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Abstract: Cartographic symbols on crisis maps serve as means of depicting information about the
position, properties, and/or numerical values of objects, phenomena or actions specific to crisis
mapping. Many crisis cartographic visualisations require simple, clear, categorised and visually
organised symbols that can be easily read and understood by a wide range of crisis map users.
Cartographic symbol sets for crisis mapping depend on effective graphic design, good availability
(sharing and promotion, dissemination and promulgation) and standardisation (ensuring the general
and repeatable use of map symbols). In this research, our aim was to examine the extent of these
challenges in current cartographic symbology for crisis mapping. Through a comparative study of
prominent symbol sets, we analysed efforts invested so far and proposed future directions. The results
of this study may be of assistance in understanding less unified or coherent symbologies currently in
use, or in revising or amplifying existing sets for future publication.

Keywords: cartographic symbols; map symbology; crisis map; comparative analysis; taxonomy;
graphic design; availability; promulgation; sharing; standardisation

1. Introduction

During crisis response it is critical to share and understand complex spatial, thematic, and
temporal information in a timely, visual and compelling way. Cartography plays an important role
in delivering reliable, understandable, attractive, user-friendly, visual information through maps [1].
A crisis map is a thematic map on which objects, phenomena or actions specific to crisis management are
represented according to their importance and highlighted using appropriate cartographic symbols [1,2].
Cartographic symbols on such maps serve as means of depicting information about the position,
properties, and/or numerical values of objects, phenomena or actions specific to the crisis event.
They are essential for communication to heterogeneous audiences in the unique environment of
a crisis characterised by the immediate risk of considerable loss and stress. Consequently, many
crisis cartographic visualisations rely on simple, clear, aesthetically pleasing symbols that can be
read and understood easily by a wide range of crisis map users [2—4]. If they are incomprehensible,
illegible, ambiguous, unclassified, random, or lack hierarchical organisation and other important
design characteristics, they may fail to convey the intended message and complicate cooperative crisis
management strategies at local, regional and international levels.

The problem of ineffective mapping that fails to communicate messages during a crisis was
identified following Hurricane Andrew (in the Bahamas and south-eastern coast of the USA in 1992)
and Hurricane Fran (in the USA in 1996) [3], when retrograde research was conducted on how the
maps produced during or immediately after these events were used. The same problem was identified
after major tragedies such as the 9/11 terrorist attack (in the USA in 2001), the Christmas tsunami (on
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the coasts of Indonesia, Thailand, Sri Lanka, and India in 2004) and Hurricane Katrina (in the USA,
2005).

Immediately after these events, issues were pinpointed such as the lack of cartographic symbols for
communication in crisis situations, and visually overloaded maps which reduced legibility and made
essential crisis information difficult to understand [2]. The need for cartographic symbols specifically
adapted for use on crisis maps was highlighted. As a result, cartographic symbol sets were specially
designed for communication and action in crises and were promoted within the crisis community.

Examples include (Figure 1):

e  Emergency Response Symbology (Homeland Security Working Group (HSWG), Federal Geographic Data
Committee (FGDC), USA, 2005) [5]

o  Canadian All-Hazards Symbology For Emergency Management [6] (Government Operations Centre
Geomatics (GOC), Canada, 2015) and its predecessors: Canadian Disaster Database Symbology (2007)
and Emergency Mapping Symbology (2010)

o Australian All Hazards Symbology (Emergency Management Spatial Information Australia (EMSINA),
Australia, 2007) and a revised edition issued in 2018 [7]

o  OCHA’s Humanitarian Icons (United Nations Office for the Coordination of Humanitarian Affairs
(OCHA), International, 2012) and a completely revamped set of symbols released in 2018 [8]

o  MIL-STD-2525C Common Warfighting Symbology, Appendix G (Department of Defense (DOD), USA,
2008) [9]

e  Humanitarian Demining Symbols (Geneva International Center for Humanitarian Demining (GICHG),
International, 2005) [10]

e Symbol System for Disaster Management (Laboratory on Cartography, University of Architecture, Civil
Engineering and Geodesy, 2017, Bulgaria) [11]

e  European Emergency Symbology reference for 2D/3D maps (INDIGO project, Europe, 2012) [12]

e Civil Protection Common Map Symbology (Ordnance Survey, UK, 2012) [13].

Despite the fact they were designed for the same purpose, these symbol sets differ in various
aspects. At first glance, the most noticeable difference is the graphic appearance of the symbols—from
economically stylized specific pictorial symbols to extremely simple geometric abstract forms (Figure 1).
They also differ in how they are ordered, structured and visually organised within the set, how they are
disseminated, promulgated and shared between organisations, the extent to which they are commonly
recognised and accepted, etc.

Although the latest research in crisis management has mostly covered the technological aspects of
improving efficiency and strengthening crisis response capacity [4], there is still a need for research
examining characteristics important for determining how easy symbols are to use. Four general
challenges related to the development of symbology for crisis mapping have been identified in a recent
study by Kostelnick and Hoeniges [14] through a review of the cartographic literature and results of a
survey conducted among different humanitarian organisations. These are: (1) symbol taxonomies, (2)
symbol design issues, (3) symbol availability, sharing and promulgation, (4) standardisation process in
the wider community.

In this research, our aim was to examine the extent of these challenges within current cartographic
symbology for crisis mapping. Through a comparative study of prominent examples of existing symbol
sets, our objectives were to analyse the efforts undertaken so far and propose future directions. We
paid particular attention to sets that have undergone new, revised or amplified editions and examined
whether the latest changes implemented succeed in meeting the challenges of crisis mapping symbology.
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Figure 1. Examples of cartographic symbology for crisis mapping.

We were guided by the following research questions. (1) Symbol taxonomies: What does the
taxonomy of cartographic symbols in sets and their internal breakdown look like? What graphic
variables are used to support the visual and cognitive organisation of the symbols within the set? (2)
Symbol design: Are all the basic geometric-graphical elements (point, line, and area) for depicting the
position and quality of objects included in the set? Are the graphic and semantic qualities (such as
simplicity, clarity, visibility, aesthetic appeal, traditionalism, familiarity, general acceptability, hierarchy,
concreteness, semantic closeness) respected in their design? (3) Availability: Where can the symbol
set be found and how easily? How and in which format have the symbols been shared? How are
they promoted? Are there any study and training resources available (user manuals, best practice
guidelines, etc.)? (4) Standardisation: Can the set be expanded with additional symbols? Are guidelines
for the graphic design of new symbols provided? Has any assessment of the design, efficiency, and
recognisability of cartographic symbols on crisis maps been carried out?

