
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Figure 4.- The new user role in web-based mapping applications compared to traditional 

cartography. Adapted from Tsou and Curran (2008) 

2.1 General frameworks for UCD 

The term design has three main levels of meaning that shifts depending on the 

context of usage (Heskett, 2005): (a) Design as a field or concept, (b) Design as finished 

result, i.e. a product or an object (the concept made actual); and (c) Design as an action or 

activity, i.e. the approach, plan or process followed for the creation of a new object 

(product).  

Based on the last meaning of the word design, User-Centered Design (UCD) can 

be described as the approach followed for the creation of a new object in which end-users 

influence how the design process takes shape (McLoone et al, 2010). Therefore, the aim 

of UCD is to support the entire product development process with user-centered activities, 
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to create applications that are easy to use and match the needs of the intended user groups 

(Nivala & Sarjakoski 2007).  

UCD has great potential to improve user acceptance and productivity, and 

considering user needs promotes suitability for purpose, as it minimizes the need of 

redesigning the project (Nielsen 1992). There are several situations in which the 

application of UCD methods is highly recommended: there are demanding user needs, the 

product needs to be used under difficult conditions or situations, user tasks are unknown, 

the situations where the product is going to be used are unknown or there are a variety of 

different users which will be using the product (Nivala & Sarjakoski, 2007). 

User-centered design can be applied to cartography, assisting the development of 

interactive maps and web-based mapping tools. There are several general theoretical 

frameworks for UCD that have been applied to cartographic products. 

The ISO standard 9241 210 (ISO, 2010) ñErgonomics of human-system 

interaction -- Part 210: Human-centred design for interactive systemsò describes a general 

framework for UCD. The framework sets out the major human-centred design activities 

that are carried out in designing an interactive system, not specifying a particular process 

or technique. These activities are the following (Figure 5): (a) Understand and specify 

context of use (analysis), (b) Specify user requirements (specification), (c) Produce design 

solutions to meet these requirements (design), (d) Evaluate design against requirements 

(evaluation). The process is not sequential and the activities must be iterated until the 

desired result is achieved. 
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Figure 5.- ISO 9241 framework schema. Adapted from ISO 9241-210 (ISO, 2010) 

This framework presents UCD as a general idea to be applied to any kind of 

system, and there are more specific frameworks that adapts the UCD process to web 

design. The origins of the Web were all about information, a medium for publishing 

documents and files and linking them to each other. However, as the technology advanced 

and new functionalities were added to Web browsers and Web servers, the Web developed 

more complex features that enabled the collection and manipulation of information, 

becoming interactive.  

Regarding web interfaces design, Nielsen (1992, 1994) adapted and popularized 

the eight user interface design golden rules (Shneiderman, 1987), emphasizing the 

importance of iterative evaluation and revision during the UCD process. He developed a 

usability engineering model based on eleven elements: 

(0) Consider the larger context. The first stage aims at understanding the target 

user population and user tasks placed in context. 

(1) Know the User. Assess needs of target users to understand individual user 

characteristics and user tasks in order to build user profiles and use case scenarios. 

(2) Competitive Analysis. Existing and competing products are often the best 

prototypes of a product. A competitive analysis critically compares existing products 
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supporting similar use cases to determine how the proposed product should look like to 

fill unmet needs. If several products are available, a comparative analysis of the different 

approaches to the user interface design can be done, providing ideas for new design and 

guidelines for good or bad approaches. 

(3) Setting Goals. Formalize a requirements document of proposed functionality 

to guide design and development using the insight from the needs assessment and 

competitive analysis. 

(4) Participatory Design. A set of target users are recruited to participate in the 

conceptual design of the interface. 

(5) Coordinated Design. The design must be coordinated across every 

development project team to achieve a consistent product identity. 

(6) Guidelines and Heuristic Analysis. The interface must be evaluated according 

to guidelines: generalized insights generated from the scientific investigation of digital 

interfaces; and heuristics (well-accepted, overarching design principles drawn from 

experience). 

