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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, welmapping applications are a common way to deliver geographic
data through the internetnd within the ocean mapping community, there is a demand for
visualizing and downloading data online for navigation, engineering, naasalrces,
ocean modelling or habitat mapping purposes. However etigting 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, aGdsgered DesignCD)
approachwas applied for the development of a welapping application, considering
only one kind of ocean mapping users, ocean modellers. A work domain analysis was
conducted as the first stage of the methodqgléogydeterminethe required application
functionalities and content, followed blye development of web mapping application
prototype. The application was then evaluated by users, closing the loop of the UCD
methodology. The results of teealuationshow a useful tool, high user satisfactiand
states a wide range of recommendations and a need for new functionalitiess&€hrsh
will enlighten the ocean mapping community with the data and the spatial functionalities
that ocean modellers demand, putting together these two related Meld=mver, 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 embragtne study of the nature and configuration of the sea and
the seabed, including the bathymetry, subsurface, aadséa and water masses
characteristics and dynamics. Determining the nature of the sea implies the collection of
a large amount of heteragmus data, which is captured or extracted from different
platforms and sourceg.g. multibeam andsub-bottom dataConductivity, Temperature
and Depth €CTD) profiles andtidal data,andAcousticDopplerCurrents Profile(ADCP)
datg. There is a demand for visualizing and downloadimg data online, making it
availableto the scientific community, which requset for navigation, engineering,
natural resources, ocean modelling or habitat mapppédcations.

The way geospatial data is usually made available to the scientific community is
through Web Mapping applicatioriBechnological innovations in the last fewaye have
influenced the way maps are designed, offering a new digital medium and increasing the
possibilities for the user to interact with it. Weiapping tools combine different types of
geospatial data and map layers from different sources into a siaglieg environment
using the Web, where a user can interact with a map online (Tsou and Curran, 2008). The
Ocean Mapping GroufOMG) at the University of New BrunswickJNB) currently
collects ocean mapping data adustributesit online, usingweb-mapping took for
multibeam data (Muggah, 2011). In the United States;lasled mapping services have
been adopted by the federal government to delo@¥an mapping data (NOAA
Bathymetry viewer, n.d.; NOAA tidal and currents viewer, n.d.; NOAA Riez¢ Coasl

observations, n.d.).



Regarding the users that would visualize, download or interactthighdata;
ocean modéers use ocean mapping datageneratenodelsof the ocean circulatiohe
first stepfor an ocean modellés to definethe model boundarsgusingthe bottom of the
oceans (bathymetrypne of the maimocean mapping productéfter the modelling
process is completed, the modaeitputallows the calculation and prediction of ocean
parameterswhich isa usefulproductfor ocean mapping. Makghocean 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 madgntists need to gather as much
ocean data as 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 accg$dgurel). An opportunity existsn geomaticgo designveb-
mapping applications that engage users and meet user needs (Maceachren, 2013).
However, nost of the webmapping applicationshat deliver ocean mapping deadee
simple data repositoriefycused on the data or the available tethgies, and the user
point of view and the context of use is usually forgoteeg.NOAA Bathymetry viewer
n.d.; Muggah, 2011) The concept of focusing on theserand the context of use is
included inUser Centered &sign (UCD). UCDdescribes the appaoh followed for the
creation of a product in which eatsers influence how the design process takes shape
considering their needs and expectatiMisLoone Jacobson, Hegg & Johnsd010).

One of the challenges related to UCD approaches is the diveisitg users (Tsou and



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 usersto provide one single user

interface for all different users.

OCEAN MAPPING
USERS

OCEAN MAPPING
DATA ?

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

The hypothesis of this thesis is thBED can be applied to the development of web
mappirg applications that use ocean mapping data, bridging the gap bebwean
modellersand the datgFigure 2). Therefore, this research develogs oceanweb
mapping applicatiorfor ocean modeller€eombining existing UCD frameworkand

methods



OCEAN MODELLERS

OCEAN MAPPING
DATA

UCD of Web Mapping
Applications

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 ofa web mapping application for ocean modellés. analysis of the ocean
modelling field will enlighten the ocean mapping community with the data and the spatial
functionalities that ocean modellers demapdtting together these two related fields
Furthemore, 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 creding 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).



1.2 Research questions

The main questioof this researcks the following:
- How to bricge the gap between the users and the data that existe ocean

mappingfield?

