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Abstract

Tactile maps play a crucial role in improving spatial accessibility, orientation, and independent mobility for visually
impaired individuals. Despite increasing academic and technological interest in tactile cartography, current studies
reveal significant inconsistencies in design principles, Braille usage, scale decisions, color coding, tactile texture and
tactile symbols. The lack of standardized guidelines limits the usability and transferability of tactile maps in different
spatial phenomena and among user groups. This article presents a systematic review of academic research on tactile
maps designed for visually impaired users, focusing particularly on tactile map design approaches, Braille integration,
information density, tactile symbols and thematic content. The review encompasses peer-reviewed journal articles and
conference proceedings published between 2020 and 2025, obtained from the Web of Science, Scopus, Google Scholar,
and IEEE Xplore databases. 162 studies were selected and structured according to the tactile map thematic framework.
The findings demonstrate an increasing emphasis on user-centered and participatory design approaches. However, it
remains limited by the consideration of various user profiles (e.g., congenital or acquired visual impairment). Braille
labeling is widely used, but its effectiveness largely depends on users' Braille literacy levels, leading various studies to
propose different tactile or auditory solutions. Scale selection, generalization and tactile sign differentiation emerge as
the most critical challenges in depicting complex urban environments, particularly as they negatively impact the
readability of tactile details and needs on the map. This study contributes to cartographic research by synthesizing key
trends, methodological gaps, design limitations in tactile map and legend design approaches, tactile signs, Braille
labeling, scale decisions etc., providing evidence-based information for the development of more usable and standardized
tactile maps. The results aim to provide a practical guide for cartographers, GIS professionals, and researchers working
in the field of accessibility and disability studies.
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INTRODUCTION

Access to spatial information is an essential requirement for independent mobility and daily navigation. Maps are widely
used tools that help individuals understand spatial relationships, plan routes, and navigate unfamiliar environments.
However, conventional maps are primarily designed for visual interpretation and therefore remain largely inaccessible to
individuals with visual impairments. As a result, visually impaired people often face significant challenges in spatial
orientation and environmental awareness, particularly in complex urban environments.

Tactile maps have emerged as an important assistive tool designed to address these accessibility challenges. Unlike visual
maps, tactile maps convey spatial information through raised lines, textures, and symbols that can be perceived through
touch. These maps enable visually impaired individuals to explore spatial environments using their fingertips, allowing
them to develop cognitive maps and improve their ability to navigate independently. Research has shown that tactile maps



significantly enhance spatial understanding, route planning, and environmental awareness among visually impaired users
(Edman, 1992; Golledge, 1999).

Despite their importance, the design of tactile maps presents several challenges. Tactile perception is fundamentally
different from visual perception, requiring map designers to simplify spatial information while preserving essential spatial
relationships. Elements such as scale, symbol differentiation, texture design, and Braille labeling must be carefully
considered to ensure that tactile maps remain readable and usable. Excessive information density, inconsistent symbol
systems, and poorly placed labels can significantly reduce the effectiveness of tactile maps for users.

In recent years, advances in assistive technology, geographic information systems (GIS), and accessible design have led
to increased academic interest in tactile cartography. Researchers have explored a wide range of topics including tactile
symbol systems, spatial generalization techniques, Braille labeling strategies, and user-centered design approaches.
However, the existing literature reveals considerable inconsistencies in tactile map design practices. Different studies
propose varying symbol systems, texture patterns, and labeling methods, resulting in a lack of standardized design
guidelines (Chavarria, et.al., 2025, Bateman, et.al., 2018, Jafri, Khan, 2018).

The absence of widely accepted standards in tactile cartography limits the usability and transferability of tactile maps
across different environments and user groups. Without standardized design principles, tactile maps produced by different
organizations may vary significantly in terms of symbol systems, information density, and layout structure. These
inconsistencies can create confusion for users and reduce the overall effectiveness of tactile maps as navigation tools.

Given these challenges, there is a growing need to systematically review existing research on tactile map design and
identify common principles, methodological trends, and research gaps. Systematic literature reviews provide a structured
approach for synthesizing knowledge across multiple studies and generating evidence-based insights for future research
and practice (Kitchenham & Charters, 2007; Snyder, 2019).

