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ABSTRACT 

While creating a community hazard mitigation plan (HMP) has become recognized as a key component of 
successful disaster management, significant portions of the process are often inaccessible to people with vision 
disabilities. Maps in particular are often large, visually dense documents that are printed on two-dimensional 
paper, or distributed via PDF with no alternate text. For people with profound low vision or who are blind, 
alternative media is required. The research discussed here proposes that tactile maps may present an accessible 
and cost-effective medium for representing geospatial data relevant to the hazard mitigation planning process. 
Using flood insurance rate maps (FIRMs) distributed by the Federal Emergency Management Agency (FEMA) 
as a starting point, this paper proposes an evaluatory framework for transcribing conventional maps into tactile 
documents, as well as characterizing users’ experiences using them for mitigation planning, directions for future 
research and generalizing the process for applications in other domains. 
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INTRODUCTION 

Context 

We are to expect, as a species, a near future in which calamitous natural hazards become much more frequent as 
the Earth’s atmosphere continues to warm (Pachuri et al. 2014). Assuming that current greenhouse gas emission 
trends continue more or less unabated, humans must begin to incorporate resiliency theories and practices into 
otherwise quotidian, unexamined processes, necessitating transformational rather than incremental adaptation 
(Few et al. 2017; Kates et al. 2012). In other words, systemic changes must be implemented. This shift in thinking 
can be prompted by the creation of a hazard mitigation plan (HMP), which, as outlined by the United States 
Federal Emergency Management Agency (FEMA), is a holistic assessment of a given community’s vulnerability 
to various hazards, along with specific plans to address that vulnerability. In the U.S., HMPs can be submitted to 
FEMA in order to receive funding for enacting the plans described in the HMP. However, certain tools used in 
the planning process can be potentially inaccessible to people who are blind or visually impaired. 

Much of the hazard mitigation planning process relies on the use of maps to understand the spatial extent and 
character of various hazards. Because these maps are either printed on flat, untextured paper or viewed as digital 
files with no alt text (information embedded within an image file that contains a concise written description of the 
image in order to aid people who may not be able to see the image), people who find reading printed information 
to be challenging will have their capacity to participate in the hazard mitigation planning process severely 
curtailed. While this research focuses on people who are blind or visually impaired, the findings could potentially 
extend in varying degrees to people with any other neurological, physical or learning disability that makes reading 
conventional visual media difficult (Epp 2006; Hepler and Green 2008). Keeping in mind that people with 
disabilities are especially vulnerable in a disaster scenario - and may be able to lend unique insight into what 
disability-specific factors a given plan should be considering - it is imperative that the hazard mitigation planning 
process become more accessible. The research discussed here explores the possibility of tactile maps as a way of 
increasing accessibility for flood hazard mitigation planning in particular, but also for representing hazard data in 
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multiple contexts. The following paper first discusses the context of and justification for tactile hazard maps. 
Then, the relevant challenges that this research will faced are outlined. Next, research progress and goals are 
described, followed by directions for future research. 

In addition to maintaining the safety of a community’s citizens, the reliance on exclusively visual maps presents 
a compliance issue. According to Section 508 of the Rehabilitation Act of 1973 (“IT Accessibility Laws and 
Policies” 2018), government agencies must publish information in a format that is accessible to people with 
disabilities and comparable to information that has not specifically been made accessible (“IV. Summary of 
Comments and Response”, 2000). If the task of making certain information accessible presents an “undue burden” 
on the part of the agency, they must provide “comparable alternatives”, or media that adheres as much as possible 
to the original information, but make sacrifices in fidelity, quality or quantity in the interest of accessibility (“IV. 
Summary of Comments and Response”, 2000). Oftentimes, the solution for accessibility comes in the form of a 
written or verbal description of the information in question (Esri 2018; “Web Content Accessibility Guidelines 
(WCAG) 2.0”, 2008) 

The issue with this approach is that it becomes extremely difficult – if not practically impossible – to elucidate 
spatial relationships between elements, especially when a user is dealing with dozens if not hundreds of features 
on a map, many of which are overlapping one another. In other words, data about features can be maintained, but 
relationships between features are lost or obfuscated. Furthermore, were a person who is blind or visually impaired 
to specifically request that FEMA provide them a tactile map, they would have to contact a FEMA map specialist 
who would work with that person to design a custom map. Put differently: there is no standardized, automated 
process for transcribing visual maps into a tactile format. The wait time and quality of resulting maps vary 
depending on a host of factors. 