The hypothesis of this thesis is tHACD techniques and frameworks can be
applied to the development of web mapping applications that use ocean mapping data.
The resulting pplication would meet ocean modelléreeds and facilitate the creation
of ocean models, improving utility and usability. To tackle the main research question,
there are several secondaggearclyuestions:

- Should theexistingUCD frameworks be modifiefibr this application®hat 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 isdevelopa web mapping applicaticior
ocean modellers using a UCD approach. In order to achieve this objective, several

secondary objectivdsave been identified:
5



- To review UCD frameworks and methods and select therapsetsuitable for the

development of the web mapping application.

- To peform a needs assessment study and work domain analysis ai ocea

modellers that will determingata and functionality needs.

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

previous study.

- To evaluate the web mapping applioatto test the usability and utility for ocean
modellers and to identify future improvements, recommendations, and additional

functionalities.

1.4 Thesis structure

This thesis isstructured in six chapters. Chapter one introduces the research topic;
explainirg 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.

Chaptertwo presentsthe theoretical background aboUCD tediniques and
frameworks, along withexisting web mapping technologies and applicatiofiis
reviews the core concepts in this investigatmaldiscusses literature review on UCD
applied to web mapping applications. The conclusiothigtiterature reiew is that UCD

processes have ngetbeen applied to ocean web mapping data applications.



Chapter 3xplains the methodolodgpllowed for the UCD process: work domain
analysis,conceptual developmentdevelopment of the prototypeser evaluationand
revised prototype

Chapter 4 showthe results obtained by applyitige proposed methodologyince
the methodology applied is sequential, and the results from one step influence the next
steps, each result is discussed emacluded at the end of eastep

Finally, conclusions, and future work and recommendations are presented in
chapter 5 and 6 respectivelyive appendices provide the informal interview notes, the

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



2. Background

Technological innovatiamin the last few yearsffer a new digital mediumto
make maps, expanding the possibilities for the user to interacyaopatial datdap-
making science has switched from traditional cartography tebasbd mappingvhere
now the role of the map maker has been transformed into a collaboration of efforts
between spatial databases, web map servers, and map brovgserandCurran, 2008)

The term interactive map embrasesb maps, mapased applications, and other
GIS or visualization tools that make use of a digital map as the interface to geographic
information(Roth,Ross, and Maceachren, 2018pwadays, digital interactive maps are
everywhere and in our everyday life, and they are the-godtof information gstems 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 interactiors defined as the twway dialogue betweea user and a
map mediated by a computing device (RdB11). Such definition implies the distinction
between two componeniBeaudouinLafon, 2004) the interaction itself, as the sequence
of requestgesponses between the user and the map; and thiadeteas the developed
tool designed to support those interactions. ffaditional cartographic communication
model (Kolacny, 169) and the cartographic communication model for interactive maps
(Peterson;1995) lack the inclusion of the user asyain canponent in the process of
interactive map design and walapping. Schobesberger2012) presentsan updated
cartographic communication moddtigure 3) where the user takes part in the design

process and provides continuous fee#baall the stages.



| Cartographer  User

Feedback Loop

Feedback Loop
Knowledge

Cartographic
of User

Selection and Cartographic Design Interactive
Abstraction Processing :: Prototype — Map/Interface — Language

Figure 3.- Updated Cartographic Communication model. Adapted from Schobesberger2012).

Tsou and Curran (2008 describe an interactive welbased mapping

communication frameworiwhere maps are dynamic objeth&t can be transferred and
requested betweenelv map servers and map browséisey highlightthe distinction
between the traditional cartographic communication model and their frameoeke

the role of the map user is considered and there is a rddime user feedbackFigure

4).



Traditional Cartographic Communication Model

Creating
Map Makers _ Maps

Spatial data

Being Used

Providing Feedback (not real time)

Interactive Web-Based Mapping Communication Framework

Provides data Provides maps Responding

I Web Map l
’ — Servers | {u—— Map Browsers g
Request data Request maps Requesting
Databases

Near real-time feedback and content changes

Figure 4.- The new user role in webbased mapping applications compared to traditional

cartography. Adapted from Tsou and Curran (2008)

2.1 General frameworks for UCD

The £rm designhasthree mainlevels of meaning that shifts jgending on the
context of usage (Heske®005): (a)Design as a field or concept, @gsign as finished
resut, i.e. a product or an objefthe concept made actugind(c) Design asnaction @
activity, i.e. the approach, plan or procefglowed for the creation of a new object
(product).