Therefore, the main objective of this study is to examine the existing academic literature on tactile map design for visually
impaired users through a systematic review approach. The study focuses on research published between 2020 and 2025
and analyzes key themes related to tactile map design principles, tactile symbols and textures, scale and spatial
generalization, Braille labeling methods, and user experience evaluation.

CONCEPTUAL FRAMEWORK

Tactile cartography refers to the process of designing maps that communicate geographic information using raised lines,
textures, and symbols that can be perceived through touch. Unlike conventional visual maps, tactile maps must consider
the limitations of tactile perception, such as the sensitivity of fingertips and the difficulty of interpreting dense spatial
information. Therefore, tactile maps require simplified representations of spatial features, clear symbol differentiation,
and carefully designed textures that allow users to distinguish map elements efficiently (Edman, 1992; Lobben &
Lawrence, 2012).

Accessible cartography expands on this concept by integrating universal design principles into map production.
Accessible maps aim to provide equal access to spatial information for all users, including individuals with visual
impairments. This approach emphasizes the importance of reducing complexity, increasing readability, and ensuring that
map information is presented in formats that can be interpreted through multiple sensory channels, including tactile and
auditory interfaces.

Spatial cognition refers to the cognitive processes that enable individuals to perceive, remember, and interpret spatial
relationships in their environment. For visually impaired individuals, spatial cognition often relies heavily on tactile and
auditory information. Tactile maps serve as important tools for supporting the development of cognitive maps, which are
internal mental representations of spatial environments (Golledge, 1999).

Research shows that tactile maps can significantly enhance spatial orientation and route planning abilities among visually
impaired users (Touya, et.all.,2019, Shoaib, 2025, He et.al., 2025). By exploring tactile symbols, textures, and Braille
labels, users can develop a clearer understanding of spatial relationships between landmarks, pathways, and geographic
features. This process supports independent mobility and increases users' confidence when navigating unfamiliar
environments.

The conceptual framework of tactile map design is grounded in several key cartographic principles that ensure usability
and accessibility. One of the most important principles is simplicity, which requires reducing unnecessary spatial details
in order to avoid cognitive overload. Since tactile perception is slower than visual perception, maps must present only the
most relevant spatial information (Wabinski et.al., 2019).



Another fundamental principle is symbol differentiation. Tactile symbols and textures must be clearly distinguishable
from one another so that users can easily identify different spatial elements such as roads, buildings, parks, or water
bodies. Consistency in symbol design is also essential because standardized tactile symbols improve familiarity and
reduce interpretation errors (Cole, 2021).

In addition, appropriate scale and spatial generalization are critical components of tactile map design. Complex spatial
environments, especially urban areas, often contain dense information that cannot be fully represented on tactile maps.
Spatial generalization techniques are therefore used to simplify geographic features while maintaining essential spatial
relationships (Lobben, Lawrence, 2012).

Braille labeling is another essential component of tactile maps, providing textual information about locations, landmarks,
and geographic features. Proper placement and spacing of Braille labels are necessary to ensure readability and prevent
overlap with tactile symbols. However, studies have shown that Braille literacy levels vary among visually impaired
individuals. As a result, many researchers recommend combining Braille labels with alternative information delivery
methods such as audio-based systems or interactive digital interfaces (Rong, 2025).

Participatory design methods contribute to the development of more effective tactile maps by improving symbol
recognition, map readability, and navigation performance. These approaches also help ensure that tactile maps reflect the
diverse needs of visually impaired individuals with different levels of tactile sensitivity and spatial experience.

METHOD
Research Design

This research was conducted using a systematic literature review method to comprehensively examine the literature on
tactile map design developed for visually impaired individuals. Systematic literature review is a scientific research method
that allows for the systematic, transparent, and reproducible examination of studies conducted in a specific research area
according to predetermined criteria (Kitchenham & Charters, 2007; Snyder, 2019).

To ensure that the research process is conducted in accordance with scientific standards, the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) method was used. The PRISMA method is an
internationally accepted method that enables transparent reporting of systematic literature reviews and meta-analysis
studies (Page et al., 2021).

According to the PRISMA approach, the literature review process was carried out in four main stages. In the first stage,
identification, studies related to the research topic were searched in international academic databases using the specified
keywords. In the second stage, screening, the titles and abstracts of the obtained studies were examined, and studies not
directly related to the research topic were excluded from the scope of the research. In the third stage, the eligibility
assessment, a full-text review was conducted, and studies meeting the defined inclusion criteria were identified. In the
final stage, the inclusion stage, the final working group was formed for analysis (Moher et al., 2009; Page et al., 2021).

