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orientagdo e mobilidade em edificios
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Accessibility for people with disabilities is essential to ensure autonomy and inclusion.
Tactile maps play a fundamental role in orientation and mobility, allowing the
environment to be read through touch. However, the dispersion of guidelines and

the lack of standardization in their design can compromise the efficiency of this type
of assistive technology. In this sense, we carried out an Integrative Literature Review
to identify guidelines for the design of tactile maps for orientation and mobility in
buildings. The databases consulted were the capes Theses and Dissertations Catalog,
CAPES Periodicals Portal, Web of Science, Scopus and Scielo, resulting in the analysis of
34 documents. The results gathered guidelines on support, location of the map in the
building, reading position, map size, scale, symbols and characters, and legend, indicating
that standardized elements or more specific and experimentally validated guidelines
are necessary to ensure the usability of the maps.

A acessibilidade para pessoas com deficiéncia é essencial para garantir autonomia e
inclusdo. Os mapas tdteis desempenham um papel fundamental em orientagdo e mobilidade,
permitindo a leitura do ambiente por meio do tato. No entanto, a dispersdo de diretrizes
e a falta de padronizacdo em seu design podem comprometer a eficiéncia desse tipo de
tecnologia assistiva. Nesse sentido, realizamos uma revisao integrativa da literatura com
o objetivo de identificar diretrizes para o design de mapas tateis voltados a orientagdo

e mobilidade em edificios. As bases de dados consultadas foram o Catdlogo de Teses e
Dissertagbes da CAPES, o Portal de Periédicos da caPes, Web of Science, Scopus e SciELO,
resultando na andlise de 34 documentos. Os resultados reuniram diretrizes relacionadas
ao suporte, a localizagdo do mapa no edificio, a posigao de leitura, ao tamanho do mapa,
a escala, aos simbolos e caracteres e a legenda, indicando que elementos padronizados ou
diretrizes mais especificas e validadas experimentalmente sdo necessdrios para garantir
a usabilidade dos mapas.
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1 Search string: (“tactile map”) AND
(“orientation” or mobility”), with
no time restriction. The articles
were selected in three stages:

(1) reading of titles, (2) analysis
of abstracts, and (3) full reading of
the eligible texts.

1 Introduction

Inclusion and accessibility for people with disabilities have become
increasingly relevant issues in the global context where around 16% of

the world’s population have some type of disability (Funda¢io Oswaldo
Cruz [Oswaldo Cruz Foundation, Fiocruz], 2023). In Brazil, the number of
people with visual impairment, including total blindness and low vision,
reaches almost 7 million, according to the Brazilian Institute of Geography
and Statistics (Instituto Brasileiro de Geografia e Estatistica [1BGE], 2021).
This highlights the need to promote solutions that guarantee autonomy and
accessibility for this group.

Visual impairment directly impacts spatial perception and navigation
in space, requiring people to activate other senses to orient themselves
and move correctly (Gibson, 1966). In this context, tactile maps serve
as fundamental tools to visual impaired autonomy in navigating in space,
enabling spatial understanding through touch (Ungar, Blades, & Spencer,
1996; Tinti et al., 2018).

For a map to be effectively interpreted, the user must be able to read it
efficiently, (Bernardi, 2007). Papadopoulos et al. (2017) stress that despite
the advantages of using tactile maps for orientation and mobility, a series
of limitations have been pointed out in the literature, such as the amount of
information to be processed.

While basic guidelines for designing tactile maps exist (Lobben &
Lawrence, 2012), they are often vague. The absence of standardization
compromises the usability of these maps, contributing to communication
barriers (Almeida, 2022; Bernardi, 2007; Ferreira & Silva, 2014).

Thus, Information Design plays a crucial role in improving tactile maps.
Reuniting existing guidelines is necessary to understand how it is possible
to advance in designing information for tactile maps for mobility.

In this context, this article seeks to identify the main guidelines for
designing tactile maps for orientation and mobility in buildings, according
to the literature.

Methodological procedures

This study was conducted through an Integrative Literature Review, a method
that allows the synthesis of knowledge on a given topic, enabling a critical and
comprehensive analysis of existing publications (Whittemore & Knafl, 2005).
The search was conducted on the following databases:! capes Theses and
Dissertations Catalog, cAPEs Periodicals Portal, Web of Science, Scopus,
and Scielo. Other key references relevant to the study theme were included.
A total of 34 studies were included, which addresses the design of tactile
maps aimed at orientation and mobility, with an emphasis on primary and
experimental research. The exclusion criteria considered works that did
not directly address the proposed theme. The data analysis was performed
qualitatively, allowing the identification of guidelines, points of convergence
and divergence between the studies, and gaps in the literature on the topic.
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3.1

3.2

3.3

Results and discussion

Guidelines for designing tactile maps aimed at orientation and mobility in
buildings, summarized from the literature were structured into the following
topics: characteristics of map holders, reading position and location of the
map in the building, general size of the map, scale, symbols, embossed
letters, Braille and legend.