2. Materials and Methods

We examined six cartographic symbol sets published in different countries. Three were designed
exclusively for crisis management (American Emergency Response Symbology, Canadian All-Hazard
Symbology, Australian All Hazard Symbology), while two were intended for humanitarian activities
(OCHA’s Humanitarian Icons and Humanitarian Demining Map Symbols), and one for military operations
(MIL-STD-2525 Common Warfighting Symbology). The main selection criterion was that all the
cartographic symbol sets should contain symbols representing objects, phenomena and actions
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specific to crisis management, regardless of their primary purpose. Other criteria were their
availability in the public domain and their recognition by the cartographic scientific and crisis
mapping community [11,15-17].

To begin with, we systematised general information about each cartographic symbol set: its
official name and country of origin, the responsible institution, the year it became publicly available,
the chronology of addenda and/or new editions, the internet source, the format in which the symbols
are available for download, and the terms of use.

We then conducted a comparative analysis to examine, compare and contrast specific aspects of
symbol taxonomies, their design, standardisation and availability within the six selected cartographic
symbol sets.

Regarding (1) symbol taxonomies, if the symbols in the set were classified in groups, we analysed
comparatively their division into categories, pattern of arrangement, and order of connection. We
analysed how thematic organisation in categories was transferred to the graphic appearance of the
symbols. Transcription in a cartographic symbol set must be selective to clearly distinguish affiliation
to a particular type, but also, within each type, it must be associative to clearly show its affiliation [18].
The available graphical variables (also known as visual variables outlined by Bertin [19]) are size, shape,
colour hue, colour value, texture, and orientation. This initial set was later extended to include two
variables used in cartographic design (colour saturation and arrangement) and three which are easier
to manipulate through digital production methods (crispness, resolution, and transparency) [18]. Each
visual variable can be used when designing appropriate cartographic symbols to show the position
and quality of a discrete object, or to present information on its properties. However, each visual
variable has specific properties and is more suitable for transcribing one aspect of information than
others [19,20]. The criteria for the respective perceptual characteristics of visual variables and their
semiotic association were based on findings documented in cartographic textbooks [18-21].

Regarding (2) symbol design we made a quantitative analysis of the total number of cartographic
symbols in each set and their representation according to dimensions. Considering dimensions, the
cartographic symbols were divided into point, line, area, volume, and space-time (four-dimensional)
(according to [18]). We then analysed comparatively the implementation of four semantic qualities
(concreteness, semantic closeness, familiarity, acceptability) and four graphic qualities (simplicity,
visibility, consistency and aesthetic appeal) in the design of pictorial symbols. The choice of symbol
qualities for analysis and the criteria for rating them were based on the general qualities of symbols
documented in cartographic and behavioural literature through research into the characteristics
important in determining how easy pictorial symbols are to use [22,23].

In terms of (3) availability, we analysed comparatively methods of sharing and promoting,
disseminating and promulgating the cartographic symbol sets. We identified methods for disseminating
symbols from existing sets, such as advertising, publications, presentations, workshops, brochures,
flyers, posters, websites, exhibitions, conferences, training activities, innovation networks, and so on.
We examined the technical aspects of how the cartographic symbols were shared, such as the format
available for download, and whether they were embedded in existing GIS software (ArcGIS and QGIS)
or symbol sharing platforms. We also researched and listed any available accompanying resources
such as study and training materials, demonstrations of the use of symbols on maps, user manuals,
best practice guidelines, etc.

In terms of (4) standardisation, we analysed comparatively measures taken regarding the general
and repeated use of cartographic symbols from the set. We asked whether it was possible to extend the
set with additional symbols, and whether there were any guidelines, requirements, rules for graphic
design, or rules for implementing the symbols on crisis maps. Had an assessment of the design,
efficiency, and recognition of cartographic symbols on crisis maps been carried out? Were there any
recorded uses of the symbols on maps in real-case scenarios? We analysed whether the symbols were
intended for use on a certain type of map at a certain scale.
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3. Results

The elements of the cartographic symbols sets covered by the analysis are summarized and
presented in Table S1 and given in the Supplementary Materials. The results of the comparative
analysis, with specific examples, are reported in the subsections which follow.

3.1. Taxonomy, Visual and Hierarchical Organisation of Cartographic Symbols

A comparative analysis of the sets revealed different approaches to the hierarchical, thematic
and visual organisation of cartographic symbols. For example, the symbols in Canadian All-Hazards
Symbology and Humanitarian Demining Map Symbols were organised in three categories, while those in
American Emergency Response Symbology, Australian All Hazard Symbology and MIL-STD-2525 Common
Warfighting Symbology were organised in four categories. In the OCHA’s Humanitarian Icons, many
themes of interest to the humanitarian community, from natural disasters (such as tsunamis and
earthquakes) to relief supplies (such as water containers and shelter kits) were covered. Complex
humanitarian topics such as access to people in need and protection of civilians were also covered. However,
no clear thematic division into categories was stated.

Although the total number of categories and their names in the sets differed, general similarities
could be found. Incidents, operations and infrastructure are three commonly used categories for the
thematic organisation of cartographic symbols for communication and action in a crisis. In American
Emergency Response Symbology, Canadian All-Hazards Symbology and Australian All Hazard Symbology,
visual organisation is achieved by connecting particular geometric shapes to particular categories of
symbols (Figure 2a). In a new version of the Australian All Hazard Symbology (2018), a new category of
observations has been added for features which are affected or impacted by the incident (Figure 2a).

In American Emergency Response Symbology a visual hierarchical status on the damage caused,
marked by the particular geometric shape and/or colour hue of the symbol frame, can be additionally
assigned to symbols in the operations and infrastructure categories (Figure 2b).

In the new edition of Australian All Hazard Symbology, graphic variables have been introduced
for expressing ordered (hierarchical) properties (Figure 2c). A visual hierarchical status can also be
assigned for features which are affected or impacted by the incident (Figure 2d).