Today, tactile maps are generally categorized under the broader term “tactile graphics”, as many of the design 
principles and best practices that apply to any sort of tactile illustration also apply to maps in particular (Edman 
1992; Landau 1999; Takeshi and Susumu 2010). However, this means that the research on tactile maps as artifacts 
that are distinctly cartographic – rather than merely illustrative – is relatively limited. Brittell (2018), Blades et al. 
(1999) and Lobben and Lawrence (2012) all provide examples of research on tactile maps as such; that is, how 
tactile maps relate information about spatial relationships instead of simply whether or not they are legible. This 
research has proved to be insightful, but would benefit from further exploration. 

In response, the evaluatory framework described here investigates potential guidelines and best practices for 
making the transcription process standardized and generalizable for flood hazard maps representing any given 
locale. More specifically, this research uses a condensed version of flood insurance rate maps (FIRMs) referred 
to as FIRMettes (Figure 1), both of which are downloadable from the FEMA website. These maps are used to 
represent the extent and character of potential flooding. Full-sized FIRMs are meant to be printed at 36" x 25.875" 
while FIRMettes are sized to be printable on A4 paper, which is also the most common size for tactile paper. The 
practical aim for this research is to enable people who are blind or visually impaired to be able to download and 
print a tactile FIRMette in the same way that sighted people can acquire conventional FIRMettes. Not only would 
this ensure that FIRMs and other hazard maps would become more accessible, but it would also ensure Section 
508 compliance in a meaningful capacity.  

 

 
Figure 1.  Sample FIRMette 
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Cartographic Challenges 

There are a number of challenges regarding the creation of tactile maps. First among them is the fact that there is 
no singular manifestation of vision disability. Designing a map to be accessible by people who are blind or visually 
impaired could mean employing many different techniques depending on a given person’s visual perception 
and/or acuity. Maps using high contrast colors and large type may work for one person, while another person may 
need a fully tactile map. The research presented here will try to accommodate a range of needs, however it will 
focus on maps that will be used by people who typically require tactile illustrations. 

Second, due to the limitations of what humans can distinguish by touch alone, tactile maps are not able to represent 
as much information as a conventional visual map. The distance that features should be separated from each other 
should usually be > 1/8th of an inch or more in order to ensure legibility (“Guidelines and Standards for Tactile 
Graphics” 2010). For instance, the meanders of a flood zone’s boundaries may prove challenging to make distinct. 
Additionally, orthophotos provide a means of easily representing the built environment of a given area and isn’t 
available with tactile maps– buildings and infrastructure will have to be represented symbolically. 

Third, there is a fair amount of research and best practices for creating tactile graphics, but almost all of it focuses 
on either educational/reference graphics (Aldrich et al. 2002; Shinohara et al. 1998) or wayfinding 
(Papadopoulous et al. 2018; X.M. Almeida et al. 2015). There is little to no research examining the use of tactile 
graphics, or maps, for the purpose of analysis. Thus, while certain design standards or conventions may be 
appropriate for educational graphics, they may prove to be confusing or insufficient in an analytical context.  

Fourth, due to the limitations of working memory (Baddeley 1992; Miller 1956), tactile graphics limit the amount 
of information that a person can retain at once. Visual maps offer the advantage of allowing users to rapidly scan 
the document in order to recall many different symbols and spatial relationships. Tactile maps, on the other hand, 
require the user to retain more information themselves. The task is similar to reading a visual map by looking at 
it through a paper tube held a few inches away from the paper. Nevertheless, guidelines for creating tactile 
graphics have been published by the Braille Association of North America (BANA) (“Guidelines and Standards 
for Tactile Graphics” 2010), and are able to provide a starting point for designing tactile hazard maps. 