Based on the last raaing of the word design, Us@entered Bsign (UCD) can
be described as the approach followed for the creation of a new iobjdath endusers
influence howthe designprocesdakes shapéVicLoone et al, 2010)Therefore, the aim

of UCDis to support the entire product development process witkceséered activities
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to create applications that are easy to use and match the néeelsnténded user groups
(Nivala & Sarjakoski2007).

UCD has great potential to improve user acceptance and prodycawity
considering user needs promotes suitability for purpaseit minimizes the need of
redesigning the projecfNielsen 1992). The are several situations in which the
application of UCD methods is highlgcommendedhere 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 gpto be used are unknowen there are a variety of
different users which will be using the produdivala & Sarjakoski 2007).

Usercentereddesigncan be applietb cartographyassisting the development of
interactive maps and wdlased mapping toaldhere are several general theoretical
frameworks for UCD that have been applied to cartographic products.

The ISO standard9 241 210 (1 sO, 2010) -sydgielhr go n o n
interaction- Part 210: Humat e nt r ed desi gn fdescribesrageral act i v«
framework for UCD. The framework sets out the major hueemtred design activities
that are carried out in designing an interactive system, not specifying a particular process
or technique. These activities are the followikgg(re5): (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 nagsiential and the activities must be iterated until the

desired result is achieved.
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Understand and . Produce design Evaluate design
. Specify user . .
specify context of ) solutions to meet against
requirements

user requirements

use requirements

Iterate where appropriate

Figure 5.- ISO 9241 framework schemaAdapted from 1SO 9241210 (1ISO, 2010)

This framework presestUCD as a general idea to be applied to amd kof
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 medourpublishing
documents and filesndlinking them to each other. However, as the technology aédanc
and new functionalities were added to Web browsers and Web servers, the Web developed
more complex features that enablé collection and manipulation afformation,
becoming interactive.

Regarding webnterfacesdesign Nielsen (1992, 1994) adaptadd popularized
the eight user interface desiggolden 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:

(O) Consider thdarger context. fie first stage aims at understanding the target
user population and user tasks placed in context.

(1) Know the UserAssess needs dérget users to understand individual user
characteristics and user tasks in order to build user prafigsise case scenarios.

(2) Competitive AnalysisExisting and competing products are often the best

prototypes ofa product. A competitive analysis critically compares existing products
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supporting similar use cases to determine how the proposed produtd ook 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 GoalsFormalize a requirements document of proposed functionality
to guide design and developmeming theinsight from the needs assessment and
competitive analysis.

(4) Participatory DesignA set of target users are recruit@dparticipate in the
conceptal design of the interface

(5) Coordinated Design.The design must be coordinated across every
development project teata achievea consistent produdadentity.

(6) Gudelines and Heuristic Analysis. The interface must be evaluated according
to guidelines: generalized insights generated from the scientificgtigation of digital
interfaces; and heuristicavéll-accepted, overarching designingiples drawn from
experience).

(7) Prototyping Create static or interactiveock-upsof the interface

(8) Emprical Testing.Recruit a representative set of target users to evaluate the
utility and usability of numerous prototypésring their evolution. There are two different
kinds of evaluations: (a) formativéhe feedback solicited in the early toanmnedide
stages of the project; and (b) summato@ducted on the full release of the interface to
determine if the usability andility goals have been achieved.

(9) Iterative Design. fie interfacemust be revisetbased on feedback frothe

analysis and empcal testing.
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(10) Collect Feedback from Field Us&cquire feedback about the interface after
it is transitioned into the field to inform future product releases.

Garrett (2002), in his bookThe Elements of User Experiences: Usentered
Design for the Webd, 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 firstpsie 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 plan€he scope is givenrsicture 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 plan€he sensory experience created byfithished product.

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

functionality (eft) to the web as informatio(right) and emphasizinghe two major
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components ofvebsites: content design (infoation archiecture) and user interface

design.