Characteristics of map holders

Tactile maps for orientation and mobility can be fixed or portable. This topic

deals with fixed maps, installed in internal or external strategic locations.

150 19028 (2016) recommends that maps on inclined floor stand map holders

be up to 60 cm by 100 cm wide, with at least 9o cm of free space from the floor

for access by people in wheelchairs. Those installed on the wall should have

the center line, preferably 140 cm from the floor and within 60 cm of height.
Regarding the material, glossy surfaces should be avoided to prevent

reflections and glare (150 19028, 2016). Matte finishes are recommended,

as they reduce unwanted effects of light and facilitate the sliding of fingers

during tactile reading (10 19028, 2016; Rowell & Ungar, 2003).

Reading position and location of the map in the building

The orientation of a fixed map must ensure that its directions correspond
to the real environment (Braille Authority of North America [BANA],
2022). It must include a tactile and visual identifier, such as “You are here,”
highlighted on the map.

150 19028 (2016) recommends that the indication of the current location
be aligned exactly with the directions and real position of the place where
the map is installed. In buildings with multiple floors, each map must
maintain the same position and orientation on all floors. The use of the
symbol (N) to indicate North is not mandatory, but recommended when
useful for orientation (1S0 19028, 2016).

150 19028 (2016) also stresses the importance of ensuring that people
with visual impairments can easily locate tactile maps in the building,
whether through tactile floors or audio guidance, or by installing them in
fixed locations near elevators and stairs, among others. NBR 9050 (ABNT,
2020) determines that accessible plans or maps be installed close to the main
entrance of the building or immediately after it.

General size of the map
The size of the map affects its readability and depends on the area represented,

level of detail, and purpose (BANA, 2022). For portable maps aimed at mobility,
it is recommended that their size be smaller than the span of two outstretched
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hands, facilitating tactile exploration with less effort (Edman, 1992). In this

context, Rowell & Ungar (2003) highlight that A4 and A3 formats are widely
used globally, as they allow efficient reading by providing a tactile frame of

reference, since the reader holds the map with their hands.

Tactile reading is similar to viewing through a small 1-cm hole, which
makes it difficult to relate distant points and reinforces the need to limit the
size of maps (The NSW Tactile and Bold Print Mapping Committee, 2006).
In the case of fixed maps, 150 19028 (2016) recommends that maps installed
on inclined floor stand holders be up to 60 cm x 100 cm wide, that is, the
map and legend have to fit within this dimension.

Scale

Scale defines the relationship between the dimensions of something real
and its representation. In tactile maps, the scale varies according to the
amount of information and the size of the symbols. Trevelyan (1980) notes
that, unlike visual maps, the scale in tactile maps can be adjusted to avoid
illegibility, increasing distances between symbols so that the reader can
distinguish them as separate.

Bentzen & Marston (2010) state that the scale in tactile maps does not
need to be consistent across all its parts to be effective, as they allow for
the simplification and displacement of elements. In addition, non-rounded
scales — such as 1:185 or 1:230 — are common, as the aim is to make the most
of the available space on a sheet (Wijckowska et al., 2012).

For most readers, the correct relationship between elements is more
important than the exact scale (BANA, 2022). Wiedel & Groves (1969)
suggest that linear scales can help in comparing distances, but may be
unnecessary at smaller scales. Distance measurement, done with a Braille
ruler, is considered an advanced resource (BANA, 2022).

Symbols

The information on a tactile map is expressed through a graphic system
composed of symbols, formed by points, lines, and areas. In addition to the
symbol typology (point, line or areal), these can vary depending on their
size, value, texture, color, orientation, and shape (Dent, 2009).

Point symbols are used to designate specific locations of objects, are
symbolic and do not necessarily indicate the shape or size of the object
(Edman, 1992). Line symbols, in turn, indicate the location and direction of an
element, and are composed of lines of different sizes and shapes (continuous,
dashed, double, and so on). Areal symbols represent textured areas on a
map, indicating the shape, size, and location of elements (Edman, 1992).

