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Abstract. Tactile maps are feasible to increase the mobility of people
with blindness and to achieve spatial information of unknown environ-
ments. Exploring tactile maps could be a hard task. Research on the de-
sign of tactile maps, especially the design and meaningfulness of tactile
symbols, mostly addresses outdoor environments. The design of tactile
indoor maps has been studied less frequently, although they differ signif-
icantly from outdoor environments. Therefore, in this paper, 58 tactile
indoor maps have been investigated in terms of the design of the headline,
additional map information, legend, walls and information presentation
types used. In addition, the design of common objects for indoor envi-
ronments, such as doors, entrances and exits, toilets, stairs and elevators,
has been examined in more detail and commonly used symbols have been
extracted. These findings form the basis for further user studies to gain
insights into the effective design of indoor maps.

Keywords: tactile indoor map design · accessible building maps · people
with blindness and visual impairments

1 Introduction

The ability to travel is an essential requirement not only for the equal partic-
ipation of people with impairments in social life, but also in many professional
areas. Whether attending workshops, training sessions, networking meetings or
conferences - many professions require independent mobility in unfamiliar out-
door and indoor environments. For people with blindness (PB) it is challenging
to orient and navigate themselves especially in unknown environments. Tactile
mobility and orientation maps are feasible to explore unknown areas and in-
formation points as well as to acquire different type of knowledge (landmarks,
routes, configurations) [4] and thus support increasing mobility for PB. Tactile
maps (TM) consist of raised lines, symbols and textures and can be perceived
sequentially by touch. However, reading tactile maps (TM) is a hard task which
is why they should be well-designed in regard to the specific requirements of the
tactile sense. This requires at least enlargement of symbols and textures as well
as the use of Braille letters. Consequently, generalization is an important aspect
for the design of TM which implies not least a decision about which details are
shown at a specific scale [19]. Still, the usefulness of TM has been shown in
prior research. Furthermore, several studies investigated the design of TM (e.g.
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[8,16,10] that highly influences the readability. However, TM for outdoor envi-
ronments are mostly considered, only a few studies have been conducted on the
design of TM for indoor environments (e.g. [19,17]) although indoor and outdoor
environments differ significantly. Indoor maps of buildings are more complex
than outdoor representations and include multiple levels. They are primarily
large-scaled indoor maps, showing more details than outdoor and geographical
maps. Well-designed tactile maps are also needed for the development of effec-
tive audio-tactile applications.
In conclusion, more detailed research on effective design of tactile indoor maps is
needed to increase the mobility of PB, even within unfamiliar buildings. There-
fore, as a first step in our development process, we investigated existing tactile
indoor maps in terms of the applied design. The goal of the analysis was to iden-
tify different design characteristics as well as repeating design elements, thus
deriving first insights into the design of tactile indoor maps and generating re-
search questions for upcoming user studies.

2 Research on Tactile Maps

The design of TM is influenced by many factors, e.g. the production method
[4], the function of the map, the context of use [9] or the experiences and abilities
of the user. In order to be able to decrease the amount of data on maps, in recent
years, lots of research have been done developing interactive TM for PB (e.g.
[6,3,2]). Effective interactive TM require effective tactile map design. For this
reason, a number of studies have examined specific design aspects. First, general
guidelines for tactile graphics (e.g. [1,15]) recommending minimal distances and
sizes, can be applied. However, these guidelines are not sufficient and do not
address specific aspects of indoor maps. Although there is no common standard
for the use of symbols [11], much research focused on the distinguishability and
design of symbols (e.g. [7,11]). Rowell et al. [16] use interviews to investigate
which properties are important when designing symbols. The authors identified
texture, spacing, type, shape, size, elevation and standardisation as key factors.
Other researchers examine the meaningfulness of symbols in maps (e.g. [9,10]).
Lambert et al. [9] found out that meaningful symbols are better remembered.
According to the authors, the physical characteristics of symbols should help to
understand their meaning. Lee et al. [10] investigated the usefulness of visual
symbols, collected from visual maps, for use in TM. There is no discussion of
how useful it is to assign further meaning to the symbols, for example, the ori-
entation of the symbols. Only Lobben et al. [11] introduce modifiers paired with
symbols to expand their meaning (e.g. a triangle to indicate elevation changes).
Additionally, a number of papers dealt with increasing availability of TM by
proposing an automated creation process (e.g. [18,20,21]).
However, the majority of previous research focused on spatial maps with streets
and buildings [3] so their findings can usually be applied specifically to out-
door environments. The orientation strategies, structure, objects, scale and in-
formation needs for indoor and outdoor environments differ greatly, so specific
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research is needed for indoor environments [12]. Some approaches already exist
that address information needs for orientation in buildings as well as orienta-
tion strategies. Rowell et al. [17] investigate in interviews with PB to find out
preferences of different map features, characteristics and which types of infor-
mation to include on a mobility map. The authors point out the usefulness of
indoor maps and large scale mapping for mobility purposes. In a recent survey
with 106 participants with blindness and visual impairments we investigated
[5] the information need in indoor environments, applied orientation strategies,
important orientation features and as well specific challenges arising in indoor
environments. The study shows the lack of availability of tactile indoor maps,
which is due in part to the fact that building data is often not freely available
[19]. Till now, it is unclear which information should be included in tactile indoor
maps and how to represent the information effectively and highly readable for
different purposes. Furthermore, existing studies evaluating the effectiveness of
maps often used highly simplified maps without much details (e.g. [4]).
In summary, most of the specific research on design of TM is almost limited
to outdoor environments and cannot directly be transferred to indoor environ-
ments. Effective design implies the use of meaningful design elements, especially
symbols, which must be considered for indoor maps to provide effective design.
In addition, the context of use is clearly relevant for the design [14] so it is needed
to evaluate symbols and other design characteristics in context of the map [9].

