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ABSTRACT

The present paper examines how integrating cognitive and organizational informa-
tion design skills can support the inclusive design of maps. The contribution describes
the results of the research project Quartieri Sani HUB for defining two “health maps”
through a critical literature review of the disciplines’ tools, case study research,
and design assessment. The research aims to improve the understanding, usability,
and readability of the “health map” data as a tool for citizens to orient and choose
healthy routes, places, and activities that can be used within the reference case study
neighbourhood. The article, therefore, systematizes the process and related research
activities useful for defining the communicative artifact, defines new directions of
investigation for developing the design practice of inclusive maps design, and pro-
poses innovative processes for the inclusive design and validation of colour systems
of maps.

Keywords: Universal design, Information design, Urban maps, Colour design, Map design,
Product usability

INTRODUCTION

The research unfolds starting from the research project “Quartieri Sani HUB”
(QSH), which addresses the theme of healthy cities, at the neighbourhood
scale, and the relationship between the built environment and health to pro-
mote healthy lifestyles and develop inclusive contexts (Setola et al., 2023).
The project aims to define design scenarios and strategic factors to improve
the physical-environmental conditions of public space through the “research-
action” methodological approach in two representative case studies. In the
field analysis phase, the potentials and opportunities offered by the built
environment in promoting health were highlighted. The results obtained sup-
port the development of an information tool and indicate how to benefit
the neighbourhood and its associated healthy services. Through a systemic
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vision, therefore, the research team identified the “health map” as a com-
municative artifact capable of producing knowledge and awareness-raising
impact on the area and citizens about the project’s themes. This contribution
outlines the results of the “health maps”, i.e. two information tools aimed
at citizens for orientation and healthy paths, places, and activities selection
within the two reference case studies. The research objective is to optimize the
data’s understanding, usability, and readability. The research activity aims at
designing clear, readable, accessible, and usable data for a broad target audi-
ence. Therefore, the research questions are: i) what are the appropriate map
design components leading to an effective improvement in information com-
prehension and reducing user response times during interaction; ii) what are
the corresponding design principles applicable to map design; iii) what are
the main tools for selecting and encoding information in the development
of design outputs, iv) how does the use of colour impact on inclusive read-
ability. In the ‘methodology’ section, the article describes the activities and
the role design plays in an interdisciplinary research context, through the fol-
lowing development phases: i) critical literature reviews; ii) evaluation of best
practices; iii) preliminary prototyping of “health maps”; and iv) iteration of
the prototyping phase. What emerges is the ability of the design discipline
to enrich the user experience, reflecting a collaborative research experience
between various disciplines of representation, communication design, and
colour.