(7) Prototyping. Create static or interactive mock-ups of the interface. 

(8) Empirical Testing. Recruit a representative set of target users to evaluate the 

utility and usability of numerous prototypes during their evolution. There are two different 

kinds of evaluations: (a) formative, the feedback solicited in the early to intermediate 

stages of the project; and (b) summative, conducted on the full release of the interface to 

determine if the usability and utility goals have been achieved. 

(9) Iterative Design. The interface must be revised based on feedback from the 

analysis and empirical testing. 
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(10) Collect Feedback from Field Use. Acquire feedback about the interface after 

it is transitioned into the field to inform future product releases. 

Garrett (2002), in his book ñThe Elements of User Experiences: User-centered 

Design for the Webò, describes five progressive stages of website design and 

implementation procedures, dividing them into web as software interface (task 

oriented/functionality) and web as hypertext system (information oriented):  

- Stage 1: Strategy plane. The first step is to consider strategic concerns: user needs 

and product objectives.  

- Stage 2: Scope plane. The strategy is transformed into requirements: functional 

specifications and content requirements (information).  

- Stage 3: Structure plane. The scope is given structure through interaction design 

(functionality), defining how the system behaves in response to the user and 

through information architecture (arrangement of content). 

- Stage 4: Skeleton plane. The structure is made concrete, breaking down into three 

components: information design (presentation of information in a way that 

facilitates understanding, interface design (functionality) and navigation design 

(interface for an information resource). 

- Stage 5: Surface plane. The sensory experience created by the finished product. 

Figure 6 shows every plane, comparing the duality between the web as 

functionality (left) to the web as information (right) and emphasizing the two major 
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components of websites: content design (information architecture) and user interface 

design.  

 
 

Figure 6.- Garrett's 5 stage model for web design, emphasizing the two major components of 

websites: content design (right) and user interface design (left). Adapted from Garret  (2002) 

One clear aspect of all these frameworks is that applying UCD to web interface 

design involves multiple interface evaluations and revisions until the interface meets user 

needs and support user case scenarios. However, how could this interface success be 

measured? Interface success addresses the issue of whether the interface can be used to 

achieve the desired goals, and can be measured using two concepts: utility and usability 

(Grudin, 1992). Usability is a quality attribute that assesses the ease of using an interface 

to complete the user's desired set of objectives; while utility describes the usefulness of an 

interface for completing the userôs desired set of objectives (Grinstein, Kobsa, Plaisant, 

Shneiderman, and Stasko, 2003). There is often a controversy of what should come first, 
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usability or utility, and focusing on one or another will lead to two different kind of 

interfaces: (a) expert-interfaces, that provide great utility, but are difficult to learn and use; 

and (b) general-use interfaces, that require little or no learning to use, but support only a 

small set of user tasks (Robinson, Roth, and MacEachren, 2011). A geomatics example of 

these two-different kind of interfaces, would be ArcGIS (expert and utility oriented) 

against Google maps (general-use and usability oriented).  

Roth, Ross and Maceachren et al. (2015) argue that to achieve interface success in 

web mapping applications, iterative user Ą utility Ą usability loops need to be addressed: 

first, user needs and characteristics are determined; second a utility threshold is set to 

respond to these user characteristics and needs; third, the usability of interface design is 

improved within the utility threshold; and finally, the users evaluate the interface, 

initiating a new loop in the process. These are the three uôs for interface success (Figure 

7).  