3 Analysing the Design of Tactile Indoor Maps

Due to the lack of studies on specific design aspects for indoor maps, we
started our research by analyzing existing indoor maps in terms of design. There-
fore, only a few examples of tactile indoor maps are available, which is why we
analyzed examples from practice, and extracted the symbols and design ap-
proaches used for further user studies.

3.1 Methods and Materials

In total, we collected 58 photos of different tactile indoor maps. As mentioned
before, only a few research examples (e.g. [13]) of tactile indoor maps could be
used as a basis for the design analysis. Nevertheless, a number of companies pro-
duce commercially tactile indoor maps as part of building guidance systems 1.
Many of them reference their projects and the maps created on their websites.
Some of these maps were used for the analysis, retrieved from the websites of 12
companies. Three maps come from publications and research projects, four maps
have been photographed by ourselves directly in a building, six were provided
on the website of a library for the blind (DZB)2 and few maps were provided
by building websites (e.g. website of a university). Due to the corona crisis, it

1 e.g. www.schilder-systeme.com, https://www.mdsignworx.at, www.meng.de or
www.ilis-leitsysteme.de (last visited: 09. June 21)

2 https://www.dzblesen.de/index.php?site_id=4.2 (last visited: 09. June 21)

www.schilder-systeme.com
https://www.mdsignworx.at
www.meng.de
www.ilis-leitsysteme.de
https://www.dzblesen.de/index.php?site_id=4.2
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was not possible to visit various buildings to search for building maps, so these
could only be obtained online. For this reason, we have no further information
about most of the maps (e.g. about the expertise of the creators, feedback from
users, quality of the maps, exact size, etc.).
The majority of analyzed TM are large UV prints (64 %) that have been set
up or hung to a fixed position (74%) in a building for visitors. The physical
size of the maps can only be estimated, some companies indicated page lengths
of at least 60 cm. Besides using UV printing, 10% of the maps were produced
with swellpaper and 12% as foil reliefs. A minority consists of metal or a plastic
composition. About 22 % are suitable for the mobile use (maximum size of A3).
Furthermore, almost all maps (except three) support both - visual and tactile
objects and letters and are therefore feasible for people with and without sights.
One map provides further information by adding QR-codes to points-of-interest
that can be scanned by mobile devices. The maps come from 11 different coun-
tries, with the majority from Germany (60 %) and 17 % from Sweden and just
few maps from China. Only one example is represented from each of the other
countries (e.g. Great Britain, Czech Republic, Switzerland, USA).

First, we analyzed related work and extracted basic building features that are
important for orientation and may be relevant for indoor maps. On that basis,
we defined categories that are relevant for indoor map design. We then analyzed
the retrieved indoor maps manually in regard to the defined attributes. If maps
contain relevant properties that were not previously considered, this category
was added and all other maps were also examined in this regard. A descriptive
analysis has been applied on the results, followed by an extraction of outlying
features and symbols.