DESIGN PRINCIPLES AND THEORIES SUPPORTING THE HEALTHY
MAPS DESIGN

Maps can be defined as examples of systematic visualization of a complex
system (Black et al., 2016). The information design discipline supports the
readability of the communicative product, and structures, and organizes
informational elements to guide the user in encoding the data (Bonsiepe,
1999). The integration of the cognitive and organizational competencies of
information design, within the scope of inclusive map design, is consistent
with accessibility goals, user-friendliness, and usability in this research. Dur-
ing the critical reviewing process of the literature tools, the disciplines of
wayfinding design and colour design theories and principles were related to
the previously introduced disciplines. The critical literature review is, there-
fore, divided into two macro-themes of interest: i) the principles underlying
the development of a coordinated pedestrian wayfinding system; and ii) the
principles of colour design and colour theories applicable to map design. This
first phase of the process led the research team to relate the disciplines of
information design and map design, producing the prerequisites for theoreti-
cal verification, prototyping of communicative artifacts, and map validation.
Then, the testing phase was organized as follows: an interdisciplinary work-
shop and the use of online software, able to recreate visual impairments.
The first macro-theme of interest was extensively explored by Tim Fend-
ley in 2009 as part of a study on wayfinding, entitled ‘Legible London’,
commissioned by the Central London Partnership. In the definition of the
design solutions, carried out by the Applied Information Group, 9 principles
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were identified to support the design and planning of the information system
concerning the city of London. The selection of usable routes, places, and
activities for map design follows the principles of i) seamless travel, whereby
information should be provided cohesively with and in correspondence to
the main known local areas/points; ii) predictable; iii) inclusive; iv) human
scale, whereby it is appropriate to identify and communicate the travel time
of routes, making them perceptively walkable, and making strong connec-
tions with local areas; v) naming of parts, to highlight key known places;
vi) progressive information, i.e. connecting each point of interest to the next,
integrating transport systems; vii) ‘don’t make me think’, i.e. creating an intu-
itive system recognizable through symbols; viii) parsimony, i.e. providing a
clear guide to roads; and ix) ‘help me to learn’ (Fendley, 2009). The fifth
design principle of wayfinding systems emphasizes the importance of indi-
cating the names of major places of interest or road junctions to improve
reading and orientation within the built environment. Evaluation and font
selection, therefore, appear to be strategic elements. Black et al. (2017) sug-
gest a relatively simple and familiar alphanumeric script and the design of a
colour background according to high contrast with the chosen font. The sev-
enth design principle introduces the concept of encoding information through
symbols. The interpretation of map data can be more effective, in terms
of accuracy and speed of response, through the appropriate design, cod-
ing, and categorization of icons and colour (Karrmann et al., 2018). The
diversification of symbols through colour, the absence of similar visual and
representational stimuli, and the simplification of figures (Koutsourelakis
et al., 2010; Karrmann et al., 2018) may compete to optimize the reading of
map information. Finally, the relation between the built environment and the
visual representation of maps is another element that supports the recognis-
ability of places. Fendley (2009) suggests increasing the attractiveness of place
information by three-dimensionalizing the main places of interest. The first
research question led to the identification of visual separations, i.e. design
elements, reducing the amount of sequential processing and improving the
understanding of information. These graphic components can support the
intended image, information, and message if appropriately organized and
numbered (Jaenichen, 2011). The elements allowing the map to be divided
into layers of information are scale, colour, icons and symbols, tonal values,
typography, textures, shapes, composition, lines and map orientation, fore-
ground, and background (Black et al., 2017; Fendley, 2009; Jaenichen, 2011;
Karrmann et al., 2018; Luna et al., 2017; Wang et al., 2022; Weninger, 2014).
Concerning the second macro-theme of interest, Wang et al. (2022) state that
colour is the main tool that attracts, directs attention to, and facilitates user
interpretation of a map’s points of interest. Based on the principles of colour
design and colour theories applicable to map design, the maps colour sys-
tem should follow the below characteristics to improve the readability of
information: colouring by path (Loyd et al., 2018), strong contrasts between
neighbouring colours (Brychtova & Coltekin, 2016), colour harmony to
improve visual comfort (Liu & Lin, 2009; Ou, 2016) and different shades
with similar brightness values (Brewer, 1994). The application of colour to
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transit or pedestrian route lines generally indicates single-variable data pat-
terns. Brewer’s (1994) research shows that single-variable information can be
visualized following four basic colour schemes: qualitative, binary, sequen-
tial, and divergent. The design of colour palettes for maps can be supported
by a variety of tools, such as CARTOcolors, Colorpicker for data, Data
Colour Picker, Picular or Colour Palette Generator (Coalter, 2020). The most
accurate colour selection tool is ColorBrewer2.0: Colour advice for cartogra-
phy (2022), developed within The Pennsylvania State University by Cynthia
Brewer and Mark Harrower, as it defines colour palettes through context,
background, number of data, colour scheme and level of usability. The lat-
ter point has been delved into three visualization options - colourblind safe,
print-friendly, and photocopy safe. To support users with visual impairments,
the research team investigated the method for adjusting colour hue, satura-
tion, and brightness - H: £5%, S: £15%, and L: £20% - Wang et al. (2022),
which increases contrast and supports the differentiation of selected colours.
During the colour validation phases, two online colourblindness simulation
tools were selected: i) “Coloring for Colorblindness”, developed by Nichols
(no date), for evaluating the identified colour system, and ii) the Vision simu-
lation tool of the Impairment simulator software, developed by the University
of Cambridge (Goodman-Deane et al., 2007; Inclusive design toolkit, no
date) for validating the final “health map”.