 

Figure 7.- The Three U's for interface success. Adapted from Roth et al. (2015) 
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2.2 Methods for interface evaluation 

One of the challenges of applying a UCD approach, is selecting the method used to 

evaluate the interface. The frameworks provide guidance in the process of iterative 

evaluations and revisions, but they do not identify what method to use in each stage. There 

is a wide diversity of methods available, which combined, allow the compilation of user 

information and needs to evaluate the utility and usability of an interface. Bowman, 

Gabbard and Hix (2002) suggest that six questions need to be addressed prior to selecting 

an interface evaluation method: (1) What would be the goals of the interface evaluation 

method?; (2) When would the interface evaluation method be used?; (3) In what situations 

would the interface evaluation method be useful?; (4) What would be the costs of using 

the interface evaluation method?; (5) What would be the benefits of using the interface 

evaluation method?; and (6) How are the results of the interface evaluation method used 

to improve the interface? 

Several scholars organize the interface evaluation methods according to the 

recommended stage in the UCD process during which the method should be applied 

(Marsh, S. L., 2007; McLoone et al. 2010). Marsh, S. L. (2007) in her thesis Using and 

evaluating HCI techniques in geovisualization, distinguishes between frameworks, 

methods, data collection and data analysis techniques (Table 1). Frameworks are 

structures in which different methods can be applied, data collection techniques can be 

used within different methods, and data analysis techniques describe some of the methods 

that can be applied to data recorded within certain frameworks, methods or techniques. 

Then, she identifies at what stage frameworks and methods can be implemented in the 

design process. Schobesberger (2012) presents a similar classification for study designs: 
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formative, summative, comparative, longitudinal, case studies, remote studies and budget 

usability testing; and presents different data collection methods: interview, survey, 

observational and product analysis methods.  

Table 1.- HCI methodologies described by Marsh (2007) 

Frameworks Methods 
Data Collection 

Techniques 

Data Analysis 

Techniques 

Formative Usability testing Questionnaires Content analysis 

Summative Field Studies Interviews/demos ANOVA 

Quick and dirty Predictive Evaluations Focus Groups Severity rating 

Longitudinal Heuristics Evaluations Verbal protocol analysis Problem frequency 

Convergence 
Cognitive 

Walkthroughs 
Onscreen Capture Performance 

Case Study Co-Discovery Diary/Note keeping Subjective analysis 

Remote Study Task Analysis Scenarios Discourse Analysis 

Participatory 

Design 
 Affinity Diagramming  

  Card Sorting  

  User Defined Tasks  

  Product Defined Tasks  

  Paper Based Prototyping  

 

However, Roth et al. (2015) argue that a classification of interface evaluation 

methods based on the stage they are applied is an oversimplification imposed for practical 

purposes, as there are methods that can be slightly modified to be applied at all the UCD 

process stages. Therefore, they propose a classification based on the evaluator that is 

performing the evaluation: (1) Expert-based methods: input and feedback comes from 

experts in the field; (2) Theory-based methods: the designers and developers evaluate the 

interface themselves using theoretical frameworks; (3) User-based methods: input and 

feedback comes from a set of target users. Table 2 presents a summary of the methods 

described, for which they provide a wide analysis of pros and cons, related methods, and 

a reference to an example when applied in geomatics. A general definition for the method 

and a description of the references have been added to Table 2. 
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Table 2.- Interface Evaluation methods presented by Roth et al. (2015). Definitions and applications have been added to the table. 

Methods Related methods Definition Reference Application 

E
x
p

e
rt-

b
a

s
e

d 

Guidelines & 

heuristic 

evaluation 

Rules of thumb 

Evaluation of an interface 

design by applying a set of 

heuristics or relevant design 

guidelines (Bowman et al. 

2002). 

Hix. et al. 

(1999) 

Expert heuristic evaluation applied to 

visualization in a virtual environment, 

not following specific user task 

scenarios. 

Conformity 

assessment 

Feature 

inspection, 

Consistency 

inspection, 

Standards 

inspection, 

Guideline 

checklist 

Evaluation of an interface 

by evaluating the 

consistency against expert-

field guidelines/standards. 

Kostelnick et al. 

(2008) 

Conformity assessment to cartographic 

guidelines of symbols for humanitarian 

demining 

Cognitive 

walkthroughs 

Pluralistic 

walkthroughs, 

prototyping, 

storyboarding, 

wizard of oz. 

