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PEER-REVIEWED ARTICLE

A Process for Keeping Pace with Evolving
Web Mapping Technologies

The current pace of technological innovation in web mapping offers new opportunities and creates new challenges for web
cartographers. The continual development of new technological solutions produces a fundamental tension: the more flexi-
ble and expansive web mapping options become, the more difficult it is to maintain fluency in the teaching and applica-
tion of these technologies. We addressed this tension by completing a three-stage, empirical process for understanding how
best to learn and implement contemporary web mapping technologies. 1o narrow our investigation, we focused upon ed-
ucation at the university level, rather than a professional production environment, and upon open source client-side web
mapping technologies, rather than complementary server-side or cloud-based technologies. ‘Ihe process comprised three
studies: (1) a competitive analysis study of contemporary web mapping technologies, (2) a needs assessment survey of web
map designers/developers regarding past experiences with these technologies, and (3) a diary study charting the imple-
mentation of a subset of potentially viable technologies, as identified through the first two studies. Ihe process successfully
achieved the practical goal of identifying a candidate set of web mapping technologies for teaching web mapping, and
also revealed broader insights into web map design and education generally as well as ways to cope with evolving web

mapping technologies.

KEYWORDS: web mapping; UI/UX design; open web standards; interactive cartography; cartographic education; D3;
Leaflet; Google Maps API; OpenLayers

INTRODUCTION

THE CURRENT PACE of innovation in web cartography is
spectacular, with new releases of or substantial updates to
web mapping technologies occurring almost daily (Haklay
et al. 2008; Harrower 2008). However, the ever-evolving
nature of web mapping technologies results in a funda-
mental tension for cartographers. On one hand, the in-
creasing flexibility and interoperability of web mapping
technologies create new opportunities for cartographers;
we can do more now than ever. On the other hand, as
technology evolves, so does the solution space from which
cartographers can draw; it is growing ever more difficult to
establish and maintain one’s bearings within this increas-
ingly complex array of technologies. In the following, the
term web mapping technologies is used broadly to describe

the compilation of APIs, frameworks, libraries, services,
etc., that altogether enable the creation and dissemination

of web maps (Kraak and Brown 2001; Peterson 2003).

The research reported here is motivated specifically by (at
the time of this writing) a broad transition in client-side
web mapping away from standalone, proprietary technol-
ogies (e.g., Adobe Flash) and towards open technologies
that leverage the HTML, CSS, SVG, and XML web
standards (the Open Web Platform) and the JavaScript
programming language. As a result, professional cartog-
raphers have needed to update their skillsets in response
to shifting client requests, while educators have needed
to rethink their approach to teaching on the Open Web
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Platform. To this end, our research was designed to gen-
erate initial insight into the following four questions,
ranging from practical questions approaching the current
technological landscape to longer-term conceptual ques-
tions working towards a deeper understanding of web
cartography:

1. What technologies currently are available for web
mapping and how do they vary?

2. What are the important characteristics of web
maps that should inform the selection of web map-
ping technologies?

3. How should web mapping be taught in higher

education?

4. How can we better cope with continued evolution
in web mapping technologies?

To address these research questions, we designed and ex-
ecuted a repeatable process following the discount, con-
vergent approach recommended in the fields of usability
engineering and user-centered design (Buttenfield 1999).
'The process was completed in three stages: (1) an initial
competitive analysis study of contemporary web mapping
technologies to evaluate said technologies according to

BACKGROUND

ARGUABLY, WEB MAPPING IS as old as the web itself, a
technological innovation that often is dated to 1991, with
the public release of the World Wide Web, or 1993, with
the launch of the first browser supporting a graphical user
interface (Peterson 2008). The actual progression of tech-
nological developments required for the web as we know it
today has a much longer history coinciding with the his-
tory of computing (Leiner et al. 1997; Leiner et al. 2009).
The use of the term ‘web’ is intentionally distinct from
the terms ‘Internet’ or ‘World Wide Web.” The Internet
refers to the series of interconnected computer networks
facilitating the transfer of files, while the World Wide Web
(WWW) refers to the corpus of interconnected documents
shared over the Internet in a web browser (Tsou 2011);
such a technical characterization of the Internet and
WWW solely as a file or document sharing mechanism is
commonly described as Web 1.0. In contrast, the term web
is used today to describe the Internet as a platform upon

their relative strengths and weaknesses, (2) a needs as-
sessment survey with web map designers and developers
to solicit past experiences with and existing opinions of
contemporary web mapping technologies, and (3) a diary
study charting the design and development of prototype
applications implemented with a selected subset of candi-
date web mapping technologies deemed potentially viable.
The process itself was calibrated to address educational
and learning objectives for beginning users, rather than all
professional web mapping contexts, and to address open
source, client-side technologies built on the Open Web
Platform, rather than proprietary server-side or cloud-
based technologies. However, the three-stage process is
offered as a generic approach to keeping pace with evolv-
ing web mapping technologies than can be applied in both
industry and government contexts, as well as repurposed
for other forms of mapping technology.