By relating these definitions to practical examples, we can visualize the
following on a tactile map: point symbols, such as the indication “You are
here”; line symbols, which can indicate the position of walls or paths; and
areal symbols, used to delimit areas of vegetation or other specific surfaces.
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3.5.1 Maximum number of distinct symbols on a map

3.5.2

3.5.3

According to Trevelyan (1980), the choice of symbols on a tactile

map is based on two main criteria: discriminability and discernibility.
Discriminability refers to the ease with which a symbol can be recognized
as distinct from another by touch, while discernibility is related to how
the design of a symbol facilitates the memorization of its meaning.

Thus, when selecting tactile symbols, it is essential to balance the
representation of different types of information with the reader’s ability
to recognize tactile patterns and memorize the meaning of each symbol
(Trinh; Manduchi, & Giudice, 2023).

There is no consensus in the literature on the ideal maximum number of
symbols on a tactile map. In their experiments, Gil & James (1973) found
that users could discriminate up to 13 point symbols and 10 line symbols,
and Nolan & Morris (1971) suggested a maximum of eight areal symbols on
a tactile map. Rowell & Ongar (2003) recommend including a maximum of
10 to 15 distinct symbols on a tactile map.

Even when all symbols are identifiable, too much information may hinder
usability (Berld & Murr, 1975), overloading memory and obscuring the most
relevant content.

Minimum distance between symbols

The minimum distance between two symbols on tactile maps have to be
greater than that required for visual perception, due to the characteristics of
tactile perception (Edman, 1992). According to the author, for two symbols
to be recognized tactilely, the distance between them have to be at least
3 mm, equivalent to the approximate distance between two Braille cells.
Klatzky & Lederman (2003) point out that, due to the limited resolution
of tactile detection, point symbols have to be separated by at least 2.4 mm.
Nolan & Morris (1971) recommend a minimum distance of 2.3 mm between
distinct symbols, to ensure their effective tactile differentiation.

Elevation (relief) of symbols

Maps that use point, line, and areal symbols with different relief levels
are more easily understood than those in which the relief is similar for all
symbol typologies. This is because tactile perception is highly sensitive to
differences in elevation (Edman, 1992).

It is recommended that areal symbols have the lowest elevation level, line
symbols a little higher level, and point symbols have the highest one (Edman,
1992). James (1982) established specific parameters for symbol elevation:
Braille (0.5 mm), areal symbols (0.5 to 1 mm), line symbols (1 mm), and
point symbols (1.5 mm). NBR 9050 (ABNT, 2020) suggests that texts in relief
and tactile symbols, regardless of typology, have an elevation of between
0.8 mm and 1.2 mm.
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150 19028 (2016) recommends higher elevation level for essential
elements, such as stairs, elevators and bathrooms, and that building entrances
and internal environments be highlighted and easily distinguishable.

Format of point symbols

Point symbols indicate the location of objects on tactile maps and may
include Braille characters and embossed letters, as appropriate. The main
recommendation is to prioritize simplicity, using basic geometric shapes,
such as circles, squares, or triangles (Bris, 2001; Polak & Olczyk, 2010;
ISO 24508, 2019).

According to Polak & Olczyk (2010), the most easily perceived point
symbols are those with a simple and unfilled outline. Eriksson, Jansson, &
Strucel (2003) recommend avoiding the use of symbols of the same format
in filled and outlined versions on the same map.

Bris (2001) suggests that independent point symbols be distinct from
those representing textured areas, even if they vary in size. 1s0 24508 (2019)
recommends that tactile symbols and characters be arranged vertically and
positioned close to the objects they represent, maintaining spatial consistency
on the map.

Size of point symbols

Point symbols must have dimensions suitable for fitting under the fingertips
of the reader, ensuring tactile recognition of the symbol as a distinct unit
(Edman, 1992). BANA (2022) recommends 6 mm, while 150 19028 (2019)
suggests 10 mm.

The differentiation between point symbols occurs through the variables
of shape, contour and elevation, and it is recommended to differentiate
between at least two of these variables (Edman, 1992). According to the
author, sharp edges are more noticeable and generate faster responses than
rounded edges. Jeohel (2007) indicates that elements with sharp edges
generate a faster neurophysiological response compared to smooth edges.
This effect can be used to improve the readability of tactile elements.

Regarding size, Jehoel (2007) found that symbols smaller than 3.9 mm
are difficult to perceive, while symbols larger than 7.1 mm do not improve
readability. For the author, the minimum size that provides reliable reading
is 4.7 mm.

To highlight symbols, Edman (1992) recommends at least a 3-mm
difference in height.

When symbols differ only in size or elevation, the difference between
them have to be at least 25% to ensure effective distinction (Pick, 1980).

Excessively figurative (and complex geometric) symbols should be
avoided (Edman, 1992). Simple shapes are preferred so that they can
be understood rapidly. Embossed letters or Braille characters can be used
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to facilitate association with the object represented, such as a cross to
symbolize a church or the letter “B” to indicate a Biology classroom.