Evaluation of an interface 

stepping through user tasks 

and evaluating the ability of 

the interface to support 

them (Bowman et al. 2002). 

Richards & 

Egenhofer 

(1995) 

Extension of cognitive walkthrough 

method, combining task analysis and the 

Keystroke-Level to compare two GIS 

user interfaces for map overlay. 

Roth et al. 

(2017) 

Cognitive walkthroughs of two 

wireframes for a Lake water level 

viewer 
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T
h

e
o

ry
-b

a
s
e

d 

Scenario-

based design 

Personas, use 

case scenarios, 

scenarios of use, 

context of use, 

theatre 

Scenarios are 

characterizations of users 

and their tasks in a 

specified context, offering 

concrete representations of 

a user working with a 

product in order to 

achieve a particular goal. 

MacEachren et 

al. (2008) 

Development of a use case scenario to 

portray the features of a web-based GIS 

enabled cancer atlas. 

Secondary 

sources 

Content 

analysis, 

competitive 

analysis. 

A competitive analysis 

study is a usability 

engineering method 

administered to critically 

compare a suite of similar 

applications according to 

their relative merits 

(Nielsen 1992), I.e. a 

content analysis of 

secondary sources. 

Roth et al. 

(2015) 

Competitive analysis for evaluating 

water level visualization tools, 

comparing them across representation 

and cartographic interaction. 

Automated 

evaluation 

Unmoderated 

user-based 

methods, 

adaptive 

interfaces, 

automated 

interaction logs. 

Any kind of evaluation 

performed by a software 

automatically. 

Stanney et al. 

(2003) 

Development of MAUVE, Multi-criteria 

assessment of usability for virtual 

environments, an automated tool that 

assists designers and evaluators of VE 

systems 
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U
s
e

r-b
a

s
e
d 

Participant 

observation 

Ethnographies, 

field 

observation, 

MILCs, 

journal/diary 

sessions, 

screenshot 

captures, 

interaction log. 

Technique for observing 

people by joining them in 

their working environment 

and analyze how they 

perform their activities, 

how they use the computer 

softwareé 

Robinson et al. 

(2005) 

Ethnographic case study where one of 

the developers worked together with an 

epidemiologist to uncover 

issues regarding the functionality 

and usefulness of a geovisualization tool 

for epidemiology 

 

Surveys 

Questionnaires, 

entry/exit 

surveys, blind 

voting, 

cognitive 

workload 

assessment. 

Written set of questions 

used to obtain user 

information 

(Bowman et al. 2002). 

Robinson et al. 

(2011) 

Needs assessment survey with targeted 

end- 

users for designing a web-based learning 

portal for geographic visualization 

and analysis in public health 

Roth et al. 

(2015) 

Formative and summative Online 

Survey using discrete scale ratings and 

unstructured form fill-in free response 

questions, as a part of a whole UCD 

process for the development of a crime 

analysis tool 

Kostelnick et al. 

(2008) 

Basic survey about improvement over 

previous symbols for humanitarian 

demining (yes/no answer). The 

participants were also encouraged to 

provide written comments or 

suggestions. 
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Interviews 

Structured 

interviews, 

semi-structured 

interviews, 

unstructured 

interviews, 

contextual 

inquiry. 

Technique for gathering 

information about users by 

talking to them directly. 

Slocum et al. 

(2003) 

Combination of individual interviews 

and focus groups conducted for three 

distinct groups of participants: novices, 

geography students, and domain experts 

for the development of a Program for 

Exploring Spatiotemporal Point Data. 

Roth et al. 

(2015) 
Needs assessment interviews. 

Roth & 

Harrower (2008) 

Cognitive interview that allows 

participants to discuss their experience 

after the completion of user tasks, 

allowing the user to share their thoughts 

and comments. 