We proceed with four additional sections. In the following
section, we introduce important concepts related to histor-
ical and contemporary web cartography. We then describe
parameters of each of the studies included in the three-
stage process. We report the results of each study in the
fourth section. We reflect on the meaning of these results
with regards to our four research questions and offer con-
cluding remarks in the fifth and final section.

which otherwise disparate data and services are integrated
for customized use (O’'Reilly 2007); the characterization
of the Internet as a virtual space with activities occurring
within it is described as Web 2.0.!

'The design and use of web maps has evolved profoundly
from the early days of the Internet (for a comprehensive
review, see Donohue 2014). Following a Web 1.0 model,
early attempts to disseminate maps online primarily were
limited to digitally scanned, static maps (Cartwright
2008). Today, web maps commonly are adaptive in re-
sponse to the use and user context (e.g., Reichenbacher
2003; Friedmannova et al. 2006), inferactive to respond
to user requests (e.g., Andrienko and Andrienko 1999;
Roth 2013b), mobile, indicating the user’s location on the

1. The distinction between Web 1.0 and Web 2.0 is more about how the
Internet is used, and not necessarily the technologies needed to support these
uses.



map as they move through the depicted area (e.g., Clarke
2004; Meng et al. 2005), multiscale to view the world at
every geographic location and extent (e.g., Brewer and
Buttenfield 2007; Roth et al. 2011), and/or updated in rea/
time to respond to geographic events and processes as they
unfold (e.g., Boulos and Burden 2007; Goldsberry 2007).
'The suite of Web 2.0 tools and techniques facilitating de-
sign and development of online, dynamic maps collectively
are described as web mapping technologies and the corpus of
geographic information (and associated maps of these in-
formation) contributed online through web mapping tech-
nologies collectively is described as the GeoWeb (Leclerc et
al. 2001; Haklay et al. 2008). While there are a growing
number of important and timely treatments of the latter
topic—particularly with regards to the social and ethical
implications of volunteered contributions to the GeoWeb
(e.g., Goodchild 2007; Crampton 2009; Elwood 2010;
Harvey 2012; Wilson 2012; Sack 2013)—this research
treats challenges related to the former: adapting to ev-
er-evolving web mapping technologies.

Contemporary web mapping technologies, and web tech-
nologies generally, can be organized into one of three
broad categories: (1) server-side technologies used to index
and query geographic information from a centralized
source or, increasingly, distributed sources (e.g., the cloud),
(2) client-side technologies used to render and manipulate
web maps of these geographic information in the user’s
browser, and (3) web services or similar intermediary scripts
used to relay information requests between the client and
server (Roth et al. 2008). Careful design and development
of all three technologies are essential architecturally for an
effective web map. When it comes to web mapping, how-
ever, we contend that the cartographer may be separated
trom the GIS technician by an increased contribution to
client-side technology, as it is the client implementation
that includes design decisions regarding the map represen-
tation itself (choices of projection, generalization, symbol-
ization, typography, etc.), the user interface (UI) provided
for manipulating this map, and the overall user experience
(UX) achieved with the web map. The following discus-
sion therefore is constrained to client-side technology,
given the overall motivation of this research on the tran-
sition in client-side technologies (see details below) and
this increasingly important role of UI/UX designer for the
cartographer. As stated in the introduction, we expect our
proposed method to remain useful when applied for eval-
uation of server-side and cloud-based technologies as well
(for a broad review, see Peterson 2014).

Until recently, a tension existed in client-side web map-
ping between technologies built upon open web standards,
which can be interpreted natively by web browsers and
viewed for reuse and extension, and technologies lever-
aging browser plugins, which require installation of an
additional software component into the browser to run
a stand-alone executable embedded in the webpage (Hu
2008). Starting with the former, the World Wide Web
Consortium (W3C: www.w3.o0rg) governs specification of
the majority of these web standards, a suite referred to as
the Open Web Platform. W3C client-side standards com-
monly leveraged in web mapping include:

* Hypertext Markup Language (H7ML), providing
the structure of a webpage and allowing for the orga-
nization, layout, and styling of its content, as well as
the interconnection of webpages through hyperlinks.

* Extensible Markup Language (XML), a more flexible
text-based markup language than HT'ML typically
used as a data format for loading and manipulating
information in the browser; proprietary variants of

XML include Esri’s ArcXML and Google’s KML.

¢ Scalable Vector Graphics (SVG), an open variant of
XML for defining and rendering vector shapes and
text in the browser.

* Cascading Style Sheets (CSS), affording separation of
content and styling in web design through definition
of hierarchical and reusable style rules, which can be
defined to account for varying viewing contexts, al-
lowing the webpage design to be responsive to display
devices.

¢ the Document Object Model (DOM), a platform-in-
dependent specification for creating and manipulating
HTML and XML objects within the browser; the
DOM enables manipulation of objects in the browser
using JavaScript®, a popular browser programming
language used for defining client-side business

logic, and the associated JavaScript Object Notation
(JSON).