Following the example of American Emergency Mapping Symbology, a new version of Canadian
All-Hazards Symbology incorporates the use of different frames—a diamond for an incident, a rectangle
for infrastructure, and a circle for operations. A frame with dashes represents a disruption to an
incident or infrastructure. When the symbology set is distributed, these frames will be provided so
users can combine them with any symbol [6].

In MIL-STD-2525 Common Warfighting Symbology, affiliation is shown by framing the symbols
using different shapes and colour fills (for example, the relationship between an operator and an
operative object). The basic categories of affiliation are unknown, friendly, neutral and hostile (Figure 2e).

Although the symbols in OCHA’s Humanitarian Icons and Humanitarian Demining Map Symbols
are thematically organised in categories, this has not been transferred to the graphic appearance of
the symbols (Figure 2f). Since all the symbols in OCHA’s Humanitarian Icons set are the same colour
hue, associative and selective properties are not achieved. Although the pictograms in Humanitarian
Demining Map Symbols use frames of different geometric shapes and colour fills, these variables are not
applied to achieve visual organisation of the symbols, but arbitrarily.

3.2. Design of Cartographic Symbols

3.2.1. Representation of Cartographic Symbols according to Their Dimensions

A quantitative analysis of the cartographic symbols according to their dimensions showed that in
the cartographic symbol sets, there were generally no line and area symbols envisaged for representing
objects, phenomena, and actions specific to crisis management (see Table S1). The exceptions were the
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Australian All Hazard Symbology (with 13 line and 10 area symbols), and the Humanitarian Demining
Map Symbols (with 31 area symbols) (Figure 3).

O

a) Incidents (diamond), Operations (circle) and Infra-
structure (rectangle) are used for thematic and visual
organisation of cartographic symbols in American
Emergency Response Symbology, Canadian All-Hazards
Symbology and Australian All Hazard Symbology.
Category Observations (pentagon) is added in the new
version of the Australian ALl Hazard Symbology.

Ol lv] [%

¢) Ordered property for representing the status of the
asset Potentially Defendable (circle), Defendable
(checkmark) and Not Defendable (cross) within the
symbol frame is available in the new version of the

1

o

b) In American Emergency Response Symbology a
visual hierarchical status on the damage and ope-
rational level from Fully operational (left) to Totally
incapacitated (right) can be additionally assigned to
symbols in the categories Operations and Infra-
structure.

L AOA®;

d) In Australian All Hazard Symbology a visual
hierarchical status on the damage for features which are
affected or impacted by the incident from Total damage
(left) to No damage (right) can be additionally assigned
to symbols in the category Observations.

Australian All Hazard Symbology.

e) In MIL-STD-2525D Common Warfighting Symbo-
logy a yellow quatrefoil frame is used to denote
unknown affiliation, a blue rectangle frame to denote
friendly affiliation, a green square frame to denote
neutral affiliation, and a red diamond frame to denote
hostile affiliation.

symbol sets.

l:l:l:> F ===lp-

S N A 9O
TG EA

f) Although OCHA's Humanitarian Icons cover many
themes of interest to the humanitarian community,
this thematic organisation has not been transferred to
the graphic appearance of the symbols. The associative
and selective properties of cartographic symbols are
notachieved.
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Figure 2. Taxonomy, visual and hierarchical organisation of cartographic symbols in the analysed

Completion survey  Mechanical clearances Manual clearances Minefield

Figure 3. Examples of line (top) and area (middle) symbols from Australian All Hazard Symbology, and
area symbols from Humanitarian Demining Map Symbols (bottom).
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3.2.2. Concreteness of Cartographic Symbols

Concreteness refers to the extent to which the symbol depicts real objects, materials, or people [23].
Pictorial symbols tend to be more concrete and visually obvious in comparison to associative, geometric
or alphanumeric versions [22].

For the comparative analysis of symbol concreteness in the sets, a quantitative analysis of
representation of cartographic symbols according to appearance was made. Point cartographic symbols
were divided into pictorial, associative, geometric and alphanumeric [18]. The symbols were considered
pictorial if they were simplified drawings of important external (formal) or symbolic features of objects.
The symbols were considered associative if a combination of geometric and pictorial characteristics
was used to form a shape associated with the intended theme. If the symbols were derived from basic
geometric shapes or from regular linear and area alignments of lines or points, they were regarded as
geometric. Alphanumeric symbols were those formed using letters or numbers.

The quantitative analysis showed that associative, geometric and alphanumerical symbols were
also represented in the sets in addition to pictorial ones. The exception was OCHA’s Humanitarian Icons
set where no geometric symbols were found. Examples of associative, geometric and alphanumeric
symbols selected from each set are shown in Figure 4.

American (Canadian Australian 0CHAS Humanitarian MIL-STD-2525
Emergency All-Hazards All Hazards Humanitarian Demining Common
Response Symbology ~ Symbology Symbology Icons Symbols  Warfighting Symbology
Nt g
®» = © & e [O
Emergency Bridge Tropical Epidemic Anti-Personnel  Law enforcement
Medical Operation cyclone Landmine
Emergency Cyclonic Life- Cultural Armour
operation event saving facility site
® O H O B &
Transportation Security Hospital Historic Non-food Non-governmental Special
Administration facilities site items organisation operations forces

Figure 4. Selected examples of associative (top), geometric (middle) and alphanumeric (bottom)
symbols in the analysed symbol sets.

3.2.3. Semantic Closeness of Cartographic Symbols

Pictorial symbols were further analysed on the basis of how the symbol (i.e. the visual
representation) was linked to its meaning (i.e. the referent). Semantic closeness is the measure
of the distance between the map symbol and what it is intended to represent [22,23].

At the general level, representation strategies in terms of visual similarity, semantic association
and arbitrary convention were observed within the sets. Through visual similarity, the referent
was represented by depicting its visual characteristics, as shown in selected pictograms from
OCHA’s Humanitarian Icons (Figure 5, top row). This kind of representation was regarded as the
closest semantically.
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Figure 5. Examples of different representation strategies in the analysed symbol sets: visual similarity
(top), semantic association (middle) and arbitrary convention (bottom). The representation is
semantically closest on the top symbols, and semantically farthest on the bottom symbols.