Arrows

Arrows represent a type of symbol that is halfway between a point symbol
and a line symbol (Edman, 1992). Their applications include indicating the
slope of terrain, the direction of stairs (up or down), and signaling entrances
or exits in buildings or environments.

As for the format, the 150 19028 (2016) standard establishes that arrows
must be composed exclusively of a shaft and an arrowhead, the latter being
formed by a right angle of 902 However, a restrictive use of arrows is
recommended, as they can disorganize a map and confuse the reader if they
are not essential (Edman, 1992).

3.5.7 Line symbols

Line symbols indicate direction and location of elements on the map, without
representing actual width or height.

Nolan & Morris (1971) identified four characteristics that affect the
discriminability of a line symbol, which can vary in continuity (solid or
dotted/dashed), regularity (straight or wavy), complexity (single or double),
and thickness (thin or thick).

The choice of line type should consider its function: structural lines need
to be highlighted by thickness, texture or elevation, while information lines,
used to indicate distances and directions, are often dotted (Edman, 1992).
In addition, the simultaneous use of different types of lines in the same map
requires caution. Certain combinations can cause confusion, as in the case
of a single straight line and a double line with the same width and elevation.
Pick (1980) recommends differences of at least 25% in width or height.

Jehoel (2007) suggests that the maximum thickness of single lines
be 1.9 mm, given that higher values can be interpreted as double lines, and
that double lines have a minimum spacing of 1 mm. Bentzen & Marston
(2010) point out that single lines generate more precise mental images and
take up less space compared to double lines.

Dashed lines, composed of spaced segments, require specific care, since
the distance between the lines must be sufficient to differentiate between a
dashed line and a continuous line.

Edman (1992) suggests that lines be between 6 and 9 mm long, with
spacing equivalent to half the length of the line.

For a linear element to be distinguished, its minimum length must
be approximately 13 mm, since smaller representations can be confused
with point symbols (Loch, 2008). Nolan & Morris (1971) suggest that the
minimum recognizable line length should range from 12.7 mm to 25.4 mm,
although this rule does not apply to broken lines, such as dashed lines.
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As for the dotted line pattern, the dots should have a diameter larger than
2 mm or smaller than 0.7 mm to avoid confusion with the Braille standard
(The NSW Tactual and Bold Print Mapping Committee, 2006).

150 19028 (2016) recommends that the line width be approximately 10%
of the overall size of the symbol or character, within the functional range of
0.5 to 3 mm, ensuring legibility.

Areal symbols

Areal symbols are used to delimit regions on maps, representing their shape,
size, and location. Textures and patterns can be applied to different parts of
the map, although the dimensions and contours of these areas vary (Edman,
1992). These elements are essential for identifying the limits of an area,
facilitating tactile interpretation.

Edman (1992) highlights that rougher textures tend to stand out,
becoming more prominent in relation to other areas. The author also
suggests that the minimum size for textured areas is 13 mm.

According to The NSW Tactile and Bold Print Mapping Committee
(2006), symbols are characterized by three dimensions: style (geometry
of the elements), spacing (distance between the elements), and thickness
(width of the elements). Levi & Schiff (1966) point out that variations in
texture density are more noticeable than differences in shape or orientation,
making tactile distinction more efficient.

Embossed letters

The most effective capital letters for use in relief include A, B, C, E, F, H, I,
I,L,Q,P,R,S, T,U,Y and Z, according to a study by Schiff (1966), in which
14.2 mm characters were recognized with high accuracy. 1s0 24508 (2019)
recommends that the minimum size of tactile characters be 15 mm, while
NBR 9050 (ABNT, 2020) establishes a variation of 15 to 50 mm, requiring that
embossed texts be accompanied by Braille, ensuring accessibility.

1S0 24508 (2019) also suggests the use of simple characters, such as
Arabic numerals and basic Latin characters, advising against serif or script
fonts (cursive writing) due to the difficulty of tactile recognition.

Braille

Braille is a tactile writing and reading system with 63 symbols in relief
representing letters, numbers, and punctuation marks, which follows strict
standard of size to ensure legibility when included on maps (Edman, 1992).
Only a small portion of the visually impaired population understands
Braille, and its size requirements can limit the density and design of tactile
maps (Taylor et al., 2016). NBR 15599 (ABNT, 2008) emphasizes that not all
blind people use Braille, as some may not have the necessary tactile sensitivity.
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Table 1 Summary of guidelines.