2. JavaScript was originally developed by Netscape and continues to be
maintained as part of the open source Mozilla project, although is officially
trademarked by Oracle. Although not a standard maintained by the W3C,
JavaScript typically is considered part of the Open Web Platform.
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While the earliest web maps made use of the first-genera-
tion versions of these open web standards (Peterson 2008),
the use of plugin technologies with compiled scripts for
web mapping grew in popularity in the late 1990s and into
the early 2000s, in part due to their perceived performance
and stability. Notable plugin solutions for web mapping
included Tcl/Tk applications (e.g., Dykes 1996; Dykes
1997; MacEachren et al. 1999; Masters and Edsall 2000),
enhanced QuickTime videos (e.g., Al-Kodmany 2001;
Cammack 2003; Schwertley 2003), and Java applets (e.g.,
Herzog 2003; Tsou 2004; Hardisty and Robinson 2011).
Flash Player was the most popular plugin for web mapping
in the mid-to-late 2000s (IMuehlenhaus 2013), which ran
Shockwave Flash® (SWF) executables produced first from
Macromedia’s Director (raster) or Flash (vector) authoring
environments and later from Adobe’s Flash, Flex, or Flash
Catalyst authoring environments.* At one point in time,
98% of all personal computing devices had Flash Player
installed (Jenny et al. 2008). Web applications, maps or
otherwise, relying on plugin client technologies commonly
are described as Rich Internet Applications (Tsou 2011).

There were several important advantages to browser
plugins that justified their popularity for web mapping at
this time. First, plugin technologies afforded greater con-
sistency across browsers and across platforms (if a plugin
version was available for the platform). Cross-browser and
cross-platform compatibility were particularly important
during the ‘browser wars’ of 1990s (Peterson 2005), but
remain frustrating aspects of client-side web map devel-
opment today.® Second, the Shockwave Flash format, and
other plugin executables, compiled vector graphics into
relatively small binary files, greatly expanding the poten-
tial for high-quality, vector-based web mapping at a time
when open web standards like SVG were cumbersome to
load, render, and manipulate due to bandwidth and hard-
ware limitations (Hu 2008; Lienert et al. 2012). Finally,
use of a plugin-based technology typically meant devel-
opment in a single authoring environment using a single
scripting language, allowing for greater ease in learning
the web mapping technology and maintaining source
code across projects. Comparatively, open web standards
are considered to have a steeper learning curve for be-

3. Later rebranded as ‘Small Web Format.’
4. Adobe acquired Macromedia in 2005.
5. In particular, many web clients still rely on older versions of Internet

Explorer, which did not comply with many open web standards until version
9.0.

ginners given the number of markup/scripting languages
and file formats used across a single web mapping proj-
ect (Wooodruff 2011). In this regard, Adobe Flash was
particularly kind to cartographers, as it allowed for tight
integration with Adobe Illustrator and Photoshop (i.e.,
what cartographers already use: graphic design software)
and afforded an inherently visual design environment (i.e.,
how cartographers already think: visually).

Despite their advantages, use of plugin-based technologies
for web mapping waned in the late 2000s in favor of open
web standards (Pulsifer et al. 2008), a transition that has
been realized fully over the past several years. There were
at least three drivers for this wholesale transition. First,
the introduction of Google Maps in 2005 pioneered the
use of AJAX for web mapping. Asynchronous JavaScript
and XML, or 4JAX, is an approach to using JavaScript
and open web standards that allows for client-server com-
munication without requiring a webpage refresh (Garrett
2005; Tsou 2005); such communication required plugin-
based technology prior to the advent of AJAX. The use
of AJAX in Google Maps and other web map services
afforded continuous panning and zooming of map tiles
that were pre-processed and loaded on-demand, giving
rise to the now ubiquitous s/ippy map (Haklay et al. 2008;
Haklay and Weber 2008). While rendering and serving
custom tiles was prohibitively expensive until only re-
cently (Peterson 2011), cartographers could create mash-
ups of their own geographic information and tilesets from
Google Maps and other commercial map services using a
provided application programming interface (4PI), which
exposes a subset of a proprietary map service’s functional-
ity for open use (Plewe 2007; Tsou 2011). At the time of
this writing, most popular client-side web mapping APIs
are provided in the JavaScript language and leverage open
web standards.®

The second driver towards open web standards was the re-
cent improvement of telecommunications bandwidth and
hardware, and the associated increased consumption of
maps on mobile devices such as smartphones and tablets,
making continuous network connectivity more accessible
(Meng et al. 2005). In April 2010, Apple Inc. announced
that it would not support the Flash Player plugin on its iP-
hone and iPad mobile devices, citing increased openness,
improvement of web standards, the interconnectedness

6. Google Maps had separate APIs written for JavaScript and ActionScript,
the scripting language used for Flash development. The Google Maps API for
Flash was deprecated in 2011.



of reliability/security/performance, improved battery life,
support for touchscreens, and the politics surrounding
third-party control over app development as reasons for
the move towards HTMLS5 (Jobs 2010). As a result, de-
velopment of mobile maps using Flash Player waned to the
point of extinction (Muehlenhaus 2013) at the same time
that a vibrant research and development initiative emerged
around responsive web design using the Open Web
Platform (Gardner 2011). Responsive web design describes
an approach to using open web standards that modifies
the layout and styling of content according to the display
device and user context (Marcotte 2010). Despite relevant
work on the topic of adaptive cartography (Reichenbacher
2003), research and practice on responsive cartographic de-
sign remains in its infancy.