Through semantic association, the connection between the referent and the symbol was mediated
by depicting concepts that were semantically close to the referent. Semantic association in the selected
pictograms from Canadian All-Hazards Symbology was achieved by depicting the visual characteristics
of typical representatives (e.g. a knife and fork for a food distribution centre, a mortarboard for a
university) (Figure 5, second row), or by depicting the visual characteristics of a pictogram with a
higher level of meaning abstraction (e.g. binoculars for a rescue action, a helmet for safety, a maple leaf
as the national symbol for a Canadian significant site) (Figure 5, third row).

The representation was semantically farthest when the referent was represented through an
arbitrary convention that had to be learned in order to interpret it correctly (e.g. a rod of Asclepius for
a health facility, or the international trefoil for radiological material) (Figure 5, bottom row).

3.2.4. Familiarity and Acceptability of Cartographic Symbols

Familiarity of symbols is the frequency with which they are encountered [22,23]. For example,
most people find the symbols used to indicate public toilets very familiar, despite variations.

Cartographic symbols that have been used in almost unchanged or very similar forms over a long
period of time were present in all the analysed sets (e.g. a knife and fork are usually used for a place
where food is served, an envelope for a post office, an anchor for a ship port, along with commonly
used cartographic symbols for a school, public recreation area, transport and bridge) (Figure 6).

Additionally, in OCHA’s Humanitarian Icon, pictograms were identified that are regularly used in
traffic communication, such as violent wind, snowfall, landslide and gas station, and to communicate
public information, such as toilets and disabled persons. Generally accepted hazard pictograms
were also present, e.g. for poison (which indicates danger in general, not just danger of poisoning),
hazardous material, radioactive material and biohazardous infectious materials.
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Figure 6. Selected examples of cartographic symbols that have been used in almost unchanged or very
similar forms over a long period of time.

3.2.5. Visual Complexity (Simplicity) of Cartographic Symbols

The visual complexity of a symbol refers to the intricacy of its edges, the number of its elements,
and level of detail [24]. A comparative analysis of cartographic symbols in the sets showed that the
level of detail used to depict objects, phenomena and actions specific to crisis mapping differed, from
economically stylized concrete pictorial symbols (e.g. American Emergency Response Symbology and
OCHA'’s Humanitarian Icons) to extremely simple geometric abstract forms (e.g. MIL-STD-2525 Common
Warfighting Symbology).

Cartographic symbols to depict civilians were selected and arranged from the simplest to the most
detailed (Figure 7). In the first symbol, the person is represented by two lines and a circle. Not everyone
will automatically associate this extreme simplification with a body and head. Some additional details
such as lines indicating arms and legs may be necessary. On the other hand, too much detail can have
the opposite effect. The examples in Figure 7 show that although an individual civilian symbol (from
the old version of Canadian All-Hazards Symbology) works well on its own, a simpler pictogram like
one from American Emergency Response Symbology works better for concepts like civil demonstrations,
civilian displaced population, civil rioting and civilian evacuation.

MIL-STD-2525 American OCHA's Humanitarian Canadian All- Canadian All-
Common Warfight- Emergency Humanitarian Demining Hazards Symbo-  Hazards Symbo-
ing Symbology Response Symbology Icons Symbols logy, ver. 2015 logy, ver. 2010

<D ¢ @A @ 4

American Emergency Response Symbology  Canadian All- Hazards Symbology, ver. 2015  Canadian All- Hazards Symbology, ver. 2010

HOOEOE f a0 B8 $o

Figure 7. Different levels of visual complexity of cartographic symbols within the analysed sets.
3.2.6. Visibility of Cartographic Symbols

The visibility of a symbol refers to the ease with which it can be seen against the background [22].
In this research, we only analysed comparatively the contrast and prominence of pictograms against the
colour inside the symbol (fill). Contrast of cartographic symbols against background maps should
also be examined in the future research, to indicate how much the readability of each symbol locally
decreases when it is presented on a specific colour background. A quantitative measure for colour
contrast to be calculated between any map object and its background can be found in Reference [25].
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Instructions for contrast ratings were obtained from previously calculated contrast differences
between two colours, based on the light reflectancy readings in percentages for each of the two colours
involved [26]. Good contrast can be achieved by using black and white [26]. Contrast in the form of
a black pictogram on a white background was used for all symbols in American Emergency Response
Symbology, Canadian All-Hazards Symbology, and some symbols in Australian All-Hazard Symbology and
Humanitarian Demining Map Symbols (Figure 8).

American Emergency Canadian All- Australian All Humanitarian
Response Symbology Hazards Symbology Hazards Symbology Demining Symbols
@ @insl Foloo@ WIW & O S
MIL-STD-2525 Common OCHA's Australian All Hazards Humanitarian Australian All Hazards

Warfighting Symbology ~ Humanitarian Icons Symbology Demining Symbols Symbology

®® Iy B OE B

MIL-STD-2525 Common
Warfighting Symbology

&) 8] @

Figure 8. Examples of the contrast and prominence of pictograms set against the colour hue inside the
symbol (fill) in the analysed sets.

In addition to light-dark contrast combinations [26], the following combinations of pictograms
and backgrounds were deemed successful:

e  black on yellow (symbols in MIL-STD-2525 Common Warfighting Symbology denoting the unknown
affiliation category),

e red on white (certain symbols in Australian All-Hazard Symbology).

e  blue on white and white on blue (all symbols in OCHA’s Humanitarian Icons, and certain symbols
in Australian All-Hazard Symbology and Humanitarian Demining Map Symbols).

Slightly lower contrast and prominence was noted for cartographic symbols in MIL-STD-2525
Common Warfighting Symbology denoting friend, neutral, and hostile affiliation categories. In these cases,
black pictograms were used on blue, green and red backgrounds (Figure 8).

3.2.7. Consistency of Cartographic Symbols

Consistency means the extent to which symbols form a visually uniform set [22]. Consistency
was analysed as a quality of the symbol set rather than as a quality of the individual symbols.