METHODOLOGICAL APPROACH

The preceding section initiates a critical examination of principles, theories,
and tools present in literature, classifying them concerning their applica-
bility to “health map” design. The research strategy is “research through
design” and aims to produce knowledge to guide information design prac-
tice in defining “health maps”. The research design process is divided into 4
stages of development: i) the critical literature review, to define the prelimi-
nary research tasks to be addressed to achieve the research objective; ii) the
evaluation of best practices, to tackle the specified tasks; iii) the preliminary
prototyping of the two healthy maps; and iv) the iteration of the prototyping
phase. The research objective is to define two comprehensible, usable, and
readable “health maps” as a tool for citizens to orientate and choose healthy
routes, places, and activities within the neighbourhood. The research has
been organized into 3 work packages (WPs), aligning with 3 specific research
objectives, and encompassed a total of 11 research tasks (see Fig. 1, 2, 3).
The critical literature review on the design principles for defining coordi-
nated wayfinding pedestrian systems set the basis for identifying the research
tasks, selecting tools and methods to be employed, and delineating the design
actions to be undertaken. The methods applied are interdisciplinary envi-
ronmental surveys (Hanington & Martin, 2019), thematic content analysis
(Ayres, 2008), case study research (Yin, 2018), Colorbrewer2.0 tool, Wang
et al. (2022) method, “Coloring for Colorblindness” tool, interdisciplinary
workshops with experts and the Impairment simulator software. The WP1
involved a total of 14 field surveys within the two case studies. These were
carried out by 9 expert researchers over 12 months - from June 2022 to
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May 2023. Each healthy neighbourhood place or service was categorized
according to QSH conceptual framework (Setola et al., 2023). The data
are represented and visualized through Google’s open-source support “My
Maps” (Quartieri Sani HUB, 2024). The last research task involved case study
research, whereby 4 inspiring best practices were selected for the identifi-
cation of the main hub for healthy activities and services promotion. The
WP2 involved the colour systems design through a process characterized by
the orderly and iterative use of three tools: Colorbrewer2.0, the Wang et al.
(2022) method, and “Coloring for Colorblindness”. The first research task
concerned the selection of colour through the ‘ColorBrewer’ tool, the selec-
tion of ‘print-friendly’ and ‘colourblind safe’ filters. The latter did not lead to
the desired result, due to the amount of one-variable data identified. There-
fore, an alternative method was applied to facilitate the readability of the
colour system even for those suffering from colour blindness (deuteranopia,
protanopia, and tritanopia). For each colour, hue, saturation, and brightness
were recalibrated according to H: 5%, S: +15%, and L: £20% (Wang et al.,
2022). Finally, the third step consisted of colour validation using the online
software ‘Coloring for Colorblindness’.

“ Define healthy pedestrian paths.
Design Research i Description of research tasks Tools employed Design actions
principles Task

i v T1.1 Establish strong Interdisciplinary environmental Identification of locations for promoting
principles connections among places ! field inspections. healthy activities and services.

of interest, meeting points,
and social gathering areas.

i T.2 Establish strong Interdisciplinary environmental Identification of bus and tram stops,

principle connections with field inspections. electric vehicle charging points, and bike
transportation services. sharing/parking locations.

Vil T1.3 Categorize and organize Thematic content analysis. Division of map features into "healthy

principle information into layers. places" and "healthy services".

My maps - Google.

ii; vii T1.4 Correlate the physical Case study research. Identification of the main hub for
principles characteristics of the built promoting healthy activities and
environment with visual services.

elements on the map.

Synthesis of the emerged Definition of four healthy pedestrian
results. paths.

Figure 1: WP1. Description of research tasks, tools employed, and design actions that
fulfill the first specific research objective.

Subsequent research activities involved case study research, for which
8 inspirational best practices were selected to 1) define the background colour
palette; ii) develop the map base; iii) evaluate and select the font; iv) define
visual elements to support the attractiveness and walkability of places; and
v) diversify information features to ease the reading. The WP3 included 2
interdisciplinary workshop sessions with 12 expert researchers, familiar with
the research project and came from the fields of urban planning, architec-
tural technology, design, and landscape architecture. These researchers also
assumed the role of users within the project. Following this research activity,
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it was planned to use the Impairment Simulator Software to simulate dif-
ferent visual impairment conditions, such as macular degeneration, diabetic
retinopathy, glaucoma, retinitis pigmentosa, colour blindness, and cataracts.
The next three sections will introduce the outputs and intermediate results
from the three WPs - described in Fig. 1, 2, 3.

m Define two health maps.

Design Research { Description of research tasks Tools employed Design actions
principles Task
iii; v T21 Make information accessible Colorbrewer2.0 tool Definition of a colour palette for healthy
principles to a broad range of users, pedestrian paths that supports the
even by creating a high Metodo Wang et al. (2022). display and differentiation of the selected
contrast compared to the colors.
background.
Coloring for Colorblindness Definition of background color palettes
tool. that contrast with the rest of the
information.
Case study research.
vili T22 Provide a clear guide to the Case study research. Definition of the foundation for health
principle roads. maps: San Frediano-Pignone and Nave
a Brozzi-Le Piagge-Nave a Petriolo.
v T2.3 Evaluate and select the font, Case study research. Selection of the font family and definition
principle creating a high contrast with of the font color palette with the
the background. background color palette.
iv T24 Enhance the accessibility and ; Case study research. Definition of the walking time/meters of
principle practicability of the locations. the healthy pedestrian paths.
vii T2.5 Facilitate the encoding of Case study research. Three-dimensional rendering of the main
principle information. hub for promoting healthy activities and
services - Casa della Comunita.
Definition of icons related to "healthy
places” and "healthy services" features.