The third driver away from plugin-based technologies was
the formation of open source interest groups across the
web mapping community, such as the Open Geospatial
Consortium (OGC; www.opengeospatial.org) and Open
Source Geospatial Foundation (OSGeo; www.osgeo.org/
home). The OGC was founded in 1994, just one year after
tformalization of the W3C, with the mission of promoting
standards across the spectrum of geospatial technologies.
Notable contributions of the OGC to web mapping in-
clude the web mapping services (WMS) and web feature

services (WFS) technical specifications, which leverage

METHODS

WE DESIGNED AND EXECUTED a three—stage process
in order to characterize and push our way into the cur-
rent landscape of open source web mapping technologies.
Design of the process followed the convergent methods par-
adigm, which prescribes administration of multiple, often
qualitative methods (Buttenfield 1999). Each study then is
conducted in a discount manner (e.g., leveraging secondary
sources, recruiting only a small number of participants)
to ascertain input and feedback quickly (Nielsen 1993).
Reliability of the project as a whole is maintained through
triangulation of insights generated across the studies.

There is a growing volume of research in the context of us-
er-centered design that follows a discount, convergent ap-
proach to include target end users in the design and devel-
opment of interactive maps and map-based visualizations
(e.g., Slocum et al. 2003; Fuhrmann et al. 2005; Robinson

et al. 2005). Here, we leverage a discount, convergent

the SVG open web standard (Peterson 2012). While the
OGC primarily focuses on standardization, OSGeo plays
a broader role in the promotion and advancement of open
source geospatial data, software, and tools. Among the
most important outreach activities of OSGeo is the Free
and Open Source Software for Geospatial (FOSS4G; fos-
s4g.org) conference, meeting annually since 2006. Finally,
there is an informal community of web map designers
and developers—arguably numbering in the thousands
if not tens of thousands—contributing to the missions of
the OGC and OSGeo through the sharing and mainte-
nance of source code, web map examples, and tutorials.
Due in large part to the efforts of this open web mapping
community, there are now a multitude of open source
web mapping technologies that afford a sophistication in
cartographic design previously only possible through use
of proprietary plugin technologies (Pulsifer et al. 2008).
‘These open source technologies offer the promise of rapid
advancement due to the scale of developer collaboration
and their ability to be creatively manipulated to suit spe-
cific application needs. Because of their current dynamism
and increased relevance of open source on contemporary
web map design, we have constrained the following treat-
ment of client-side web mapping to open source technol-
ogies, reviewing several proprietary technologies for com-
parison only.

process to understand the experience of web map design-
ers and developers, rather than the ultimate users of these
maps. We triangulated insights across three studies in
total: (1) a competitive analysis of existing web mapping
technologies, (2) a needs assessment survey with web map
designers and developers, and (3) a diary study tracking
the implementation of the same web map using a candi-
date subset of technologies identified from the first two
studies. The following subsections describe the method
design of each of the three studies included in the process.

COMPETITIVE ANALYSIS STUDY

We began the process by completing a competitive anal-
ysis of contemporary open source web mapping technol-
ogies. A competitive analysis study is a systematic, critical
comparison of a suite of related tools or technologies based
on their relative merits (Nielsen 1992). The competitive
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analysis method is appropriate when evaluating new and
emerging tools/technologies, in formative stages of evalu-
ation, and in situations when there are a large number of
competing technological alternatives. When the tools or
technologies are compared according to established the-
oretical frameworks, a competitive analysis study is effec-
tively a content analysis of secondary sources, common to
archival research in social science (Roth et al. 2015). The
competitive analysis represented the widest scoping stage
in the process, as it assumed little or no existing knowl-
edge of contemporary technologies and sought to char-
acterize the complete solution space for open source web
mapping. Even with existing knowledge, however, we rec-
ommend completing a new competitive analysis study at
the start of each process cycle, given the pace of techno-
logical change in web mapping.

We collected the primary webpages (i.e., the secondary
sources included in the content analysis) for open source
web mapping technologies over a two-week period in the
spring of 2012, making use of keyword searches, popular
blogs, and social media for webpage collection. In total,
thirty-five (n=35) web mapping technologies with some
degree of openness were identified for the competitive
analysis during this timeframe.” Two project members
then independently ‘coded™ the technologies according
to the supported representation techniques for graphically
encoding information and the supported interaction tech-
niques for building user interfaces around the represen-
tation. Representation techniques included support for
different basemaps, vector overlays, and linked graphics/
charts, as well as support for common thematic map types
(Slocum et al. 2009). Interaction techniques included sup-
port of interaction operators, or generic kinds of interac-
tive functionality available for manipulating maps and
other visualizations (Roth 2012; Roth 2013a), as well as
support for mobile and location-aware web maps. Twenty-
seven (n=27) ‘codes’ were used in total between the repre-
sentation and interaction categories; Table 1 lists and de-
fines the representation and interaction codes used for the
competitive analysis.