To determine the scope of the research, only peer-reviewed academic articles and conference papers were considered.
Publications included in the study were limited to research published between 2020 and 2025. The studies obtained within
the scope of the literature review were analyzed according to thematic categories such as tactile map design principles,
tactile symbol systems, scale and spatial generalization approaches, Braille labeling applications, and user experience
evaluations. This thematic analysis approach allows for a systematic evaluation of research trends in the literature
(Tranfield et al., 2003).

Literature Review Process

In order to identify studies related to the research topic during the literature review process, international academic
databases were used. In this context, a comprehensive search was conducted in the Web of Science, Scopus, Google
Scholar, and IEEE Xplore databases. These databases were chosen because they contain a significant portion of academic
studies published in the fields of cartography, geographic information systems, accessible design, and disability studies.

Various keyword combinations representing the research topic were used in the search process. These keywords included
concepts such as “tactile map,” “tactile cartography,” “accessible map design,” “Braille map,” “tactile symbols,” “visually
impaired navigation,” and “accessible cartography.” Boolean operators were used in the search to create different keyword
combinations and to comprehensively identify relevant studies in the literature.
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The literature review was limited to studies published between 2020 and 2025. The main purpose of this limitation was
to reveal current research trends in the fields of tactile map design and accessible cartography. The initial scan yielded a
total of 312 records from the databases (See Table 1). After removing duplicate studies, 248 studies were selected for
evaluation. In the second stage of the PRISMA process, a title and abstract review eliminated studies not directly related
to the research topic, and 195 studies were advanced to the next stage. In the third stage, a full-text review was conducted,
and 178 studies meeting the defined inclusion criteria were evaluated. In the final stage, a detailed review resulted in 162
studies forming the final dataset of the research. The selected studies were evaluated using content analysis, and research
on tactile map design was analyzed within the following thematic categories:

e Principles of tactile map design

e Scale selection and spatial generalization
e Tactile symbols and surface textures

e Braille labeling methods

e  User experience and usability testing

Table 1. Search Strategy Used for Systematic Literature Review

Database Search Keywords Search String (Boolean Time | Results
Operators) Range (n)
Web of tactile map, tactile (“tactile map” OR “tactile 2020— 86
Science cartography, visually | cartography”) AND (“visually 2025
impaired, accessible impaired” OR blind) AND
map design (“map design” OR “accessible
cartography”)
Scopus tactile symbols, (“tactile map” OR “braille 2020— 74
braille map, tactile map”) AND (“tactile symbols” 2025
navigation OR “map symbols”) AND
(“visually impaired navigation™)
Google tactile cartography, (“tactile cartography” OR 2020— 102
Scholar accessible mapping, “accessible map design”) AND 2025
visually impaired (“visually impaired” OR blind
navigation users)
IEEE tactile map (“tactile map” AND “assistive 2020~ 50
Xplore technology, tactile technology”) OR (“tactile 2025
interfaces, navigation navigation system”)
systems
Total 312
Identified
Records

Inclusion and Exclusion Criteria

Within the scope of this research, only studies directly related to tactile map design, tactile symbols, Braille labeling, and
spatial navigation for visually impaired individuals were evaluated. However, studies that were solely within the scope
of accessibility or disability studies and not directly related to map design were excluded from the study. In addition,
duplicate studies, publications whose full text was not available, and studies not directly related to the research topic were
excluded from the systematic review process.

Inclusion and exclusion criteria are presented in Table 2:

Table 2. Inclusion and Exclusion Criteria Used in the Study

Description
Peer-reviewed journal articles and conference papers
Studies focusing on tactile map design and tactile cartography
Research related to visually impaired users
Studies published between 2020-2025
Publications written in English

Criteria Type
Inclusion Criteria




Studies including design, usability or evaluation of tactile maps
Exclusion Criteria Non-academic publications (blogs, reports, news articles)
Studies unrelated to tactile maps or cartography
Duplicate records across databases
Studies without full-text access
Publications outside the defined time range
These criteria were developed in accordance with methodological approaches commonly used in systematic literature
reviews and the PRISMA reporting standards.