Focus groups 

Supportive 

evaluation, 

workshops, 

Delphi, e-

Delphi. 

Way of gathering data 

through group participantsô 

interaction 

(Krueger, 2014). 

Kessler et al. 

(2000) 

Using focusing groups to evaluate a data 

exploration system for the submarine 

conflict of 1939-1945 

Robinson, Chen, 

Lengerich, 

Meyer and 

MacEachren 

(2005) 

Focus group to discuss a 

geovisualization tool, using two 

moderators to lead the discussion. 

Kostelnick et al. 

(2008) 

Participants were assembled together to 

discuss various aspects of the prototyped 

symbols for humanitarian demining in a 

guided group discussion. 
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Card sorting 

Q methodology, 

concept 

mapping, 

affinity 

diagramming, 

brainstorming. 

Technique to explore how 

people group items using 

cards. Participants are 

asked to group items in a 

way that makes sense to 

them, naming 

the resulting groups 

(Gaffney, 2000). 

Roth et al. 

(2011) 

 

 

Describes a framework for the 

experimental design settings for the card 

sorting method applied to structuring 

and refining large map symbol sets. 

Robinson et al. 

(2005) 

Card-sorting method applied to trying 

and reorganizing the interface. 

Talk aloud/ 

think aloud 

studies 

Verbal protocol 

analysis, co-

discovery study. 

Ascertaining the internal 

processing conducted by a 

user while carrying out a 

task. Users are asked to 

verbalize what they are 

thinking while interacting 

with the interface. 

(Haniff and Baber, 2003). 

Roth & 

Harrower (2008) 

Formal evaluation of an interactive 

map using verbal protocol analysis. 

Robinson et al. 

(2005) 

Verbal protocol analysis combined with 

follow-up focus groups to capture the 

details inherent in the epidemiological 

workflow and user reflections and 

comments. 

Roth et al. 

(2015) 

Expert-based think aloud study on the 

alpha released prototype using design 

experts outside of the project team. 

Interaction 

studies 

Performance 

measurement, 

controlled 

experiments 

Capturing usersô interaction 

with the interface, 

generating interaction logs 

that need to be analysed. 

Edsall (2003) 

Two-phase evaluation where the 

interaction log of the user using the 

interface was recorded and then 

analyzed for a GIS for exploration of 

multivariate health statistics. 
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2.3 UCD for geomatics applications 

Web-interface principles can be applied to web-mapping applications as a set of 

practical guidelines for their design and implementation processes. The existing UCD 

general frameworks (ISO, 2010; Garrett, 2002; Nielsen, 1992; Nielsen 1994) have been 

adapted and modified to develop geomatics applications. 

Gabbard et al. (1999) developed a UCD process for virtual environments which 

was modified by Slocum, Cliburn, Feddema and Miller (2003) to develop a water balance 

visualization tool, including six stages: (1) creation of a prototype; (2) domain expert 

evaluation; (3) software refinement; (4) usability expert evaluation; (5) additional 

software refinement; and (6) decision maker (i.e., target user) evaluation. The approach is 

interesting since the first step is to develop a prototype instead of gathering user 

information (unlike most of UCD processes). They argue that rapid prototyping might be 

beneficial in some cases when the designers/developers have expertise in the field, 

allowing to start the designing process faster.  

Robinson et al. (2005) recommended an iterative six stage UCD process for 

interactive maps, which include end-users through-out in each stage: (1) work domain 

analysis; (2) conceptual development; (3) prototyping; (4) interaction and usability 

studies; (5) implementation; and (6) debugging (Figure 8). 
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Figure 8.- Robinson et al. (2005) UCD framework. Adapted from Robinson et al. (2005) 

 Kramers (2008) redesigned the Web-Based Atlas of Canada following a UCD 

methodology based in three main stages: examination of business requirements, user 

requirements research and product and systems designs. He summarizes the value of UCD 

as the following points: reduction in the effect of poor and inaccurate assumptions, balance 

of business and user requirements, developers do not have to evaluate their own designs, 

increase user satisfaction and product effectiveness, and the right product is produced for 

the right reasons and for the right users. 