7. Over a dozen additional technologies have been released since the initial
coding in the spring of 2012. In addition, several of the technologies evalu-
ated have undergone significant changes and upgrades, and some have been
deprecated.

8. ‘Code’ in this sense refers to a qualitative topic by which each web mapping
technology is assessed, rather than in the sense of the ‘source code’ comprising
these web mapping technologies that is manipulated and appended by the
developer.

We instructed the project team coders to apply codes
based solely on the documentation included in the col-
lected webpages (i.e., what the webpage promised of the
technology) without experimenting with the technology
itself. We also instructed the coders to follow a four point
ordinal scale in their coding: (1) supported, (2) known
work-around, (3) requires hack, and (4) not possible, with
the average score between the coders ultimately used for a
reliable comparison across technologies. These coding in-
structions followed the discount, convergent approach in
the process, producing a broad understanding of the solu-
tion space in the first stage of the process.

ONLINE NEEDS ASSESSMENT SURVEY

Following the competitive analysis study, we administered
an online needs assessment survey with web map designers
and developers. We included the survey as the second step
in the overall process in order to acquire rapid feedback
about technologies collected in the competitive analysis
from designers and developers outside of the project team.
'The online survey acted as a needs assessment study, as the
purpose of the survey was to elicit past experiences with
the collected technologies as well as to identify future or
currently unmet web mapping needs (Wiggins and French
1991). We chose the online survey format over interviews
or focus groups given the discount, convergent approach to
the overall process, enabling rapid feedback from a diverse
set of designers/developers in a distributed manner.

Twenty-one (n=21) web map designers and developers
participated in the online needs assessment survey in the
spring of 2012. Participation was limited to individuals
who either develop web maps as part of their work respon-
sibilities or supervise individuals who develop web maps.
Table 2 describes the frequency with which the partici-
pants used geographic information, made print maps, and
developed web maps as part of their daily work.

We divided the survey question protocol into three sec-
tions: (1) current use of the web mapping technologies
identified in the competitive analysis, (2) important quali-
ties of web mapping technologies we should consider when
selecting a technology, and (3) approaches to keeping pace
with evolving web mapping technologies. The non-bi-
ographical portion of the survey included 12 questions in
total, with four categories of Likert scale questions (each
category including multiple Likert scales) and eight free



REPRESENTATION

1 Map vs. Imagery load different basemap tiles, such as road map, satellite imagery, etc.
2 | Basemap Styling adjust the styling of the basemap

3 | Tile Rendering generate and serve custom maps as tiles

4 | Vector Overlays draw and overlay additional vectors, including points, lines, and polygons
5 | Choropleth generate a choropleth map

6 | Proportional Symbol generate a proportional symbol map

7 | Dot Density generate a dot density map

8 | Isoline/Surface generate an isoline or surface map

9 | Flow generate a flow map

10 | Cartogram generate a cartogram

11 | Bivariate/Multivariate depict two or more statistical variables on the map

12 | Animation animate the map over a time series

w

Graphics/Charts add additional information graphics or charts to the map

1 Arrange/Linked Views manipulate the layout of the map and linked views
2 | Reexpress change the displayed map type
generate an ordered set of related maps or change the map from the sequence that
3 Sequence .
is shown
4 | Resymbolize change the design parameters of a map without changing the map type
5 | Overlay/Toggle adjust the feature types included in the map
6 | Reproject change the map projection
7 | Pan change the geographic center of the map
8 | Zoom change the scale or resolution of the map
o | Filter alter the map to remove map features that do not meet one or a set of user-defined
conditions/constraints
10 | Search alter the map to add/indicate a particular location or map feature of interest
11 | Retrieve request specific details about a map feature of interest
12 | Calculate derive new information about a map feature of interest
13 | Mobile Support support for viewing and interacting with the map on a mobile device
14 | Location Aware support for collecting and mapping information about the user’s location

Table 1. The representation and interaction codes used to compare the collected suite of open web mapping technologies.

How frequently do you: Frequency
use geographic information n=13
make print maps 2 2
develop web maps 1 2 n=0
daily weekly monthly yearly never | supervise
this activity

Table 2. The frequency with which participants in the online needs-assessment survey use geographic information, make print maps, and
develop web maps as part of their daily work.

response. We designed the online needs assessment survey subset of four candidate technologies that we suspected
to take no longer than 15 minutes to complete. could meet the needs of a contemporary curriculum in
web cartography. We then evaluated the four candidate
DT G technologles using a d.zary stud?),.a Var1at10‘n of part1c1p,ant
observation that requires participants to ‘self-observe’ as
We combined insights from the competitive analysis study they complete an activity (Marsh and Haklay 2010). In

and online needs assessment survey to identify a final the diary study, participants developed a case study web



map using one of the four candidate technologies and re-
corded their progress in an online journal. We selected
a diary study for the third step in the process because it
provided the deep development experience with a given
technology needed to properly assess its advantages and
limitations, but did so in a convergent, discount manner
by relying on prior methods to reduce the total number of
technologies under consideration. As described in the next
section, we selected D3, the Google Maps API, Leaflet,
and OpenLayers for inclusion in the diary study.