PRISMA Scan Results

As part of the literature review, a total of 312 records were obtained from searches in the Web of Science, Scopus, Google
Scholar, and IEEE Xplore databases. In the first stage, duplicate studies among the databases were identified, and 64
records were removed from the dataset. Thus, 248 studies were included in the title and abstract review. In the title and
abstract review stage, studies not directly related to the research topic were excluded, and 53 studies were eliminated.
Following this stage, 195 studies were evaluated for full-text review. In the full-text review stage, the studies were
examined in detail according to the predetermined inclusion and exclusion criteria. As a result of this evaluation, 33
studies that were not directly related to the scope of the research or that did not contain sufficient methodological
information were excluded from the systematic review. In the final stage, 162 academic studies were included in the
systematic literature review.

In the identification stage, a comprehensive search was conducted in four major academic databases: Web of Science,
Scopus, Google Scholar, and IEEE Xplore. The search process employed multiple keyword combinations related to tactile
cartography, including “tactile map,” “tactile cartography,” “Braille map,” “tactile symbols,” and “visually impaired
navigation.” The initial search resulted in 312 records. In the identification stage, a comprehensive search was conducted
in four major academic databases: Web of Science, Scopus, Google Scholar, and IEEE Xplore, using multiple keyword
combinations such as “tactile map,” “tactile cartography,” “Braille map,” “tactile symbols,” and “visually impaired
navigation,” which resulted in 312 records; to ensure transparency and reproducibility, these databases are publicly
accessible via their official platforms, and a representative list of the included studies with full bibliographic details is
provided in the appendix, while the complete dataset can be made available upon request.
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In the screening stage, duplicate records were identified and removed. A total of 64 duplicate studies were excluded,
leaving 248 studies for further evaluation. Subsequently, the titles and abstracts of these studies were reviewed to
determine their relevance to tactile map design for visually impaired users. During this process, 53 studies were excluded
because they were not directly related to the research topic (See Fig. 1).

In the eligibility stage, the remaining 195 studies were subjected to a full-text assessment. Each study was evaluated
according to the predetermined inclusion and exclusion criteria, such as relevance to tactile cartography, focus on visually
impaired users, methodological clarity, and availability of full text. As a result of this detailed review, 33 studies were
excluded due to insufficient methodological information or lack of direct relevance to tactile map design.

In the inclusion stage, 162 studies met all the criteria and were included in the systematic literature review. These studies
formed the final dataset used for thematic analysis, focusing on tactile map design principles, tactile symbols, Braille
labeling methods, spatial generalization, and user experience evaluation.
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Figure 1. PRISMA Flow Diagram of the Study Selection Process



FINDINGS

The systematic literature review included a total of 162 studies published between 2020 and 2025 that focus on tactile
map design and accessible cartography for visually impaired users. The findings of the review reveal several major
research trends and design challenges within the field of tactile cartography.

The literature review reveals that the effectiveness of tactile maps largely depends on several fundamental design
principles that support the spatial understanding of visually impaired users. One of the most important principles is
simplicity, which emphasizes the need to reduce unnecessary details and present only essential spatial information.
Excessive information density can make tactile maps difficult to interpret, as users rely on touch rather than vision to
perceive spatial patterns.

Another key principle is clear differentiation of tactile symbols and textures. Distinct tactile patterns and surface textures
allow users to easily distinguish between different spatial elements such as roads, buildings, landmarks, and open spaces.
Consistency in the use of tactile symbols across maps is also emphasized, as standardized symbols improve user
familiarity and reduce cognitive load during map interpretation.

Braille labeling is another important component of tactile map design. Labels provide essential textual information, such
as place names and important landmarks. However, since not all visually impaired users are proficient in Braille, many
studies suggest complementing Braille with other forms of information delivery, including audio descriptions or
interactive digital interfaces.

In addition, appropriate scale and spatial generalization play a crucial role in tactile cartography. Maps must be designed
at a scale that allows tactile elements to be distinguishable by touch. Spatial generalization techniques are often used to
simplify complex geographic features while preserving essential spatial relationships.

The literature highlights the importance of user-centered and participatory design approaches (see table 3). Involving
visually impaired users in the design and testing phases ensures that tactile maps meet real user needs and improve
usability. This approach helps designers identify potential accessibility issues and refine tactile map elements based on
user feedback.