Synthesis of the emerged
results.

Definition and prototyping of two
health maps that are clear, readable,
accessible, and usable by a broad
target audience.

Figure 2: WP3. Description of research tasks, tools employed, and design actions that
fulfill the third specific research objective.

Validation of two health maps.

Design Research ; Description of research tasks Tools employed Design actions

principles Task

iii T34 Validation of the outputs Interdisciplinary workshops with Iteration of the prototyping phase.
principle with expert users. experts.

iii T3.2 Validation of the outputs Impairment Simulator Software Iteration of the prototyping phase
principle through the use of software

Synthesis of the emerged
results.

Validation of two health maps usable
by a broad target audience.

Figure 3: WP2. Description of research tasks, tools employed, and design actions that
fulfil the second specific research objective.
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RESULTS

WP1 Results

The WP1 set the basis for the visualisation and definition of four healthy
pedestrian paths, concerning the opportunities the case studies offer in pro-
ducing health. It addresses the first, the second, the fourth, the sixth, and the
seventh principle for the development of a coordinated pedestrian wayfind-
ing system. During the interdisciplinary environmental field survey, data were
collected and evaluated on the urban environment, landscape, human activ-
ities within the neighbourhood, personal and mobility services, the presence
of associations and communities, as well as the presence of challenges and
potentials. The development of the first three research activities led to the
thematic categorization of the healthy map data into 2 layers of informa-
tion, ordered according to the QSH conceptual framework (Setola et al.,
2023). The first is ‘healthy places’, subdivided in turn into i) ‘sporting places’,
which group fitness areas, sports facilities, and sports venues; ii) ‘interac-
tive places’, which group playground areas, interactive and relational areas,
and commercial activities of the neighbourhood; iii) ‘relaxing places’, which
group relaxing areas, spaces characterised by the presence of natural and sen-
sory stimuli, and quiet streets; and iv) ‘pet-friendly places’, which group dog
areas. The second layer of information is ‘healthy services’, which includes:
waste sorting, drinking fountains, places where food and drinks are sold or
collected, electric vehicle charging points, points for bike sharing or bike
parking, bus stops, tramway stops, and the railway station (see Fig. 6). The
clustering of information allowed for clear visualisation of data. Based on
the requirements of the first research tasks, the healthy pedestrian paths were
defined for creating accessible and active connections between the “healthy
places”, the “healthy services” of transport, and the main hub for promoting
healthy activities and services. The integration of the health services presid-
ium within the healthy pedestrian paths supports the recognisability of the
places and greater legibility by the citizen, who more easily relates visual
map elements with the physical characteristics of the built environment.
The synthesis of the emerging results defined four healthy pedestrian paths:
i) “active paths”; ii) “interactive and relational paths”; iii) “senses paths”;
and iv) “parkland paths” (see Fig. 4).

Selected palette | Healthy pedestrian paths Text specifications
'#SFSDA6 | HEBG4IB #FOAFAB  #C2D29D | | Helvelica Neue LT Pro-85 Heavy | Fontsize: 13pt |
i Active paths Interactive and ! Senses paths ¢ Parkland paths ! Walking time/metres labels i

relational paths e :
£0630m|15min ' 1750 m | 45 min !

| 5515 min ¥ sqomiomin ]

Figure 4: Healthy pedestrian paths colour system (left) and specific text indications for
displaying travel times related to the paths (right).
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Selected palette | Background Text specifications

i 5434343 #5D5C5B i g7C7C7D i | Helvetica Neue LT Pro - 75 Bold
: H 5 Font size 42 pt | Transparency 60%
: | Background area : Road base area i Tram line District label

B i Pignone

della Salute

vetica Neue LT Pro - 75 Bold

#créc4cgr o ; #f#gﬂéb - ‘_V#VBCBEDEV 7 : )  Helvetica Neus LT Pro - 65 Medium |

H H Font size 44 pt | T 100% :
: | Sidewalk area Parkland area i ! River area Font s in | Transparency

Hagee, : adium :
] - i 1 B SEE

Figure 5: Background colour system (left) and specific text indications for reading
(right).