RESEARCH DESIGN 

Our work is guided by two research questions: The first asks: what are the characteristics of use for B/VI 
individuals when using a tactile map for disaster risk assessment tasks in comparison to a verbal description of 
the same area? The second asks: How can thematic tactile maps be designed to help facilitate the participation of 
people who are blind or visually impaired into community hazard mitigation planning processes? In the following 
sections, I describe progress on this work to date as well as outline the plan for completing research and directions 
for future research. 

Research Question 1 (RQ1) 

The goals of this question are, first, to develop a prototype workflow for transcribing conventional FIRMettes 
into tactile FIRMettes, and second, to evaluate the extent to which users can satisfy knowledge gaps and reach 
conclusions that are specified by the FEMA flood risk assessment process, as well as to evaluate users’ confidence 
and preference in performing risk assessment tasks with thematic tactile maps. The former task will be 
accomplished by following best practices for creating tactile graphics as outlined by BANA (“Guidelines and 
Standards for Tactile Graphics” 2010). While these conventions may need to be altered in light of the feedback 
generated from participants in these experiments, they will provide a starting point for evaluating their own 
efficacy. 

Given that this project seeks to evaluate the maps themselves rather than the participants’ skills in completing the 
tasks assigned to them in the experiments, the locations represented by FIRMettes chosen for transcription will 
not be areas that they are familiar with, but rather a variety of environments: rural-coastal, rural-inland, urban-
coastal and urban-coastal. Using a decision-making workflow recommended by BANA, data selection, 
generalization and simplification will be applied to a selection of FIRMettes. These decisions will be recorded in 
order to apply uniformly to all maps used in the initial experiments. 

The figure included below (Figure 2) is a print proof to check the design for fidelity, integrity and clarity. In other 
words, it is a rough draft, but is illustrative of the type of results that this research will produce. It is also worth 
noting that the tactile map below is a larger-scale transcription of the FIRMette featured earlier in this paper. 
Several changes have taken place in the transcription process. Labels have been omitted from this map as braille 
translation will require consultation with a specialist. Two major features of the original map have been preserved; 
flood extents have been preserved as they is the most important element of the map, and roads and highways were 
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determined to provide a simple means of wayfinding and determining location for the user. Features that have 
been omitted are jurisdictional boundaries, flood zone features and their labels, building footprints, impermeable 
surfaces (pavement) and orthophoto data. While these omissions on this particular map hamper the ability to, for 
example, locate critical facilities and infrastructure, the final product will include them on additional maps to be 
collated as a set (which has been employed as a solution for other tactile map systems). In future drafts, certain 
map labels, building footprints, road and pathway centerlines will be automatically generated using the Tactile 
Maps Automated Production (TMAP) platform, which was developed by the LightHouse for the Blind and 
Visually Impaired, and the Smith-Kettlewell Eye Research Institute (Miele et al. 2006). The latest iteration of 
TMAP converts OpenStreetMap (OSM) data into features that are symbolized according to tactile graphics 
standards. Flood data will be manually added to the map as a separate set of layers, but this research hopes to 
provide a list of considerations for automating that process as well. 

 

 
Figure 2. Sample tactile FIRMette design. 

 

The media that these maps will use what is often called microcapsule paper or Swell Touch paper (a brand name). 
This is paper that contains a layer of chemicals which, when exposed to heat, will expand wherever black ink has 
been printed or drawn onto the paper, creating a well-defined raised texture that can be as small as the stroke of a 
ballpoint pen. While a review of the existing literature suggests that microcapsule paper is the most accessible and 
cheapest option (Lobben 2005; Rowell and Ungar 2003), the first round of feedback may warrant switching to 
another medium. 