In all the analysed sets, pictograms were framed by particular geometric shapes and filled with
predefined colour hues. Thus, a certain degree of consistency in the depiction of point symbols was
achieved. The exception was the set of point symbols in Humanitarian Demining Map Symbols, where
frames and colour fills were arbitrarily applied.
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Consistency in a cartographic symbol set can also be achieved by using similar stroke weights, arcs,
circle sizes, and perspectives [22]. The highest consistency was achieved in the new version of OCHA’s
Humanitarian Icons, where the new pictograms were drawn from scratch following predetermined
standardized design rules. Thus, all the new icons looked similar in terms of visual complexity and
appeared to belong to the same family.

More about the rules and guidelines for consistent and unified style and the visual appearance of
cartographic symbols in the sets is discussed in Sections 3.4.2 and 3.4.3.

3.3. Awvailability (Sharing, Dissemination, and Promulgation) of the Cartographic Symbols

All the cartographic symbol sets examined are publically available online on the websites of
the institutions responsible for their development. American Emergency Response Symbology has been
publicly available on the web pages of the Homeland Security Working Group of the Federal Geographic
Data Committee [27] since 2004. The current (third) version of Canadian All-Hazards Symbology was
publicly released by Government Operations Centre Geomatics (GOC) in the document [6] in 2015. It is
currently available at [28], but a permanent host is required. In 2018, the second edition of Australian
All Hazards Symbology was released. The symbol set, related documents and entire project history
are available on the website of Emergency Management Spatial Information Australia [29]. The OCHA'’s
Humanitarian Icons set has been publicly available on the United Nations Office for the Coordination of
Humanitarian Affairs (OCHA) website since 2012 [8]. The second edition was released in 2018. There
has been a publicly available report [10] with a corresponding set of Humanitarian Demining Symbols on
the website of the Geneva International Center [30] since 2015.

Detailed information for each cartographic symbol set (the responsible institution, the year it
became publicly available, the last update, a chronology of addenda and/or new editions, the internet
source, formats in which the symbols are available for download, and terms of use) is systematized in
Table S1.

A comparative analysis showed that the most common formats in which symbols in the sets
are shared are the raster PNG, and vector SVG format. Technical resources also include predefined
style files for ESRI’s ArcGIS for all the analysed symbol sets and for QGIS (in the case of OCHA'’s
Humanitarian Icons and Australian All Hazards Symbology) that can be loaded into standard mapping
software to promote easy sharing within and between organisations.

The OCHA’s Humanitarian Icons set is the only representative of cartographic symbols for crisis and
humanitarian mapping within the Noun Project [31], a platform that offers a crowd-sourced collection
of universally recognisable icons for visual communication.

Symbols from the Emergency Response Symbology set are built-in in Symbol Store, a visual-enabled,
web-based interactive tool designed to help mapmakers share point symbols [32]. The initial idea
behind Symbol Store was to allow users to browse symbols by keywords, category tags, and contributors
and to facilitate the discovery, retrieval and sharing of map symbol sets between users. Symbol sets
can be downloaded as ESRI Style Files so that they can easily be imported into new or current ArcGIS
map projects.

Joint Military Symbology XML (JointMilSyML or JMSML) is an XML schema and associated
instance data, designed to document the contents of MIL-STD 2525D and NATO STANAG APP-6(C).
The Military Overlay is supplied as a project template for ArcGIS Pro and allows military standard
symbols to be created quickly using and adapting existing feature templates, creating a military overlay
with military standard symbols and sharing the overlay as either a static image or a web map [9]. It
is hoped that future defence and intelligence systems will be engineered to take advantage of this
technology, thus accelerating the delivery of new military symbology to war combatants, reflected in
updates to these standards.
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3.4. Standardisation (General and Repeated Use) of Cartographic Symbols

3.4.1. Standardisation of Map Symbology

At the moment, only one set of truly standardised emergency symbology exists. This is Emergency
Response Symbology used in the United States and standardised by the American National Standards
Institute [5].

After its public release, the cartographic symbols in Emergency Response Symbology triggered
great interest among crisis management experts and emergency service workers. Various software
producers wanted to include the cartographic symbols in their software, which would have increased
their availability and consistent use on crisis management maps. However, since the symbols were
adopted as a standard of the American National Standards Institute, their use involves the payment of a
fee, which has put off many users who are still using the free version. The standardised set is used
officially by emergency management and first responder communities at all levels of need (national,
state, local and incident) in the United States [27].

MIL-STD-2525 Common Warfighting Symbology is the standard setting out rules and requirements
for defining and displaying military operations, and all units of the US Department of Defense (DOD)
have been obliged to implement it since 2008. It is also available to non-DOD entities (e.g. first
responders, the United Nations, and multinational partners).

The equivalents of this standard are two NATO publications: Allied Procedural Publication
APP-6A—Military Symbols for Land Based Systems and Allied Procedural Publication APP-6B—]Joint
Symbology (1998), in which graphic symbols for marking units, positions and control measures in
tactical operations are defined. The content of NATO’s publications and U.S. Department of Defense’s
MIL-STD-2525 standards are basically the same, but the latter has been developing faster, and therefore
the analysis in this paper refers to that standard.

3.4.2. Standardisation of Usage

In Emergency Response Symbology it is stated that the symbols are intended for use on digital and
paper maps at large and medium scales. It is not recommended to use the symbols on small-scale
maps, but rather simplified versions or geometric shapes that indicate the symbol category [27]. In
Australian All Hazard Symbology it is stated that the symbols are intended for use on paper and digital
topographic maps and aerial images at small, medium and large scales. There was no more detailed
standardisation of their use in the resources studied. However, a new element in the version released
in 2018 is the inclusion of five scale-dependent symbols for facilities (Fire-Fighting Facility, Ambulance
Facility, State Emergency Service Facility, Life-Saving Facility and Police Facility) for use at smaller scales.
Also, for the new category Observations in which frame fills in different colour hues of the same intensity
selectively outline information on damage caused, alternatives to the black and white variants of the
symbols are also envisaged [29]. In Canadian All-Hazards Symbology it is stated that the symbols are
primarily intended for desktop mapping, while still enabling effective web use [6]. The symbols in the
OCHA'’s Humanitarian Icons set are intended for use in a wide range of OCHA humanitarian community
information products, including maps, written reports, infographics and websites, while the symbols
in MIL-STD-2525 Common Warfighting Symbology are intended for use in paper military topographic
maps, digital military information systems, “graphics” and “working maps” [9]. The symbols in the
Humanitarian Demining Map Symbology set are intended for use in topographic maps and aerial images
in digital and paper form, at large, medium and small scales, and are specially adapted for use in the
mine action information set (Information Management System for Mine Action IMSMA) distributed
by the Geneva International Humanitarian Demining Centre [30].