Functionality  Information

Surface Sensory Design

Interface Navigation
Design Design

Information Design

Structure Interaction Information
Design Architecture
Functional Content

Scope Specifications | Requirements

User Needs

Strategy

Product Objectives

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 clar apect of all these frameworks tisat applying UCD to web interface
design involvesnultiple interface evaluations and revisions until the interface meets user
needs and support user case scenaHosvever, how could thisnterface successe
measured Interface success addresses the issue of whether the interface can be used to
achieve the desired goals, arah be measured using two concepts:tyutdnd usability
(Grudin, 1992). Usability is a quality attribute that assessesabe of using an iatface
to complete the @s's desired set of objectives; while utilitgscribes the usefulness of an
interface for compl eti ng (Grihsein iKebsaPldsant, d e s i r e

Shneiderman, and Stask#003). There is often a controversywdfat should come first,
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usabhlity or utility, and focusing a one or another will lead to two different kind of
interfaces: (a) experhterfacesthat provide great utility, bugre difficult to learn and use;
and(b) generaluse interfaces, thaequirelittle or no learning to s but support only a
small set of user taskRobinson, Roth, and MacEachren, 20 8ljeomatics example of
these twedifferent kind of interfaces, would be ArcGIS (expert and utility oriented)
against Google maps (geneuseand usability oriented).

Roth, Ross andlaceachrert al.(2015)arguethat to achieve interface success
web mapping applicationgerative used utility A usability loops need to be addressed:
first, user needs and characteristics are determinedndea 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 procesehee ar e the three &igwe for

7).

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

One of the challenges of applyiad CD approachis selecting the method used to
evaluatethe interface The frameworks provide guidance in the process of iterative
evaluations and revisions, but they do not identify what method to use in eacfistage.
is a wide diversity of methods aNable,which combinedallow the compilationof user
information and needs to evaluate the utility and usability of an interBm&man
Gabbard and Hix (2002uggest that six questions need to be addressed prior to selecting
an interface evaluation rtieod: (1) Whatwould bethe goals of the interface evaluation
method?(2) Whenwouldthe interface evaluation method be us€d8yIn what situations
would the interface evaluation methbe useful? (4) Whatwould bethe costs of using
the interface evahtion method?(5) Whatwould bethe 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 accorditite to
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 thegising and
evaluating HCI techniques in geovisualizatiosistinguishes between frameworks,
methals, data collection and data analysis techniquexblé 1). Frameworks are
structures in which different methods can be applied, data collection techniques can be
used within different methods, and data analysis techniques daesoriie of the methods
that can be applied to data recorded imittertain frameworks, methods mchniques.

Then, she identifieat what stage frameworks and methads be implementedn the

design processschobeserger(2012) presents a similar classétion for study designs:
17



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 byMarsh (2007)

Frameworks Methods Data Co!lection Data Arjalysis
Technigues Technigues
Formative Usability testing Questionnaires Content analysis
Summative Field Studies Interviews/demos ANOVA
Quickand dirty | Predictive Evaluationg Focus Groups Severity rating
Longitudinal Heuristics Evaluationd Verbal protocol analysis Problem frequency
Convergence ngcli?r?rlg\tjghs Onscreen Capture Performance
Case Study Co-Discovery Diary/Note keeping Subjective analysis
Remote Study Task Analysis Scenarios Discourse Analysis
Pagg:épi);:lory Affinity Diagramming
Card Sorting
User Defined Tasks
Product Defined Tasks
Paper Based Prototyping

However, Roth et al. (2015) argulkat a chssification 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 prepasclassification based on the evaluator that is
performing the evaluation: (1) Expdrased methods: input and feedback comes from
experts in the field; (2) Theotlyased methods: the designers and developers evaluate the
interface themselves using thetical frameworks; (3) Usebased methods: input and
feedback comes from a set of target us€ahle 2 presents a summary of the methods
described, for which they provide a wide analysis of pros and cons, related methods, and
a rderence to an example when applied in geomatics. A general definition for the method

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

Methods

Relatedmethods|

Definition

Expertbased

Evaluation of an interface

Reference

Application

Guidelines & desian by applving a set o Expert heuristic evaluation applied tg
o 9n by appying : Hix. et al. visualization in a virtual environment,
heuristic Rules of thumb | heuristics or relevant desig . o
; o (1999) not following specific user task
evaluation guidelines (Bowman et al. .
2002). scenarios.
Feature
inspection,
Consistency | Evaluation of an interface Conformity assessment to cartoaranh
Conformity inspection, by evaluating the Kostelnick et al. L deIinesyof svmbols for humangi;tarpi)a
assessment Standards consistency against exper (2008) 9 d)(laminin
inspection, field guidelines/standards 9
Guideline
checklist
Richards & Extension of cogitive walkthrough
- . : method, combining task analysis and
Pluralistic Evaluation of an interface Egenhofer K kel evel GIS
. walkthroughs, | stepping through user task (1995) SVEELENE] 1o BT IRl L
Cognitive 2 : . user interfaces for map overlay.
prototyping, | and evaluating the ability ¢
walkthroughs ; :
storyboarding, the interface to support
wizard of oz. | them (Bowman et al. 2002 Roth et al Cognitive walkthroughs of two
(2017) ’ wireframes for a Lake water level