Four students representative of the targeted user group
were recruited to complete an example web mapping sce-
nario during the summer of 2012, each using a different
candidate technology. A fifth student completed the same
web mapping scenario with all four technologies to im-
prove reliability across participants. As a result, there were
eight (n=8) diaries total, two for each of the candidate
technologies. We did not allow participants to integrate
multiple technologies into their web map solutions, nor
allow collaboration across participants, in order to iden-
tify the limitations of each technology in isolation. While
the limitation on group work unrealistically constrains an
important aspect of classroom learning, it was further jus-
tified by our interest in generating insight across the four
research questions enumerated above, rather than focusing
solely on the third research question (understanding how
students best learn a new web mapping technology). All
participants had taken one introductory course on carto-
graphic design and one advanced course on web mapping,
and thus were familiar with the requirements included in
the web mapping scenario from a conceptual statement.
Participants were required to complete lynda.com’s video
tutorials on HTML, CSS, and JavaScript before begin-
ning the diary session, resulting in a one day engagement
with the Open Web Platform before introduction to the
assigned web mapping technology. No further training on
the assigned web mapping technology was given, allowing
us to identify important web resources (e.g., documenta-
tion, examples, forums, etc.) for each candidate technol-
ogy, and to learn how beginners integrate such learning
materials into their design and development workflows.

At the start of the diary study, we introduced participants
to a web mapping scenario, presented as a hypothetical cli-
ent request for a web map depicting energy consumption
by country over the past 30 years and included a require-
ments document outlining the project scope. We provided
the energy time series dataset to the participants as a CSV

file. As with the competitive analysis, requirements for the
web mapping scenario were split between representation
and interaction techniques. Representation requirements
covered elements of effective design for classed choropleth
and graduated symbol maps, including traditional car-
tographic design topics such as aesthetics, classification,
typography, and visual hierarchy as well as emerging car-
tographic design topics enabled by digital media, such as
animation, linked information graphics, and visual story-
telling. The specific representation requirements included
in the diary study deviated from the representation codes
included in the competitive analysis due to the narrowed
focus upon only two thematic map types. Interaction re-
quirements were specific to the interaction operators in-
cluded in the competitive analysis, and included one
additional requirement for interface design aesthetics.
Twenty-four (n=24) requirements in total were included in
the web mapping scenario; Table 3 lists and defines the
representation and interaction requirements used for the

diary study.

We gave participants a total of 40 hours of development
time to complete as many of the twenty-four require-
ments as possible, mimicking constraints of a standard
work week. Given the lack of familiarity with the assigned
technology, we did not expect participants to implement
all requirements within the provided time period and in-
stead instructed participants to implement what they con-
sidered to be ‘easy’ requirements before moving onto more
difficult ones. Therefore, the requirements that ultimately
were implemented by the participants indicate function-
ality that likely is natively supported by the technology,
rather than functionality needing a work-around or hack.

We required participants to log a diary entry every hour
across the 40-hour period. Within each diary entry, par-
ticipants were asked to describe: (1) the requirement(s)
they implemented in the past hour, (2) key frustrations
or breakthroughs in the past hour, and (3) their current
satisfaction with the web mapping technology draw-
ing from a provided list of 125 emotions, derived from
the list of moods available at github.com/hazbo/mood-
swing2. Regarding the latter, we selected the larger list
of moods—rather than more terse taxonomies of affective
or emotional experiences (e.g., Plutchik 1980; Feldman-
Barrett and Russell 1998)—to give participants greater
flexibility and precision in describing their emotional state;
the moods were coded according to their valence (pos-
itive, neutral, and negative) for subsequent analysis. It is


http://www.lynda.com
https://github.com/hazbo/moodswing2
https://github.com/hazbo/moodswing2

REPRESENTATION

1 Classed Choropleth generate a classed choropleth map
2 | Graduated Symbol generate a graduated symbol map
3 | Animation animate the map over the included time series
4 | Typography label map features following typographic conventions
5 | Classification use an equal interval classification scheme for both maps
6 | Legend dynamically redraw a map legend to match the displayed map type
7 | Highlighting include a highlighted variant of each map feature to indicate selection
. . include a line graph showing the signature of the selected country in comparison to
& | [ensiton Glepiie the United Sto?es opnd the megdicn vc?lue for the year ’ i
9 | Visual Hierarchy style the basemap to produce a strong visual hierarchy
10 | Storytelling provide a title and supplementary text to introduce the map subject and purpose
11 Cortogr.ophlc Design customize the look and feel of the map itself to fit the scenario
Aesthetics
1 Reexpress change the displayed map type between classed choropleth and graduated symbol
2 | Sequence include standard VCR controls (play, stop, step, back) to control the animation
: change the number of classes used for the classed choropleth or graduate symbol
3 | Resymbolize map
4 | Overlay/Toggle toggle between a road map and aerial image for the basemap
5 | Reproi set the map projection to equal area for the classed choropleth map and conformal
sproject for the graduated symbol m
or the graduated symbol map
6 | Pan change the geographic center of the map
7 | Zoom change the scale and/or resolution of the map
8 | Filter filter the map according to the attribute range using a two-thumb slider
9 | Search search for a specific country
: highlight a probed map feature and activate an associated information window with
10 | Refrieve :
details about the feature
11 | Calculate dynamically calculate deviation of the map feature from median (i.e., percentile)
12 | Link coordinate retrieve on the map with the line graph to show the selected feature on
both graphics
13 | Interface Design Aesthetics | customize the look and feel of the interface to the map to fit the scenario