3.4.3. Extending Sets with New Symbols

The Homeland Security Working Group responsible for the development of American Emergency
Response Symbology points out that the set does not include all the symbols required to represent objects,
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phenomena, and crisis-specific actions. If a need for new symbols arises, they will try to incorporate
them in an existing set, depending on the resources and capabilities available [27]. However, guidelines
for extending an existing set with new symbols are not publicly available.

The current version of the Australian All Hazard Symbology set does not include all the cartographic
symbols needed to manage different crises. The existing symbols are limited to actions in certain types
of crisis and provide a base that will be extended in the future to meet the wider needs of national
security and crisis management [29]. The 2010 version contained a total of 83 symbols. Between 2011
and 2017, EMSINA continued to collect information for a new and/or improved Australian All Hazard
Symbology. A dedicated symbology officer was elected in 2015. This person, in collaboration with
a small EMSINA working group, revised the method for collecting and approving symbols in 2016.
The latest version of the 2018 set contains a total of 127 symbols. However, there are no guidelines
for extending the existing set with new symbols, that is, none have been published in the available
resources. However, a workflow for new symbology proposals [29] has been clearly stated.

The OCHA'’s Humanitarian Icons set is periodically extended with new symbols as necessary [8],
and as other versions of the set have been released, major advances have been made to standardise
guidelines for extension with new symbols. In 2018, OCHA released a completely revamped set
of 295 symbols (and the number continues to increase) as the result of a long, meticulous redesign
process. The first version in 2012 contained a total of 241 symbols. It grew organically as illustrations
were developed to meet internal design needs, and the new series has been drawn from scratch
following standardised design rules. The OCHA Graphics Stylebook [8] was also released, containing
guidelines for establishing some rules for all designers, so that there is consistency across the icon
family. Moreover, the original set has been extended to include new themes (for instance cash transfer)
and individual icons have evolved to reflect changes that have occurred since 2012 (in technology, for
example).

3.4.4. Assessment

Assessing the symbol design and recognisability in the American Emergency Response Symbology set
was conducted in two ways, and the test methods and detailed results were published [2,27]. In the first
case, the assessment of the appearance of each symbol was conducted by the Homeland Security Working
Group during December 2003 and January 2004, in an on-line open-type survey in which various crisis
management and emergency services volunteers participated. The survey results were published in
a report on the website of the Homeland Security Working Group [27]. For each symbol in the set, the
participants of the survey indicated whether they accepted or rejected its graphic design and short
definition. Symbols that did not reach the 75% acceptance threshold were reviewed and redesigned
(e.g. 11 symbols were not accepted in the category ‘incidents’, 7 in the category ‘natural events’, 4 in
the category ‘activity’, and none in the category ‘infrastructure’). The symbols that met the threshold
were accepted as standards of the American National Standardization Institute ANSI INCITS 415-2006
Homeland Security Mapping Standard—Point Symbology for Emergency Management. In the same
period a recognition test was conducted of 15 randomly selected symbols from the category Incidents
and 13 from the category Operations [2]. Since there are no clear guidelines or norms to test the
recognition of cartographic symbols for a crisis, the standard recommendations ANSI Z535.3 National
Standard for Criteria for Safety Symbols which prescribes general criteria for the assessment and use of
safety symbols indicating specific hazards were adopted [2]. Fifty Californian fire-fighters participated
in the testing, and it was found that only 6 of the 28 symbols rated achieved the 85% recognition level
prescribed by the standard.

An assessment of the symbol design of Humanitarian Demining Map Symbols was conducted on
the initial version. Professional pyro-technicians participated in the testing, and their comments and
feedback were taken into account when adjusting the symbols in newer versions of the system [17].



ISPRS Int. |. Geo-Inf. 2020, 9, 142 14 of 20

There is no evidence that the design, effectiveness, or recognisability of the proposed
cartographic symbols was assessed for other symbol sets covered by the existing literature and
other available resources.

4. Discussion

Several recommendations may be made following the comparative analysis of cartographic
symbol sets for crisis mapping presented in this paper.

4.1. Recommendations and Best Practices for the Taxonomy, Visual and Hierarchical Organisation of
Cartographic Symbols

For a thorough understanding of a cartographic symbol set, that is, to achieve the optimal
map function for communicating information in a crisis, symbols should be formed following the
appropriate organisational structure or taxonomy. Although the data to be displayed on a map is
sometimes already provided for the cartographer in a proper organisational structure, no such structure
exists in the case of data for communication and acting in a crisis. However, the analysis of the sets
showed that some similarities were found in the organisation of cartographic symbols in groups in
Emergency Response Symbology, Canadian All-Hazards Symbology, Australian All Hazards Symbology and
MIL-STD-2525 Common Warfighting Symbology.

The visual organisation of the symbols in the set should be such that crisis management participants
(both cartographers and map users) notice it immediately [15]. This can be achieved by using the
appropriate colour hues and different shapes for framing cartographic symbols, as in the sets in
Emergency Response Symbology, Canadian All Hazard Symbology and MIL-STD-2525 Common Warfighting
Symbology.

In Figure 9 we describe a possible cognitive scheme for interpretation of cartographic symbols in
Emergency Response Symbology, Canadian All-Hazards Symbology, Australian All Hazards Symbology and
MIL-STD-2525 Common Warfighting Symbology according to pattern we observed in the comparative
analysis of their visual and hierarchical organisation. It was based on the similar example schema for
interpretation of symbols on a National Park Service map and schema for interpreting U.S. Interstate
Highway numbers presented in Reference [18].