Table 3. Principles of Tactile Map Design

Principle Description Importance for Visually
Impaired Users
Simplicity Maps should present only essential Reduces cognitive load and
spatial information and avoid improves tactile readability.
unnecessary details.
Symbol Different tactile symbols and textures Enables users to easily
Differentiation should clearly represent various spatial distinguish between map
elements such as roads, buildings, and features through touch.
landmarks.
Consistency Standardized tactile symbols and design Improves familiarity and
conventions should be used across reduces confusion when
different maps. interpreting tactile maps.
Braille Labeling | Place names and important information Allows users to identify
should be provided using Braille labels. locations and landmarks
accurately.
Appropriate Map scale must allow tactile elements to Ensures spatial elements
Scale be easily distinguishable by touch. are readable and
recognizable.
Spatial Complex spatial details should be Prevents overcrowding and
Generalization simplified while preserving key improves overall usability.
relationships between map elements.
User-Centered Visually impaired users should be Ensures maps meet real
Design involved in the design and evaluation user needs and improve
process. accessibility.

This table shows that simplicity, a clear symbol system, appropriate scale, and a user-centered approach are key factors
in tactile map design, and these principles increase the usability and accessibility of maps.




The results of a systematic literature review show that scale selection and spatial generalization are among the most
critical design issues for the readability and usability of tactile maps. Too dense placement of spatial elements in tactile
maps can make it difficult for users to interpret the map correctly. Therefore, many studies emphasize the importance of
selecting simpler and more user-friendly scales in the design of tactile maps. Especially in urban environments, due to
the large number of buildings, roads, and other spatial elements, spatial generalization methods are widely used (See
Table 4). Through these methods, only the most important spatial elements are retained on the map and secondary details
are removed. Such an approach ensures a clear separation of tactile elements from each other and facilitates users' spatial
orientation.

Table 4. Scale Selection and Spatial Generalization in Tactile Map Design

Description Impact on Tactile Map
Usability
Improves readability and
tactile recognition of map
features.

Prevents information
overload and enhances map
clarity.

Allows users to differentiate

Aspect

Selecting an appropriate map scale that
allows tactile elements to be clearly
distinguishable.
Simplifying complex spatial features
while maintaining essential spatial
relationships.

Ensuring sufficient distance between

Scale Selection

Spatial
Generalization

Element Spacing

tactile symbols and textures.

elements through touch.

Feature Representing only the most important Supports easier spatial
Prioritization geographic features such as main roads orientation for visually
and landmarks. impaired users.
Urban Complexity Reducing dense spatial information in Improves navigation and
Management urban environments through reduces confusion.

generalization techniques.
These results indicate that in tactile cartography, appropriate scale selection and proper summarization of spatial
information are among the key design strategies to enhance the readability of maps and improve users' spatial orientation.

Tactile symbols and surface textures are among the most critical components of tactile map design, as they allow visually
impaired users to distinguish different spatial elements through touch. The literature indicates that tactile symbols must
be simple, clearly distinguishable, and consistent across maps to ensure effective interpretation. Different textures and
raised patterns are commonly used to represent map features such as roads, buildings, green areas, and water bodies. For
example, linear raised lines may represent roads, while dotted or rough textures may represent open spaces or parks.

Several studies emphasize that excessive variation in tactile textures can lead to confusion, making it difficult for users
to differentiate between map elements. Therefore, researchers recommend limiting the number of tactile symbols and
ensuring that each texture has a clear and recognizable pattern. In addition, the size and spacing of tactile symbols must
be carefully designed so that they can be easily perceived by fingertips without overlapping or crowding.

Another important consideration is the standardization of tactile symbols (See Table 5). Many studies highlight the lack
of universally accepted symbol systems in tactile cartography, which may create inconsistencies across different maps
and environments. Establishing standardized tactile symbol systems would help improve user familiarity and enhance the
usability of tactile maps across different contexts.

Table 5. Tactile Symbols and Surface Textures in Tactile Map Design

Element

Description

Function in Tactile Maps

Tactile Symbols

Raised shapes used to represent map
features such as buildings, landmarks,
and facilities.

Helps users identify
important spatial elements.

Surface Textures

Different tactile patterns used to
distinguish areas such as parks, water
bodies, or open spaces.

Enables users to differentiate
map regions through touch.