Table 3. The representation and interaction requirements of the diary study.

important to note that insight from the field of curricu-
lum and instructional design suggests that students learn
best when pushed towards the point of frustration, but
without reaching this point (Bampton 2011). Thus, an

RESULTS

COMPETITIVE ANALYSIS STUDY

RESULTS OF THE COMPETITIVE ANALYSIS study are il-
lustrated in Table 4. In the matrix, the darkest blue shad-
ing indicates a representation or interaction technique that
was coded as ‘supported’ by both coders and the white
shading indicates a technique that was coded as ‘not possi-

ble’ by both coders.

overwhelming positive valence may not reflect an opti-
mal learning experience; however, an overwhelming neg-
ative valence likely does indicate a suboptimal learning
experience.

When interpreted horizontally, the matrix summarizes the
supported functionality for each of the 35 reviewed web
mapping technologies. The competitive analysis revealed a
basic distinction between specialist web mapping technol-
ogies designed to support a small subset of specific func-
tions (e.g., Cloudmade Editor, Mapnik, Modest Maps)

and multi-purpose web mapping technologies designed



REPRESENTATION
N I
.

Bing Maps API
CartoDB
CartoWeb
Cloudmade

GeoEXT
GeoMoose
Google Maps API
Jump

Ka-Map
Kartograph
Leaflet
MapBender
Mapnik
MapQuery
MapQuest API
MapServer
Mapstraction
Modest Maps
Nokia
Openlayers
OpenScales
Polymaps
Processing |
Processing.js
Raphaél
ReadyMap
Tiledrawer
Tilemill
Tilestache
TimeMap
ViaMichelin
Wax
WorldKit

INTERACTION

Intercoder Rating
Supported

Known Work-around
Requires Hack

Not Possible

Table 4. Results of the competitive analysis study. Collection and coding was completed in the spring of 2012; therefore, the matrix is no

longer complete nor accurate, although arguably it never can be, given the speed of technological advancements in web mapping. The

matrix does provide a snapshot in time of web mapping technology that is useful for understanding general patterns and emerging trends

in web map design.

to support numerous functions (e.g., CartoDB, D3, the
Google Maps API, Leaflet, MapServer, OpenLayers/
OpenScales). Individual technologies generally fell into
one of the following categories: (1) frameworks (10/35;
28.6%) providing a full stack of client- and server-side
technologies (e.g., GeoMoose, MapServer, Processing),
(2) open libraries (14/35; 40.0%) supporting client-side
map rendering (e.g., D3, Leaflet, OpenLayers), (3) c/osed
APIs (6/35; 17.1%) exposing a subset of functionality for
creation of web map mashups (e.g., the Bing Maps API,
the Google Maps API, the MapQuest API), and (4) zile
rendering services (5/35; 14.3%) facilitating the rendering
and serving of basemap tiles (e.g., Cloudmade Editor,
TileMill, TileStache). The large majority of the reviewed
technologies (28/35; 80.0%) leveraged JavaScript as the
base programming language, with four (4/35; 11.4%) ex-
clusively leveraging CSS or the CartoCSS variant used for

tile rendering, one (1/35; 2.9%) leveraging Java, one (1/35;
2.9%) leveraging PHP, and one (1/35; 2.9%) leveraging
ActionScript.

From the competitive analysis by technology, we identified
open libraries implemented in JavaScript as the most suit-
able technological form for teaching web mapping in the
context of higher education. Open libraries can be com-
bined flexibly with other non-mapping JavaScript libraries
(e.g., jQuery) and can be extended more easily to imple-
ment non-natively supported representation and interac-
tion functionality, two advantages that open libraries hold
over closed APIs. Full stack frameworks, while more pow-
erful and feature-complete than open libraries, are less ap-
proachable for a single, semester-long course and require
background on server-side databases outside the scope of
a course on interactive cartography and geovisualization.



We instead recommend instruction of frameworks that in-
tegrate client- and server-side technologies in an advanced
course on geocomputing and web GIS, taken towards the
end of a program in cartography and GIS after students
have been exposed to foundational concepts and skills.
Finally, the opportunity to teach and practice interaction
design is limited with tile rendering services in compar-
ison to the other forms of technologies. As an auxiliary
outcome of the competitive analysis, we now teach the
TileMill tile rendering service as a laboratory exercise in
an advanced graphic design course in cartography, rather
than our course on interactive and web-based mapping. It
is important to note that our decision to prioritize open
libraries was specific to our emphasis on education rather
than production, and should not be interpreted as a state-
ment of superiority of open libraries over other forms of

web mapping technology.