viewer




0¢

Theorybased

Scenarie
based desiy

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 (

a user working with a
product in order to
achieve a particularogl.

MacEachren et
al. (2008)

Development of a use case scenario
portray the features of a wdiased 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), l.e. a
content analysis of
secondary sources.

Roth et al.
(2015)

Competitive analysis for evaluating
water level visualization tools,
comparng them across representatio

and cartographic interaction.

Automated
evaluation

Unmoderated
userbased
methods,
adaptive
interfaces,

automated
interaction logs.

Any kind of evaluation
performed by a software
automatically.

Stanney et al.
(2003)

Developnent of MAUVE, Multi-criteria
assessment of usability for virtual
environments, an automated tool tha
assists designers and evaluators of \
systems




X4

Userbased

Participant
observation

Ethnographies,
field
observation,
MILCs,
journal/diary
sessions,
screeshot
captures,
interaction log.

Technique for observing
people by joining them in
their working environment
andanalyzehow they
perform their activities,
how they use the compute
softwar eé

(2005)

Robinson et al.

Ethnographic case study where one
the developers worked together with g

epidemiologist to uncover
issues regarding the functionality
and usefulness of a geovisualization t
for epidemiology

Surveys

Questionnaires,
entry/exit
surveys, blind
voting,
cognitive
workload
assessment.

Robinson et al.

Needs assessment survey with target

end

users for designing a wedased learning

portal for geographic visualization
and analysis in public health

(2011)
Written sé of qgestions Roth et &
used to obtain user
' ; (2015)
information

(Bowman et al. 2002).

Formative and summative Online
Survey using discrete scale ratings a
unstructured form filin free response

guestions, as a part of a whole UCD
process for the development of a crin
analysis tool

(2008)

Kostelnick et al.

Basic survey ahd improvement over
previous symbols for humanitarian
demining (yes/no answer). The
participants were also encouraged t
provide written comments or
suggestions.




A4

Combination of individual interviews
and focus groups conducted for thre

Slocum et al. | distinct groups of participants: novice
(2003 geography students, and daim experts
Structured for the development of a Progrdor
. : Exploring Spatiotemporal Point Data
interviews,
seirr:[resrt\::Je?Lusred Technique for gathering
Iz unstructured 'rl:[(?;a“t% ntl?gr%uctiil:;ftrls b) R?;gfé)al' Needs assessment interviews.
interviews, g y:
contextual
inquiry. Cognitive interview that allows
participants to discuss their experieng
Roth & :
Harrower (2008 aftgr the compligon of user t_asks,
allowing the user to share their thougl
and comments.
Kessler et al. Using focgsmg groups to evaluate a _da
(2000) exploration system for the submarine
conflict of 19391945
Supporfuve Way of gathering data Roblnson,. Chen _
evaluation, t hroudh f ou Lengerich, Focus group to discuss a
Focus groups  workshops, ughn g Meyer and geovisualization tool, using two
) interaction : X
Delphi, e (Krueger.2014) MacEachren moderators tbeadthe discussion.
Delphi. ger.culy. (2005)

Kostelnicket al.
(2008)

Participants were assembled togethet
discuss various aspects of the prototy
symbols for humanitarian demining in

guided group discussion.




€c

Card sorting

Q methodology,
concept
mapping,
affinity
diagramming,
brainstorming.

Technique d explore how
people group items using
cards. Participants are
asked to group items in &
way that makes sense t

Roth et al.
(2011)

Describes a framework for the
experimental design settings for the c:
sorting method applied to structuring
and refining large map symbol sets.

them, naming
the resulting groups
(Gaffney, 2000).

Robinson et al.
(2005)

Cardsorting method applied to trying
and reorganizing the interface.