4 Results of the Design Analysis

We examined the design with regard to design of symbols, textures, lines, leg-
end as well as Braille labels. We paid particular attention to the different design
characteristics as well as the common features and differences of the maps. The
majority of maps were made for public buildings, with the exception of shop-
ping centers and hotels. Most indoor maps were made for museums or theaters as
well as universities (26 %). About 10 % also represent sports or swimming halls.
Building types that are typically frequently visited by people with disabilities,
such as health centers or train stations, are less frequently represented. However,
it cannot be assumed that the frequency with which building types are repre-
sented in the sample reflects the population of available TM. It is also possible
that additional indoor maps are not publicly available.
Headline. The headline of a map is very important for orientation and under-
standing the map’s content. Most maps provide a headline, at least representing
the building name or the name or number of the most common level (see Ta-
ble 1). 25 % of the analyzed maps provide the type of the map (e.g. orientation
or evacuation plan). A description of the shown area is given for 12 % of the
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Table 1. The first value column shows the percentage of maps containing basic el-
ements like Headline, Legend, Walls, Symbols etc. The second column contains ad-
ditional characteristics that frequently occur in relation to the first column values
(average value calculation without 0).

Available Frequent Characteristics

Headline 81% Building name (50%), level number (45%)

Legend 88% Position above map (31%)

Walls 95% all walls same width (57%)

Symbols 95% 6 per map in average (SD= 3.3)

Textures 59% 3.1 per map in average (SD=2.6)

Line Styles 98% 1.6 per map in average (SD= 0.6)

Labels 54% 6 per map in average (5.1)

Keys 40% 8.2 per map in average (SD= 6.9)

Doors 86% gap in the wall (76%)

Entries/ Exits 81% shown as symbol (76%)

Elevator 66% shown as symbol (62%)

Stairs 83% shown as symbol (79%)

Toilets 76% shown as symbol (43%), indicators for gender (64%)

Location 65% shown as symbol (65%)

TM (e.g. exhibit name, building wing). 25 % of the headlines provide multiple
information types (e.g. building name and level name).
Further Information. Overall, most maps do not include further information

about the map. In particular, no map makes use of a grid for orientation, just
five maps provide a visual or labelled marker for scale and four present a marker
to indicate north direction. Only two maps support a schematic overview speci-
fying the location of the map shown in the building.
Legend. The majority of maps comes with a legend, that is most often placed
directly above the map and quite often on the right side (26 %), followed by the
left side (21 %). Two maps (handheld ones) provide the legend on a separated
sheet. The design of the legend is mostly similar, with a reference on the left
(e.g. key, texture, symbol used in the map) and an explanation on the right.
The legend is essential for the comprehension of almost all maps and mostly
describes all elements on the map. Some maps do not reference the stair symbol
in the legend.
Walls. The structure of the building is represented by the floor plan and, if
necessary, by the labeling of rooms and areas. When exploring TM, lines are
followed to identify the dimensions of the building and its layout. Most of all
analyzed maps support the representation of inner and outer walls. While most
maps present walls with same width, about 30 % support line tracing and thus
recognition of the outline, by designing outer walls thicker than inner walls. 14 %
of the TM represent the wall thicknesses in the building very differently, as they
correspond to the real thickness of walls. Only 19 % reference the line style for
walls in the legend.
Encoding of Information. Information on maps can be provided using Braille
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Fig. 1. Box plot that shows how many different symbols, keys, textures, Braille labels
and line styles were used on average on one map to provide information (maps without
occurrence included as 0 value) .

labels, textures, line styles, and point symbols. It is up to the author’s decision
which information the map should contain and which of these encoding types
are used. The main focus was on analyzing which representations occur in the
maps and how many different elements of an object class (e.g. symbols) were
represented. Almost all maps make use of different symbols to represent relevant
information (see Fig. 1). An amount of 5 to 8 different symbols on the map
is very common, where the maximum number of different symbols per map is
15. While some maps provide only a few basic symbols, others use them as the
main information carriers. Textures, line styles (at least one to represent walls),
and braille labels in the map are used less consistently, but still by the majority
of maps (see Table 1). According to this, there is partly a high variance in the
number of objects used. For example, while 46 % do not provide any braille label
in the map for areas and objects, the number of labels used varies greatly for the
remaining maps. Most of the maps use less than 10 different keys. Textures and
line styles were used relatively rarely to encode information. Textures were often
used to determine restricted areas or to indicate functions of areas (e.g. corri-
dors, exhibition areas). Filled areas occurred most frequently. Areas are often
visually separated with colors, but not filled with raised textures. A maximum
of three different line styles (5 %) were used on a map, with solid lines assigned
to walls. Most maps present only two different line styles to distinguish walls
and routes. About 45 % of the maps show either a route (e.g. escape route) or a
guidance system, which is mainly represented with dotted or dashed lines.
Labels and Keys. Visual and tactile labels were equally supported in most of