After designing and printing all required maps, testing will begin. The scenarios that participants will be asked to 
follow are drawn from requirements outlined in Title 44 of the U.S. Code of Federal Regulations §201.6(c)(2)(i), 
(ii), (iii), which describes the necessary elements of an HMP: 1) description of hazards, 2) identification of assets, 
3) analysis of risks and 4) a summary of vulnerability. A description of hazards, in this case related to flooding, 
will entail identifying the range of flood heights and the areal extent of flooding. Identification of assets will entail 
locating critical infrastructure such as bridges, hospitals and transit centers that may be at risk of damage and/or 
serve in a response/recovery capacity. By law, considerations should be made for “access and functional needs 
populations”. Cultural and natural assets should be incorporated into the assessment as well. Following that will 
be analysis of risks, and will entail estimating which portion of the map will sustain the least and most amount of 
damage, and the degree of that damage. Finally, overall risk to the map area will be evaluated.  

Following completion of each task during the experiment, the participant will respond to a survey question asking 
them to characterize their experience of completing that task (the medium of delivery for this survey will be 
determined based on consultation with a local IT Accessibility Group). Participants will be asked to describe the 
map’s ease of use, evaluate the aesthetic experience and suggest changes that might improve the map’s utility. 
Results will be used to inform the design of maps used in experiments answering Research Question 2. 

Research Question 2 (RQ2) 
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The aim of RQ2 is to evaluate how these maps might be used in a collaborative setting, for instance during a 
community meeting for hazard mitigation planning. As with experiments in RQ1, this process will be 
approximated rather than recreated, and thus each session will include one blind or visually impaired participant 
and one sighted participant. Before testing occurs, maps will be redesigned by incorporating feedback from the 
first round of experiments, as well as adding labels and colors for sighted participants to more easily understand 
the map (this is made possible due to the fact that microcapsule paper only swells where black ink is present, not 
colored ink). 

The format of the experiments will follow the order and structure as described previously, except this time both 
participants must agree on a single conclusion/response for each task. This includes both objective answers, such 
as locating specific features, as well as open-ended answers such as summarizing the vulnerability of a particular 
area. 

As with RQ1, participants will answer a survey question following each task, asking them to characterize their 
experience. Questions in these experiments will be modified to take into consideration the collaborative nature of 
these tasks. By gathering input from both sighted and blind or visually impaired participants, a more complete 
understanding of the collaborative process can be gleaned, and ideally, a more effective product for use 
specifically in collaborative contexts can be developed. In addition, each participant will answer a private survey 
question that will explicitly ask them about the collaborative experience, i.e. if they felt that it was successful, 
they were able to contribute sufficiently, etc. Answering this research question will help guide the development 
of new mapping practices that can better support the direct integration of blind or visually impaired people into 
the community hazard mitigation planning process. 

FUTURE RESEARCH AND CONCLUSION 

While the research presented here focuses on the transcription of flood maps, the resulting workflow and testing 
protocols could easily be evaluated in the context of other disasters and management scenarios, such as with 
earthquakes, hurricanes, wildfires and so on. Future studies could also examine tactile map use from a spatial 
cognition and usability perspective, i.e. because there are few tactile maps that are designed for analysis, the ways 
in which they are used by people who are blind or visually impaired, as well as by people with other print or 
learning disabilities is vastly understudied. 

A wider variety of materials could also be researched. This project has chosen microcapsule paper as the medium 
of choice due to accessibility and availability, but future studies may evaluate other popular media such as 
thermoform plastic, which is a sheet of plastic that can be textured in a manner similar to microcapsule paper, and 
is more durable, but is also more expensive, cumbersome and has less fidelity. 3D printing has also become a 
popular medium for tactile research (Anson 2014; Gual et al. 2014; Holloway et al. 2018) and offers a promising 
alternative assuming that 3D printers continue to become cheaper and more user-friendly, but as it stands they 
present a fair learning curve, require several hours or even days to fully print, and the resulting figures often need 
hand-polishing to remove scraps and rough edges. However, these issues could be overcome in the near future. 

Assuming that the average age of the U.S. population will continue to trend upwards, vision disabilities will 
continue to become more common (Varma et al. 2016). In combination with the assumption that the Earth will 
continue to warm in the coming years, bringing with it more frequent and intense natural hazards, it will become 
more and more imperative to ensure that maps used in hazard mitigation planning become accessible. 
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