Ascertaining the internal

Roth &
Harrower (2008

Formal evaluation of an interactive
map using verbal protocol analysis.

processing conducted by
user while carrying out a

Verbal protocol analysis combined wit

Talk aloud/ | Verbal protocol| -0 *\jsers are asked to : follow-up focus groups to capture the
think aloud analysis, ce : Robinson et al. o . ) . .
e discoverv stud verbalize what they are (2005) details inherent in the epldgmlologlca
S y Yi thinking while interacting workflow and user reflections and
with the interface. comments.
(Haniff and Baber, 2003).
Roth et al Expertbased think aloud study on the
(2015) ' alpha released prototype using desig
experts outside of the project team.
Performance | Capt uring us Two-phase evaluation where the
Interaction measurement, with the interface, |n.teract|on log of the user using the
) o . Edsall (2003) interface was recorded and then
studies controlled generating interactiologs

experiments

tha need to be analysed,

analyzedor a GIS for exploration of
multivariate health statistics.




2.3 UCD for geomatics applications

Webrinterface pinciples can be applied to wabapping applications as a set of
practical guidelines fotheir design and implementation processEise existing UCD
general frameworks (ISO, 2010; Gary@®02; Nielsen, 1992; Nielsen 1994) have been
adapted and modifietb developgeomatics applications.

Gabbard etl. (1999)developed a UCIprocess for virtual environmenighich
was modified bySlocum Cliburn, Feddema and Miller (200®)develop a water balance
visualization tool, includingix stages: (1) creation @f prototype; (2) domain expert
evaluation; (3)software refinement; (4) usability expert evaluation; (5) additional
software refinement; and (6) decision maker (i.e., target user) evaludimapproacis
interesting since the first step is to developratotype instead of gathering user
information (unlike most of UCD processes). They argue that rapid prototyping might be
beneficial in some cases when tHesigners/developers have expertise in the field,
allowing to start the designing process faster.

Robinsonet al. (2005) recommerell an iterative six stage UCD process for
interactive mapswhich include eneusers througtout in each stage: (1) work domain
analysis; (2) conceptual development; (3) prototyping; (4) interaction and usability

studies; (» implementation; and (6) debuggiigigure8).
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1. Work Domain analysis

2. Conceptual Development

3. Prototyping

4. Interaction and Usability
Studies

5. Implementation

v 6. Debugging

Figure 8.- Robinson et al.(2005) UCD framework. Adapted fromRobinson et al.(2005)

Kramers (2008) redesigned the WBhsed Atlas of Canada followirg 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 assumbétams,e
of business and user requirements, developers do not have to evaluate their own designs,
increase user satisfaction and product effectiveraedshe right product is producéolr
the right reasons and for the right users.

Van Elzakker & Wealand$2008, 2007 applieda UCD approach for mobile
tourism applicationsbased in three stages: analyze requirements, produce design

solutions and evaluate designs
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Tsou and Curran (2008 adaptedthe five-stage UCD frameworklescribed by
Garrett (2002 to develop a Wekbased Geospatial Information Service for the
Management of Redlme Surface Water Hydrology in the United States, including the

implementation of databases,bvwmap servers and map browsers.

Roth, Ross, FinchlL.uo andMaceachrer{2009 andRoth et al. (20%) modified
Robinson et al. (2005) approachdevelop a crime analysis visualization tearforming

the prototyping stage firsts inSlocum et al. (2003)

Later, Roth et al. (2015) improved this crime analysis tool, following iteratite us
Y utility Y wusabi Figue¥ ant ibematng a tdta ef three timesy i n
applying different methods and evaluations in each of the:stepds assessment study,
expertbased think aloud study, formative onlinev&y and summative online survey
Schdesberge(2012)presented an integrated framework for usamtered web
map design and evaluatiomsed on the model developed an\Elzakker et al. (2008,
2007), but including additional elements related to webpingpapplications. The four
stages are: (a) application goals & requirements, (b) application/Cartographic concepts,
(c) application/Map prototypes aiid) final application Figure9, grey). As can be seen
in Figure9, 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 tla¢i@ppbncepts
and prototypes. User§igure9, blue) assist all these four stages through user research

and iterative evaluations.
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Figure 9.- Integrated framework for user-centered webmap design and galuation. Blue ovals
represent the stages, blue ovals the users and yellow ovals the necessary inpdapted from

Schdesberger 2012)

Macek (2012) also appligtie Robinson et al. (2003)CD model to develop the
Uni versity of Vi cnheations Mapping IApplicationn kothnduced a | Co
the work domain analysis in conjunction with the conceptual development stage. Elder
(2013) implemented web mapping servider the San Diego river watershed, using UCD
and the sensor web. The methodology Wased in four stages: usaeeds survey, web
map design and implementation, test group, and expert reld@&D. has also being

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

Roth, Hart, Meadand Quinn (2017) designed the NOAAake 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 compafrieatgser experience,

which were evaluated using target users.