According to 150 19028 (2016), Braille texts and characters in relief must
be presented horizontally and cannot be arranged diagonally, in a curved
or inverted format. To meet the needs of people with residual vision, the
recommendation is to use enlarged texts in black, and marks printed in
vibrant colors. In tactile maps structured in layers, such as those made with
transparent plates, the organization can be optimized by positioning the
Braille and tactile marks on the top layer, while the enlarged letters and
colored marks are on the bottom layer, improving accessibility.

Legend

Tactile maps usually include a legend that provides information about the
symbols represented accompanied by an explanation for each item listed.

The symbols are organized in a column on the left and their descriptions
in Braille in the column on the right, and the columns should be close
together for easy reading (Edman, 1992). The symbols for lines, points, and
areas appear at the beginning of the legend and should be represented on
the same scale used on the map (Edman, 1992). According to the author,
the lines should be at least 13 mm long, and the textured areas in boxes
measuring 13 x 13 mm, preferably larger.

The combinations of letters should be organized in alphabetical order and
the numbers in numerical order. If the map includes the symbol “You are
here,” it has to be positioned as the first item in the legend (Edman, 1992;
1SO 19028, 2016).

Summary

Table 1 presents a summary of the guidelines for designing tactile maps for
orientation and mobility.

Type of Media

Process stage

1. Map holder characteristic: defined by 1s0 19028 and NBR 9050 150 19028 (2016), NBR 9050 (2020)
2. Map size: map and legend must be contained on a holder no larger than 60 x 100 cm 150 19028 (2016)
3. Content: it must follow the principle of simplicity and present only essential information Edman (1992)

to fulfill its function

4. Scale: it varies, does not need to be known, and may present distorted proportions Trevelyan (1980),
for the allocation of symbols in a readable way Bentzen & Marston (2010)
5. Symbols

5.1 Types: linear, point and areal symbols

5.2 Maximum number on a map: 10 to 15 Rowell & Ungar (2003), Gil & James

(1973), Nolan & Morris (1971)
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Table 1 Summary of guidelines.

(continued)

Type of Media

Process stage

5.3 Minimum distance: 2.3 mm to 3 mm

Edman (1992), Nolan & Morris (1971)

5.4 Symbol height: Braille (0.5 mm), areal symbols (0.5 to 1 mm), line symbols (1 mm),
and point symbols (1.5 mm)

James (1982)

5.5 Minimum size of point symbols: 4.7 mm to 5.1 mm

Edman (1992), Jehoel (2007)

5.6 Format of point symbols: simple geometric shapes, Braille characters, and
embossed capital letters can also be included in this symbol typology

Edman (1992),
Bentzen & Marston (2010)

5.7 Minimum length of linear symbols: 12.7 mm to 25.4 mm

Edman (1992)

5.8 Minimum thickness of linear symbols: 0.5 mm to 3 mm

1S0 24508 (2019)

5.9 Variations of linear symbols: solid, dotted, and dashed. Single lines generate more
precise mental images compared to double lines

Edman (1992),
Bentzen & Marston (2010)

5.10 Minimum size of areal symbols: 13 mm

Edman (1992)

5.11 For variations in areal symbols, the geometry, spacing, and thickness of the
elements can be differentiated

Levi & Schiff (1966)

6. Use of letters: most commonly used capital letters
inrelief: A,B,C,E,F,H,1,J,L,Q,P,R,S, T,U, Y and Z. Use of sans serif fonts.
Minimum height of tactile characters: 15 mm

Schiff (1966), 1s0 24508 (2019),
NBR 9050 (2020)

7. Use of Braille: Including Braille on maps requires adequate space to accommodate
the symbols legibly

Edman (1992)

8. Legend: must contain the information present on the map: symbols (point, linear

Edman (1992)

and areal), as well as possible combinations of letters and numbers, accompanied by
an explanation for each item listed

4 Conclusions and final considerations

The search for effective standardization of tactile maps for orientation and
mobility in buildings still faces challenges, despite the advances made

and initiatives developed over the last few decades. Whether in relation to
the symbology or the materials used in their production, standardization
requires the unification of principles that ensure consistency and quality,
regardless of their designer.

Although there are national and international guidelines, such as 1so
standards and regional standards adopted by different countries, the lack
of a global consensus still limits the dissemination and application of
these standards. The dispersion of initiatives, the diversity of materials
and techniques used and language barriers are factors that hinder the
consolidation of a standardized model. The literature indicates that the
unification of principles and the adoption of parameterized design rules can
contribute to improving the quality and accessibility of tactile maps.

However, for effective standardization advancement, it is essential to
validate the proposed standards through direct experimentation with the
target audience, ensuring that the tactile maps meet the real needs of users.
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