Healthy places { Healthy services

@

Figure 6: Three-dimensional rendering of the community house (left) and related icons.

WP2 Results

The WP2 set the basis for defining and prototyping two “health maps” on
the reference case studies of the QSH project. It addresses the third, fourth,
fifth, seventh, and eighth principles for the development of a coordinated
pedestrian wayfinding system. After defining strong connections between
healthy places and services, the colour systems were defined (see Fig. 4).
Based on the principles of colour design and colour theories applicable to
map design (Brewer, 1994), two strongly contrasting (Brychtova & Coltekin,
2016), colour-harmonious (Liu & Lin, 2009; Ou, 2016), with different hues
and similar brightness values (Brewer, 1994) colour palette were designed
to improve the readability of the healthy route information of the “health
maps”. The healthy pedestrian paths indicate data to a variable, presented
through the qualitative colour scheme (Brewer, 1994; Lloyd et al., 2018). The
final output includes the development of a palette consisting of 4 colours, one
for each healthy pedestrian path. The research team adapted some informa-
tion regarding meters and travel times for each path (see Fig. 4). The same
process of defining paths’ colour palettes was applied to the development of
the background colour system. The preparation of two-colour schemes was
further compared using the “Coloring for Colorblindness” tool, assessing the
readability and contrast of the set of 10 colours. After validating the inclu-
sive readability of the combination of the two-colour palettes, a case study
research was conducted, guiding 5 design actions. Firstly, map bases were
defined, focusing on the geometrization of the roads, not as rigid as the rep-
resentation of mass transportation systems, and the elimination of scale detail
to make the paths clear and visible (see Fig. 6). The second, third, and fourth
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design actions were supported by the case study research and included, in
order: the selection of the font family (see Fig. 4, 5); the three-dimensional
rendering of the Community House (see Fig. 6); and the development of sym-
bols differentiating from each other through colour, identifying to which map
features they are related (see Fig. 6).

WP3 Results

The WP3 led to the iteration and inclusive validation of the two “health
maps”. It addresses the third principle for the development of a coordi-
nated pedestrian wayfinding system. The encoding of information into layers,
colour, and icon design were iterated during the last two research activities.
The result of the laboratory activities led to an important iterative phase con-
cerning the differentiation and increase of contrast between the two green
colours in the maps; the elimination of green colour on non-accessible green-
ery areas to make visualisation more effective and speed up response times,
especially in the heart of the map, where the most information converges;
the scale reduction of one of the two maps to include both riverbanks of the
Arno River and improve the recognisability of the map visual elements; and
the new layout of the legends.

Further evaluation of the work, through Impairment Simulator Software,
led to the implementation of the two “health maps” (Fig. 7) and the planning
of future research activities concerning the validation of the outputs with the
citizens of the case-study neighbourhood.

Figure 7: Detailed framing of the two “health maps”

CONCLUSION

The research presented here has the ambition to increase knowledge and
guide the development of design practice for inclusive maps. With a “research
through design” approach, the research process has experimented with new
directions of investigation for the design of inclusive “health maps”, i.e.
maps that promote orientation, connection, and use of services, and poles for
promoting healthy neighbourhood activities and the main places of interest
in the relevant built environment.
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The set of results obtained lays the basis for informing the “research for
design” strategy and providing new knowledge for information design prac-
tice, through i) the definition of the process and specific research activities to
be carried out for the design of inclusive “health maps” for citizens; ii) the
identification and categorization of project actions, whose outputs constitute
the set of visual elements of the information product; iii) a good practice to
understand how to use the conceptual framework of the QSH project, to
define health maps for future healthy neighbourhoods; iv) the identification
of a set of inspiring best practices capable to foster the designer’s creative
process; v) a good practice of categorizing and creating connections between
services and healthy activities in the neighbourhood; vi) defining a process
and steps for developing inclusive colour schemes for maps, involving the
orderly and iterative use of Colorbrewer2. 0, Wang et al. (2022) and the
“Coloring for Colorblindness” tools; vi) the validation and evaluation pro-
cess aimed at visual inclusiveness goals, which involves the integrated use of
interdisciplinary workshops and Impairment Simulation Software.

The results therefore provide significant contributions to the information
design practice, but some limitations are recognized that may influence the
interpretation of the results. The QSH research group, therefore, is creat-
ing the conditions for further and forthcoming activities to validate the two
“health maps” through focus groups and usability tests with end users, i.e.
citizens of the two case studies.
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