UCD has alsobeenusedin the development and design difjital geospatial
libraries andyeographic applications, such as location based services (Delikostidis, 2011;
Haklay & Nivala, 2010Roth, 2011) geovisualization tools (Fumann ad Pike, 2005;

Lloyd, 2009;Koh, Slingsby, Dykes, and Kar@011) and decision support tools (Argyle
et al., 2017Roth et al., 2009)

As shown in the reviewed literaturdCD have been applied in Geomatics fo
more than a decadesingthe general guidelines of the UCD traditional frameworks (ISO,
2010; Garrett 2002; Nielsen, 1992; Nielsen 1984y all of them havingimilar stages:
know the user needs, conceptualize those needs, prototyping/implemendaiibn,
iterative usability studies until the needs are.r@ete of the most common frameworks
applied is the one developed by Robinson et al. (2005) (Roth et @®;, Macek, 2012;

Roth et al., 2015Roth et al., 201)7 however, there are other interestipgpeaches more
focused on the user experience design and the technical development of web mapping
componentgTsou and Curran, 28). One difference betweeheseframeworks, is that

some of them perform the prototyping stage first, instead of gathermgniisrmation
(Slocum et al., 2003; Roth et al., 201Dhey give several reasons for thi&) a prototype

is sometimes necessary to receive enough funding to perform user analysis, (2) sometimes
a midway managed project is taken over or the desigm & few 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 netd$mader 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 usercentered approach throughout all stages of design isegim essential for
the successful design of Waatepping applications; and there is an increadiegjre of
theusers to be more involved in the conceptualization, evaluation, and refinement of their
interactive mapping systenfRoth, 2015). Thereforehére have been several attempts to
define UCD frameworks for interactive cartographic products and weapping
applications.However, apart from the reviewed literature, studies that involve all stages
of UCD are still rare in geomatics (Flirdt al, 2011) Researchhas notyet provided
sufficient guidance for conceptualizing the overall UCD process nor the range of specific
evaluation decisions neededther reasons for deviating from UCD approaches are the
lack of access to the target usdhe lack of ime or money to involve the users, the
potential of feature creep, and even a general belief held by designers and devbkipers
they know besfRoth et al. 2015).

Although there are some applications related to ocean water resources and
hydrology (Roh et al., 2017; Elder, 2013; Ts@nd Curran,2008), no web-mapping
application using oceamapping datavas found in theUCD literature. An extensive
analysis of the existing welmapping applications using ocearapping data is presented

in the competitie 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 IntéFhete are three

major web mapping compor@snwhich follow the traditional clierderver architecture

(Figure 10): databases, web map servers, and cBatg web applicationgynningon a

web browser). In order to develop a welapping application, all these componerdsah

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
usercanalso access the database directly using a proper Application Programming
Interface (API) or using a Common Gateway Interface (CGI) architedtigere

10). There are several wdthown databases that offer spatial capabilities
Commercial (Oracle Spatial); and (b) Open source (Postgres/PostGIS; Neo4j

Spatial, MongoDB¢) .

Web Map ServerWeb map servers retrieve data from the database or the file
system and provide spatial data and services to the eb&l® web mapping
apdication. Considerations when choosing a web map server include the different
mapping formats (drivers) and services
the servemustprovide. There are several w&lhown web map server engines:

(@) Commercial (ArcGIS&r ver , Arcl MS, AutoDeskds Ma

source (MapServer ar@eoServer.
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- Clientside web mapping application. The interface to the wh&h displays the
map layers and spatial informatjoand it is developed using web mapping
technologies. Té 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 t h-sidescpts folleveng the CGl architecture.

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

Tsou andCurran (2008) described the relationship between these three web
mapping components and the differel@D 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 obje

into an integrated relational database or multiple data files.
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