Line Symbols

Raised lines representing linear features
such as roads, pathways, or boundaries.

Supports navigation and route
identification.

Symbol Size and

Appropriate dimensions and distance

Prevents overlap and

Spacing between tactile elements. improves tactile recognition.
Symbol Use of consistent tactile symbol sets Enhances user familiarity and
Standardization across different maps. interpretability.




These findings demonstrate that well-designed tactile symbols and surface textures play a crucial role in improving the
readability, accessibility, and usability of tactile maps for visually impaired users.

Braille labeling is a fundamental component of tactile map design, as it provides textual information that helps visually
impaired users identify locations, landmarks, and important spatial features. The literature indicates that Braille labels are
commonly used to represent place names, building functions, street names, and key navigation points on tactile maps.
Effective Braille labeling requires careful consideration of label size, placement, and spacing to ensure that the labels are
easily readable by touch without interfering with other tactile elements on the map.

Several studies highlight that Braille labels should be placed in locations that do not overlap with tactile symbols or
textures, as overcrowding can reduce map readability. In many cases, abbreviations are used in Braille labels to reduce
space limitations on the map. However, researchers emphasize the importance of providing a legend or key that explains
these abbreviations to users.

Another important finding in the literature is that Braille literacy varies among visually impaired users (See Table 6).
While Braille is widely used, not all visually impaired individuals are proficient in reading Braille. As a result, some
studies recommend integrating audio-based labeling systems or digital assistive technologies alongside traditional Braille
labels to improve accessibility and usability.

Table 6. Braille Labeling Methods in Tactile Map Design

Aspect
Braille Labels

Description
Raised Braille characters used to
represent place names and spatial
information.
Positioning Braille labels near the

Importance for Map Users
Enables users to identify
locations and landmarks.

Label Placement Prevents confusion and

corresponding map features.

improves map
interpretation.

Label Spacing

Ensuring sufficient distance
between Braille labels and tactile
symbols.

Maintains readability and
tactile clarity.

Use of Shortened Braille labels used Allows more information to
Abbreviations when map space is limited. be included on the map.
Legend / Key A reference guide explaining Helps users understand map

Braille abbreviations and symbols. information easily.
Alternative Integration of audio labels or Improves accessibility for
Labeling Methods | digital interfaces with tactile maps. users with limited Braille

literacy.

These findings indicate that Braille labeling remains an essential element of tactile map design, but its effectiveness can
be significantly enhanced when combined with clear placement strategies, standardized abbreviations, and
complementary assistive technologies.

User experience and usability testing play a crucial role in evaluating the effectiveness of tactile maps designed for
visually impaired users. The literature indicates that tactile maps should not only be designed according to cartographic
principles but also be tested with real users to assess their readability, interpretability, and practical usability. Many studies
emphasize the importance of involving visually impaired individuals in the evaluation process, as their feedback helps
identify design issues that may not be apparent to designers.

Usability testing methods commonly include task-based navigation tests, interviews, observation, and questionnaire-
based evaluations. During these tests, participants are typically asked to identify landmarks, follow routes, or interpret
spatial relationships on tactile maps. The results of such tests provide valuable insights into how easily users can
understand tactile symbols, textures, and Braille labels.

Research findings also show that tactile maps designed through user-centered and participatory design approaches tend
to be more effective and user-friendly. These approaches involve visually impaired users throughout the design process,
from initial concept development to prototype evaluation. Such collaboration helps improve tactile symbol recognition,
reduce confusion, and enhance overall navigation performance.



Table 7. User Experience and Usability Testing in Tactile Map Research

Aspect Description Contribution to Map
Usability
Usability Testing Evaluation of tactile maps through Measures how easily users
practical user tasks and navigation can understand and use the
exercises. map.
User Participation Involving visually impaired Ensures maps address real
individuals in the design and user needs.
evaluation process.
Task-Based Testing Users perform tasks such as Helps evaluate navigation
identifying landmarks or following efficiency.
routes.
Observation and Researchers observe user Identifies usability problems
Interviews interaction and collect feedback and design limitations.
through interviews.
Questionnaire-Based Surveys used to assess user Provides structured feedback
Evaluation satisfaction and map readability. on usability.
Iterative Design Repeated testing and refinement of | Improves design quality and
Process tactile map prototypes. accessibility.