The same model could be applied to the sets in OCHA’s Humanitarian Icons and Humanitarian
Demining Map Symbols to customise them for crisis mapping. Following such a cognitive scheme, users
apply logic in the interpretation of cartographic symbols on a crisis map, and this tells them that the
graphic appearance of the symbol is divided into two parts: the frame, which is to a certain extent
a constant part of the cognitive scheme (that is, it can take a finite number of geometric shapes and
colour hues), and the pictogram (a variable part of the scheme that takes on a new form each time).
Users visually and/or logically interpret various kinds of pictograms, where each shape is associated
with a particular object, phenomenon or action. The frame around a pictogram may be a red square
or a blue rectangle, and users subconsciously organise them into groups by applying the similarity
principle—similar objects form a group. The frame location on the map indicates the position of the
displayed object in relation to other objects on the map. Apart from quality, the objects identified
can also be distinguished by their ordered properties. By analysing the existing cartographic symbol
set, it was noted that ordered properties were not present in the first versions but were included in
later editions of Australian All Hazards Symbology and Canadian All Hazards Symbology. As a result,
for example, infrastructure objects were labelled as destroyed or undamaged, and roads as passable
or obstructed.



ISPRS Int. |. Geo-Inf. 2020, 9, 142

15 of 20

point map symbol

A

Q,
.\‘;\Sg\ /7.5‘/3.(3_

& 9

frames )
frame < > ﬁ pictogram

inside

o

%

A\
O representing O belonging O O

hierarchical status

to the category

SyewW

\ 4
O location
i

depicts the position of the
displayed object in relation
to other objects on the map

black or O

white

O smaller than the frame

sylew

object,
phenomenon
' oraction

it is visually and/or logically
associated with a particular
object, phenomenon, or action

Figure 9. Cognitive scheme describing possible pattern of thinking and behaviour of users in the
interpretation of cartographic symbols for crisis mapping.

4.2. Recommendations and Best Practices for the Design of Cartographic Symbols

Firstly, a quantitative assessment of existing symbols according to their dimensions indicated
a lack of line and area symbols in Emergency Response Symbology, Canadian All Hazard Symbology,
OCHA’s Humanitarian Icons, MIL-STD-2525 Common Warfighting Symbology and lack of line symbols in
Humanitarian Demining Map Symbols. It was apparent from the analysis of existing crisis maps [33] that
line and area symbols were crucial in representing objects, phenomena, and actions specific to acting in
a crisis, even though they appeared in much smaller numbers than point symbols. For example, line
symbols were used to show fire front progression or oil spills at sea, and to mark evacuation routes
or priority roads and routes used during a crisis. Area symbols usually indicated areas affected by
crises (for example, flooded areas, wildfire-burned areas, or areas affected by hazardous gas leaks),
and danger zones.

We are aware that line and area symbols in the cartographic symbol sets for crisis mapping are
mapped directly on the base map, and that the length of a line symbol or shape and size of an area
symbol cannot be defined in advance, as with point symbols. However, we recommend that these
symbols are included in existing sets, with graphic variables applied instead of dimensions. These
variables are size, direction, and colour hue (Figure 10). Size variation of the line (thicknesses or
width) should be applied when designing the (hierarchical) and quantitative properties of objects.
Direction variation (changing a line into an arrow) should be used to represent motion, and variation
of colour value to express the ordered properties of line objects. When designing area symbols, two
graphic variables should be applied: colour hue and transparency of fill and/or texture (Figure 10).
The corresponding point symbol is located within the polygon and indicates which phenomenon is
represented by the area symbol.
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Figure 10. Integral geometric and graphic variables for depicting line and area symbols on crisis maps.

Line colour hues and shape fills should be applied consistently, according to the principle of
similarity with the actual situation in nature, or by adopting symbolism. To achieve selective properties
in the depiction of the line symbols, the thickness or width of lines must be at least 0.5 mm or 2
pixels apart [34]. The transparency of the area symbol fill can vary from 15 to 30 %, depending on
the type of base map. The visual variable texture is well suited to associate map symbolisation with
natural phenomena (e.g. snowflakes for snow avalanches). When used, it can denote categorical or
numerical differences (the higher the value, the denser the texture). Sequential colour schemes are
suited for ordered data that progress from low to high [19,21] and are should be used to depict classes
of increasing values (e.g. blue value scale for intensities of the flooded areas). Diverging schemes put
equal emphasis on mid-range critical values and extremes at both ends of the data range [19,21] and
should be used for data whose values are above or below a critical value (e.g. a scale of red and green
values for selective highlighting of danger zones).

Secondly, understanding the different semantic and graphic qualities of symbols is important
when a new set of symbols is designed or an existing set extended with new symbols.

The quantitative assessment of existing symbols by frequency of appearance showed that although
pictorial symbols were present to a greater extent, there were many examples of abstract and geometric
symbols. In military systems such as MIL-STD-2525 Common Warfighting Symbology this is acceptable,
since the users who need to interpret them have undergone special training. However, users who
encounter these unfamiliar symbols for the first time may face difficulties. Thoughtfully designed
pictorial symbols will not only be understood more easily and intuitively by a wide range of crisis
participants such as crisis management experts and emergency services workers, but also by civilians
or the general public. Therefore, appropriate pictorial symbols should be preferred over alphanumeric,
geometric and abstract symbols. This requirement was considered in the new version of Canadian
All-Hazards Symbology, where only one alphanumeric symbol was found (the letter H for hospital),
whereas the previous version contained nine.

In terms of graphic qualities, when designing the visual appearance of the symbol, preference
should be given to economically stylized, concrete pictorial symbols, such as those in Emergency
Response Symbology and OCHA’s Humanitarian Icons, compared to the more detailed ones in the old
version of Canadian All-Hazards Symbology. However, extremely simple geometric abstract symbols,
such as those in MIL-STD-2525 Common Warfighting Symbology, should be avoided.

The new version of OCHA’s Humanitarian Icons is a successful example of the application of
graphic and semantic qualities. In this symbol set, the pictogram is not treated as a single solution, but
as a series of pictograms, taking into account concreteness, semantic closeness, familiarity, acceptability,
simplicity, visibility, consistency and homogeneity.
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4.3. Recommendations and Best Practices for the Availability of Cartographic Symbols

It is obvious that tradition, homogeneity, uniformity, and standardisation, both in the graphic
design of symbols and their application on crisis maps, are crucial when creating map symbols for crisis
mapping. The standardisation of cartographic symbols for crisis mapping (in the sense of ensuring
unambiguous, consistent application) would allow users to become familiar with their meanings and
increase their usefulness on crisis maps.