all TM. Most maps placed Braille letters directly under the visual counterpart.
Visual letters are also raised on most maps. It is more common to provide Braille
labels just in the legend (about 50 %) than in the map only (14 %). 12 maps use
numeric indicators for keys, two maps use letters and numbers to separate keys
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in two categories, and seven maps use abbreviations with single letters.
Doors. Doors are important for orientation for many PB (e.g. by counting the
doors). The majority of the maps show at least the positions of doors. The
majority represent normal doors with a gap in the wall, the remaining repre-
sentations use symbols. These indicate not only the position of doors, but also
their opening direction. The different symbols appearing in the maps are shown
in Fig. 2. The symbols used are very similar to those applied for visual indoor
maps. Many maps explicitly identify entrances or exits of the building by special
symbols, Braille labels (5 %) or both (9 %). A total of 38 % identify emergency
exits separately, although some maps also distinguish between normal exits and
emergency exits. Most entries (56 %) can be identified by a filled triangle or ar-
rowhead (see Fig. 2 Entrance (a) to (d)), while 22 % apply an arrow that points
in the direction of the entry. One map indicates a revolving door with an un-
filled circle with a gap (Fig. 2 Doors (f)). Exits or emergency exits were often
represented with the same symbol (Fig. 2 (Emergency) Exit (a) and (b)). Three
times, a combination of an arrow and a further symbol (e.g. wheelchair or iconic
person) was given for this purpose.
Stairs and Elevators. Stairs and elevators are an important orientation feature
and can be found in almost all buildings. The majority of maps include stairs
and elevators and represent it with a symbol. 69 % of the stair symbols consist
of parallel lines in different variations (e.g. with or without border). About 40 %
of the represented stairs have indicators for their direction, for example, an open
side of a rectangle indicates the bottom (13 %), decreasing width of steps from
top to bottom (8 %), an arrow pointing to the top (6 %), applying three elevation
levels (8 %), or a point on the highest step (6 %), as shown in Fig, 2. Symbols for
elevators mostly represent variations of a square with (47 % of all symbols for
elevators) or without an open site indicating the entry, whereby some contain
a cross (24 %), two arrows (18.4 %) or a key/ label (8 %). The elevator symbol
most often used is a rectangle with one side open and an arrow pointing in (29 %,
Fig. 2 Elevators (c)).
Toilets. The location of toilets is a very important feature for many people,
especially those with disabilities. Most maps show the location of toilets, rep-
resented by a single symbol in more than half of the maps or just by labels
(26 %). While 21 % of the toilets do not distinguish between different types of
toilet rooms, 64 % use indicators for male, female, and accessible toilets, with
more than half illustrating these with iconic stick figures. The label ”WC” was
commonly used (33 %).
Infopoints and Current Location. Especially for mobility maps it is essen-
tial to know the current location. However, in the case of static maps, this is
only meaningful when maps were permanently installed. More than 50 % of the
symbols represent a filled circle and 23 % a filled triangle, similar to many visual
maps. In particular, PB also have great interest in the location of information
points or personal contacts in the building. This information is rarely given:
just 10 % of the maps provide information on receptions or info points, mostly
marked with an ”I” symbol.
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Fig. 2. Different types of symbols extracted from the analyzed maps

5 Discussion and Outlook

We analyzed a wide range of different indoor maps in regard to the represen-
tation of important building information as well as design concepts and spaces
for the design of tactile building maps. The results show that although the design
of the maps is very heterogeneous and not standardized, some design aspects are
very similar. For example, there seems to be a consensus on the design of some
symbols as the applied symbols were often similar and meaningful relating to
the represented feature, e.g. symbols for stairs, elevators and exits. In contrast,
different line styles and textures play a minor role for the analyzed indoor maps.
Symbols were more often used than Braille labels to encode information. We
could also identify important building objects that were represented with the
majority of maps. Consequently, a headline, walls, stairs and elevators, toilets,
doors and exits/ entries as well as the current location (in case of fixed or dy-
namic maps) should be provided by the map. We extracted the different types
of symbols for individual objects from the maps, traced them and adapted the
size to at least 6 mm per site (according to guidelines). Based on our many years
of experience, we will adapt the most common symbols according to guideline
requirements to evaluate their readability and meaningfulness with PB in well-
designed indoor maps. For example, it would be interesting to find out whether
encoding of additional information with symbols, such as the opening direction
of elevators or the direction of staircases, can be represented and understood by
PB. In addition, the choice of symbols should be made not only in terms of read-
ability but also concerning their meaningfullness and consistency with outdoor
map symbols. In particular, the level-of-detail of tactile indoor maps still needs
to be investigated.
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