Van Elzakker & Wealands (2008, 2007) applied a UCD approach for mobile 

tourism applications based in three stages: analyze requirements, produce design 

solutions, and evaluate designs.  
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Tsou and Curran (2008) adapted the five-stage UCD framework described by 

Garrett (2002) to develop a Web-based Geospatial Information Service for the 

Management of Real-time Surface Water Hydrology in the United States, including the 

implementation of databases, web map servers and map browsers. 

Roth, Ross, Finch, Luo and Maceachren (2009) and Roth et al. (2015) modified 

Robinson et al. (2005) approach to develop a crime analysis visualization tool, performing 

the prototyping stage first as in Slocum et al. (2003).  

Later, Roth et al. (2015) improved this crime analysis tool, following iterative user 

Ÿ utility Ÿ usability loops described in Figure 7, and iterating a total of three times, 

applying different methods and evaluations in each of the steps: needs assessment study, 

expert-based think aloud study, formative online survey and summative online survey.  

Schobesberger (2012) presented an integrated framework for user-centered web-

map design and evaluation based on the model developed by van Elzakker et al. (2008, 

2007), but including additional elements related to web mapping applications. The four 

stages are: (a) application goals & requirements, (b) application/Cartographic concepts, 

(c) application/Map prototypes and (d) final application (Figure 9, grey). As can be seen 

in Figure 9, Project and Developers domain assists the establishment of application goals 

and requirements, the application environment domain assists the application concepts 

stage, and the guidelines are used to assist the design process in the application concepts 

and prototypes. Users (Figure 9, blue) assist all these four stages through user research 

and iterative evaluations.  
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Figure 9.- Integrated framework for user-centered web-map design and evaluation. Blue ovals 

represent the stages, blue ovals the users and yellow ovals the necessary input. Adapted from 

Schobesberger (2012) 

Macek (2012) also applied the Robinson et al. (2005) UCD model to develop the 

University of Victoriaôs International Connections Mapping Application, but conducted 

the work domain analysis in conjunction with the conceptual development stage. Elder 

(2013) implemented a web mapping service for the San Diego river watershed, using UCD 

and the sensor web. The methodology was based in four stages: user-needs survey, web 

map design and implementation, test group, and expert review. UCD has also being 

applied to interactive maps that use atmospheric data (Oakley et al., 2016).  

Roth, Hart, Mead, and Quinn (2017) designed the NOAA Lake Level viewer 

following the UCD framework described by Robinson et al. (2005). However, their 
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research is focused on the prototyping stage, where they developed two sets of wireframes 

to separately address the representation and interaction components of the user experience, 

which were evaluated using target users. 

UCD has also been used in the development and design of digital geospatial 

libraries and geographic applications, such as location based services (Delikostidis, 2011; 

Haklay & Nivala, 2010; Roth, 2011), geovisualization tools (Fuhrmann and Pike, 2005; 

Lloyd, 2009; Koh, Slingsby, Dykes, and Kam, 2011) and decision support tools (Argyle 

et al., 2017, Roth et al., 2009).  

As shown in the reviewed literature, UCD have been applied in Geomatics for 

more than a decade, using the general guidelines of the UCD traditional frameworks (ISO, 

2010; Garrett 2002; Nielsen, 1992; Nielsen 1994), and all of them having similar stages: 

know the user needs, conceptualize those needs, prototyping/implementation, and 

iterative usability studies until the needs are met. One of the most common frameworks 

applied is the one developed by Robinson et al. (2005) (Roth et al., 2009; Macek, 2012; 

Roth et al., 2015; Roth et al., 2017); however, there are other interesting approaches more 

focused on the user experience design and the technical development of web mapping 

components (Tsou and Curran, 2008). One difference between these frameworks, is that 

some of them perform the prototyping stage first, instead of gathering user information 