Emergency Response Symbology is arguably the most globally recognised standardised approach to
emergency management mapping symbology and is also formally recognised as an American National
Standards Institute (ANSI) standard. Emergency Response Symbology was the pioneer symbology
standard for emergency management, and later attempts, including the Canadian and Australian
All-Hazards Symbology sets, were inspired by and build as much as possible on it.

In addition to the graphic design of cartographic symbols, crisis management participants
(cartographers and users) must be provided with rules and guidelines for use on the map. In order to
expand the system with new symbols, guidelines for the graphic design of cartographic symbols must
be standardised. Such guidelines must specify the minimum size for legibility and predict the use
of symbols on maps at different scales, since scale dictates the size of a cartographic symbol and the
amount of detail that can be represented by a pictogram in a particular symbol. We are aware that
guidelines for determining the visual appearance of a particular symbol can only be general in nature,
like guidelines for obtaining good legibility. So, those who design new symbols should have some
(basic) knowledge of how to apply the guidelines.

Apart from the ease of understanding and memorising them, the success of cartographic symbols
lies in their availability and maximum ease of use on future crisis maps. Incorporating symbols in
software (e.g. the symbols in American Emergency Response Symbology are available in ESRI's ArcGIS
software), and uploading them on platforms (e.g. the symbols in OCHA’s Humanitarian Icons are
available on the Noun Project platform) may help the set to be recognised as the de facto standard in the
crisis and humanitarian community.

4.4. Recommendations and Best Practices for the Standardisation (General ad Repeated Use) of
Cartographic Symbols

Since the current methods for public online sharing mostly include sharing via the organisation’s
website, future research in the field of crisis mapping should seek to develop additional resources
(such as crowdsourced, open-source web-based repositories and platforms for accepting, storing and
disseminating symbols) that would further encourage the sharing of symbol sets among organisations
and promote standardisation with regard to ensuring unambiguousness and the general and repeated
use of these symbols on crisis maps.

It is necessary to invest efforts in different forms of promotion, such as publishing, presentations,
workshops, brochures, flyers, posters, conferences, and training activities. Sharing, promotion,
dissemination and promulgation of cartographic symbols undoubtedly imply the costs of training,
raising awareness, and changing standard practices and procedures. The establishment of funding
mechanisms and a clear structure for the management of implementation activities should help mitigate
these costs.

5. Conclusions

In this paper, a comparative analysis was conducted of six publicly available cartographic symbol
sets that have been promoted since 2005 in the scientific cartographic and crisis management community.
While future research could be extended to identify other existing symbol sets currently in use in
professional and civilian crisis management, we believe that the limited number of six comparatively
analysed cartographic symbol sets is justified in terms of making representative conclusions, mostly
because of their wholeness, prominence and continuous history. A comprehensive analysis and parallel
comparison of taxonomy, graphic design, availability (sharing, dissemination and promulgation)
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and standardisation (general and repeated use) of cartographic symbols resulted in an assessment
of the current state of affairs, unresolved problems, and possible avenues of improvement regarding
cartographic symbology for crisis mapping.

We recommend the inclusion of line and area symbols in existing sets, since they are often needed
to depict evacuation routes during a crisis, or areas affected by the crisis. We propose a cognitive
scheme with a recognised pattern of user thinking and behaviour in the interpretation of cartographic
symbols for crisis mapping and advise the application of such a scheme to OCHA’s Humanitarian
Icons and Humanitarian Demining Map Symbols in terms of customisation for crisis mapping. Since
appropriate pictorial symbols should always be preferred over alphanumeric, geometric and abstract
symbols, we recommend the replacement of symbols in existing cartographic symbol sets with
pictograph alternatives whenever possible. OCHA’s Humanitarian Icons is a successful example of the
application of consistency and homogeneity in symbol design. Following that example, we recommend
that graphic and semantic qualities are considered in the design of cartographic symbols for crisis
mapping. Regarding standardisation and efforts made in respect of the general and repeated use of
cartographic symbols, we draw particular attention to American Emergency Response Symbology and
OCHA'’s Humanitarian Icons. The availability of the symbols in OCHA’s Humanitarian Icons within the
Noun Project platform has undoubtedly helped this set to be recognised as the de facto standard in the
crisis and humanitarian community.

Additionally, the comparative analysis showed that certain changes have been implemented in
new, reviewed or extended editions of existing sets. Better visual organisation has been achieved in
Canadian All Hazards Symbology, special symbols for expressing associative and selective properties
have been added to Canadian and Australian All Hazards Symbology. Study and training materials such
as demonstrations of using symbols on maps have been provided with Emergency Response Symbology
and Canadian All-Hazards Symbology, and graphic guidelines have been produced for extending the
OCHA'’s Humanitarian Icons set.

We hope that the results of this comparative study of prominent cartographic symbols for crisis
mapping will be of assistance in understanding less unified and coherent symbologies currently in
use and in the production of future revisions or amplifications of existing systems. Good practices
implemented in existing cartographic symbol sets for crisis mapping can also reduce duplicated efforts
and encourage the adoption of existing symbol sets.

Although compliance with the guidelines, rules, and graphic requirements outlined in this
comparative analysis can be used as criteria for assessing the appearance, effectiveness and visibility of
the existing cartographic symbology for crisis mapping, such process will provide partly subjective
and partly objective assessment of the symbol qualities. While some conditions, such as the assessment
of the applied basic geometric and graphic variables, visibility, concreteness and symbol dimensions
can be accurately measured, other conditions, such as the assessment of simplicity, familiarity and
semantic closeness of cartographic symbols, will depend on the subjective impression, background,
and abilities of the observer.

More research is needed with a focus on the empirical evaluation of the comprehension and
usability of the existing symbology for crisis mapping. User-testing should include a heterogeneous
audience of crisis map users. Perceptual aspects of map symbology on the various background maps
(e.g. satellite and aerial imagery, topographic map, relief map, city map) should also be considered
to better understand all user aspects of cartographic symbology for crisis mapping and the factors
that influence them. Furthermore, eye-tracking methods can provide assistance for objective and
quantitative evidence in cognitive research on cartography [35,36]. By recording real-time fixation,
saccade, and duration data, and analyzing eye movement behavior they can provide more direct
suggestions to users’ visual cognition of crisis maps and help in developing improved methods for
crisis mapping.
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