When interpreted vertically, Table 4 provided us with a
snapshot of trends in contemporary web map design.
Widely supported representation functionality included
custom vector overlays (29/35 supported; 82.9%), load-
ing of map versus imagery basemaps (26/35; 74.3%), and
choropleth (19/35; 54.3%) or proportional symbol (16/35;
45.7%) thematic maps. Overall, the competitive analysis
suggested a general focus on reference mapping over the-
matic mapping in existing web map technologies, as most
of the reviewed technologies required an advanced, custom
solution to implement advanced thematic map types be-
yond the choropleth and proportional symbol techniques.
The lack of support for advanced thematic mapping is a
real and significant gap between contemporary web map-
ping practice and traditional cartographic scholarship
that should be addressed as web design and cartographic
design continue to collide. Basemap styling and tile ren-
dering exhibited the greatest variation in support across
technologies; both were supported by eight (8/35; 22.9%)
technologies, but not possible in thirteen (13/35; 37.1%)
technologies. This variation was explained by inclusion of
tile rendering services in the competitive analysis, rather
than restriction to frameworks, libraries, and APIs.

Widely supported interaction functionality included pan-
ning (29/35; 82.9%), zooming (29/35; 82.9%), retrieval
of details using an information window (25/35; 71.4%),
and overlay of context layers (24/35; 68.6%). Arguably,
these four interaction operators (overlay, pan, retrieve,
zoom) along with a multiscale reference basemap have co-
alesced to define the prototypical web map, an extension

to the combination of panning and zooming explicit in
the colloquial use of ‘slippy map.” Tracking the evolution
of the prototypical web map is useful for cartographers,
as it exposes the expectations of non-specialist web map
users and reveals potential gaps in contemporary design
solutions due to technology constraints. Such gaps in-
cluded support for reexpress (not supported natively by
any technology; 0.0%), filter (2/35; 5.7%), and calculate
(8/35; 22.9%). Reexpress and filter are considered import-
ant for exploratory visualization, while calculate is essen-
tial for advanced WebGIS. Dynamic reprojection exhib-
ited the greatest variation across technologies, which was
supported by sixteen (16/35; 45.7%) technologies but not
possible in fifteen (15/35; 42.9%). Many of the technol-
ogies supporting reprojection were limited to a small set
of cylindrical projections, further defining the prototypical
web map as a reference map served as raster tiles. Finally,
eleven (11/35; 31.4%) of the technologies natively includ-
ed responsive mobile support, but only six (6/35; 17.1%)
were location aware. Such a finding suggested that car-
tographic design for mobile has garnered some attention
in client-side web map design, but the implementation of
location-based services using the Open Web Platform has
been limited to date.

ONLINE NEEDS ASSESSMENT SURVEY

As described in the third section, we organized the online
needs assessment survey around three topics related to web
mapping. The first section of questions addressed existing
use of the web mapping technologies that we collected
through the competitive analysis. Table 5 presents the fre-
quency that survey participants were aware of or had used
the collected set of web mapping technologies. We listed
three proprietary technologies in this section of the online
needs assessment survey—ArcServer, Adobe Flash, and
Adobe Flex—as a baseline against which to compare the
collected set of open source web mapping technologies, re-
sulting in evaluation of 38 technologies in total.

Survey participants had used just a subset of the collect-
ed technologies. Only the Google Maps API was used by
a majority of participants in the past year (11/21; 52.4%),
with OpenLayers (9/21; 42.9%), ArcGIS Server (8/21;
38.1%), and Adobe Flash (6/21; 28.6%) used in the past
year by a large minority. There were several technolo-
gies that numerous participants were aware existed, but
had never used themselves, most notably the MapQuest
(17/21; 81.0%) and Bing Maps (15/21; 71.4%) APIs, the



ArcServer 0 11
Adobe Flash 0
Adobe Flex 2
Bing Maps API 0
CartoDB 13
CartoWeb 15

5

Cloudmade 13 5

D3 17 3

deCarta 12 | 9
GeoEXT [E

GeoMoose 6
Google Maps API 1

Jump 16

Ka-Map 14

Kartograph 17

Leaflet 13
MapBender E

Mapnik 9
MapQuery 16
MapQuest API 1
MapServer 3
Mapstraction 13
Modest Maps 12
Nokia 1

Openlayers 3

OpenScales 18
Polymaps E
Processing 16
Processing.js 16

Raphaél 12
ReadyMap 18
Tiledrawer 19
TileMill
Tilestache 15
TimeMap 19
ViaMichelin 20
Wax 19
WorldKit 15

Please rate your engagement with the following web map technologies

Frequency
n=20
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| have not heard of | am aware of this

this technology

projects yet

technology, but have technology in the
not used it for any past, but it was more
than one year ago

| have used this
technology in the
past year

| have used this

Table 5. The level of engagement with the set of web mapping technologies gathered through the competitive analysis study. The
proprietary technologies ArcServer, Adobe Flash, and Adobe Flex are added to the top of the table to provide a comp