(Slocum et al., 2003; Roth et al., 2010). They give several reasons for this: (1) a prototype 

is sometimes necessary to receive enough funding to perform user analysis, (2) sometimes 

a midway managed project is taken over or the design is for a new version of an existing 

application, (3) the community of users might be yet unknown or not accessible at the 
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time of development, and (4) the initial prototype is meant for a specific group of users, 

but needs now to be improved to meet the needs of a broader user group. Therefore, rapid 

prototyping might be beneficial in some cases when the designers/developers have 

expertise in the field, allowing to start the designing process faster. 

A user-centered approach throughout all stages of design might seem essential for 

the successful design of Web-mapping applications; and there is an increasing desire of 

the users to be more involved in the conceptualization, evaluation, and refinement of their 

interactive mapping systems (Roth, 2015). Therefore, there have been several attempts to 

define UCD frameworks for interactive cartographic products and web-mapping 

applications.  However, apart from the reviewed literature, studies that involve all stages 

of UCD are still rare in geomatics (Flink et al., 2011). Research has not yet provided 

sufficient guidance for conceptualizing the overall UCD process nor the range of specific 

evaluation decisions needed. Other reasons for deviating from UCD approaches are the 

lack of access to the target users, the lack of time or money to involve the users, the 

potential of feature creep, and even a general belief held by designers and developers, that 

they know best (Roth et al. 2015).  

Although there are some applications related to ocean water resources and 

hydrology (Roth et al., 2017; Elder, 2013; Tsou and Curran, 2008), no web-mapping 

application using ocean-mapping data was found in the UCD literature. An extensive 

analysis of the existing web-mapping applications using ocean mapping data is presented 

in the competitive analysis section (Chapter 4). 
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2.4 Web mapping Applications 

Web-based mapping tools combine different types of geospatial data and map layers 

from different sources into a single viewing environment via the Internet. There are three 

major web mapping components which follow the traditional client-server architecture 

(Figure 10): databases, web map servers, and client-side web applications (running on a 

web browser). In order to develop a web-mapping application, all these components need 

to be considered: 

- Databases: a geographical database (which can handle coordinates and 

geographical features) constitute the foundations of web mapping applications. 

The databases are connected to the web map server to provide geospatial data. A 

user can also access the database directly using a proper Application Programming 

Interface (API) or using a Common Gateway Interface (CGI) architecture (Figure 

10). There are several well-known databases that offer spatial capabilities: (a) 

Commercial (Oracle Spatial); and (b) Open source (Postgres/PostGIS, Neo4j-

Spatial, MongoDBé). 

- Web Map Server. Web map servers retrieve data from the database or the file 

system, and provide spatial data and services to the client-side web mapping 

application. Considerations when choosing a web map server include the different 

mapping formats (drivers) and services (WMS, WFS, WPS, layer stylingé) that 

the server must provide. There are several well-known web map server engines: 

(a) Commercial (ArcGIS Server, ArcIMS, AutoDeskôs MapGuide) and (b) Open 

source (MapServer and GeoServer).  
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- Client-side web mapping application. The interface to the user which displays the 

map layers and spatial information, and it is developed using web mapping 

technologies. The data is retrieved, either from the map server or directly from the 

database (using an API or a CGI application) and presented to the user. Spatial 

functions and services can be supported by web map servers (WFS, WMS, WPS, 

WCSé) or through server-side scripts following the CGI architecture.  

 

Figure 10.- Traditional Client -Service Architecture in Web Mapping Applications 

Tsou and Curran (2008) described the relationship between these three web 

mapping components and the different UCD stages: 

- Databases. Database design should be carried out at the beginning of the prototype 

design stage. The data required in the applications is identified and a data object 

list must be formalized. The database is created by combining these data objects 

into an integrated relational database or multiple data files.  




















































































































































































































































































































































































