These findings demonstrate that incorporating user experience and usability testing into the tactile map design process
significantly improves the effectiveness, accessibility, and practical usability of tactile cartographic products.

DISCUSSION

The findings of this systematic review are consistent with previous research in the field of tactile cartography, which
highlights the importance of accessible spatial information for visually impaired individuals. Tactile maps are widely
recognized as effective tools for supporting spatial orientation, cognitive mapping, and independent navigation among
visually impaired users (Edman, 1992; Lobben & Lawrence, 2012). Similar to earlier studies, the results of this research
demonstrate that tactile maps significantly improve the ability of users to understand spatial relationships and navigate
unfamiliar environments.

One of the major findings of this study is the increasing emphasis on user-centered design and usability testing in tactile
map development. This result is consistent with earlier studies emphasizing the importance of involving visually impaired
users in the design and evaluation processes of tactile maps (Rowell & Ungar, 2003). Participatory design approaches
allow designers to better understand user needs and improve map readability, symbol recognition, and information clarity.

Another important finding concerns the role of tactile symbols and surface textures in improving map readability. Previous
studies have demonstrated that tactile symbols must be simple, clearly distinguishable, and standardized to ensure
effective interpretation (Lobben & Lawrence, 2012). When tactile symbols are overly complex or inconsistent, visually
impaired users may experience difficulties distinguishing between spatial elements. Therefore, the literature consistently
emphasizes the need for standardized tactile symbol systems.

The results of this study also support earlier research highlighting the importance of standardization in tactile map design.
Many researchers argue that the absence of universal standards for tactile symbols, textures, and labeling methods creates
inconsistencies across maps and reduces usability (Wabinski et al., 2024). Developing standardized design guidelines is
therefore considered essential for improving the usability and accessibility of tactile maps.

The findings of this review confirm that tactile maps have a positive impact on the independent mobility and spatial
understanding of visually impaired individuals. Studies indicate that individuals who use tactile maps demonstrate
stronger spatial cognition and greater confidence in navigating unfamiliar environments (Golledge, 1999). Despite these
benefits, the literature also highlights the need for more comprehensive research, particularly focusing on diverse user
groups and emerging technologies such as interactive tactile displays and digital navigation systems.

CONCLUSION

This study aimed to examine the current state of research on tactile map design for visually impaired individuals through
a systematic literature review. Using the PRISMA methodology, academic studies published between 2020 and 2025
were analyzed in order to identify key research trends, design principles, and methodological gaps in the field of tactile



cartography. A total of 162 studies obtained from major academic databases were evaluated according to thematic
categories including tactile map design principles, scale and spatial generalization, tactile symbols and textures, Braille
labeling methods, and user experience evaluation.

The findings of the review demonstrate that tactile maps play a significant role in supporting spatial orientation, cognitive
mapping, and independent mobility for visually impaired users. When designed according to appropriate cartographic
principles, tactile maps enable users to better understand spatial relationships and navigate unfamiliar environments more
confidently. However, the literature also reveals several challenges related to the design and usability of tactile maps.

One of the most important findings of this study is the lack of standardized design guidelines in tactile cartography. Many
studies propose different tactile symbol systems, texture patterns, scale approaches, and labeling methods, which leads to
inconsistencies across tactile maps produced by different organizations or research groups. This lack of standardization
can reduce usability and create confusion for users who rely on tactile maps for spatial orientation.

The results also highlight the importance of simplicity, clear symbol differentiation, appropriate scale selection, and
spatial generalization in tactile map design. Because tactile perception is slower and more limited than visual perception,
tactile maps must present spatial information in a simplified and carefully structured manner. Reducing unnecessary
spatial details and ensuring sufficient spacing between tactile elements are essential for improving map readability and
interpretability.

The review also shows an increasing emphasis on user-centered and participatory design approaches in recent research.
Studies that involve visually impaired users in the design and evaluation stages tend to produce more effective and usable
tactile maps. User participation helps identify design limitations, improve tactile symbol recognition, and ensure that
maps address real user needs.

In conclusion, this systematic review provides a comprehensive overview of recent research on tactile map design and
highlights the need for more standardized, user-centered, and technologically integrated approaches in tactile cartography.
By addressing current design limitations and incorporating user feedback into the development process, future tactile
maps can become more accessible, effective, and supportive of independent navigation for visually impaired individuals.
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