
Cartographic Perspectives, Number 101 Multivalent Cartographic Accessibility – Cole | 25 

© by the author(s). This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 
4.0 International License. To view a copy of this license, visit http://creativecommons.org/licenses/by-nc-nd/4.0.

Harrison Cole (he/him)
The Pennsylvania State University

harrisoncole@psu.edu

Multivalent Cartographic Accessibility: 
Tactile Maps for Collaborative Decision-Making

DOI: 10.14714/CP101.1767 PEER - REVIEWED ART ICLE

Conventional visual maps present significant accessibility challenges for blind or low vision users, leaving them with few 
or no options for interpreting spatial data. This need not be the case: tactile maps, designed to be read through touch, have 
been published for more than a century. But they have most often been categorized as a navigation tool, or mere “tactile 
graphics” (i.e., not as expressly spatial documents). Tactile maps that allow their users to explore and synthesize thematic 
spatial data are rare, as are studies evaluating them. As our world continues to face existential threats that are spatial in 
nature—pandemics, supply chain disruptions, floods, etc.—maps will continue to provide critical information in ways 
that other media are unable to match. In the absence of accessible thematic maps, blind people will not only be left out of 
the loop, but their capacity for contributing valuable input will be severely diminished. In response, I describe here a study 
that evaluates the potential of thematic tactile maps for providing blind users an accessible means of analyzing spatial 
data when working in collaboration with sighted partners. Findings indicate that while the maps did not prove to be 
useful tools on their own, they did facilitate collaboration between blind or low vision participants and sighted partic-
ipants. This suggests that, with some refinements, similar maps could be feasibly distributed as a means for people with 
visual disabilities to meaningfully participate in an otherwise inaccessible process that requires the synthesis of thematic 
spatial information.

K E Y W O R D S :  thematic map; design; usability; user experience; blind; low vision; disability; disaster; hazard; mitigation 
planning; flood

I N T R O D U C T I O N
Especially over the past 50 years, advocacy and 
research has resulted in a variety of accessibility standards 
for visual media that are intended to benefit people who 
are blind or have low vision (hereafter B/ LV). For example, 
Section 508 of the Rehabilitation Act provides import-
ant technical guidance for creating accessible technology 
and media (section508.gov/manage/laws-and-policies), 
while the World Wide Web Consortium has compiled 
Web Content Accessibility Guidelines (w3.org/WAI/
standards-guidelines/wcag). These efforts provide a use-
ful checklist for improving accessibility for web users with 
disabilities, covering improvements such as alt text, prere-
corded audio, and gesture-based interaction (Kirkpatrick 
et al. 2018), and are ostensibly meant to extend to web 
maps as well; however, they do not address the particular 
qualities of maps themselves, instead categorizing maps 

as a type of generic image or widget rather than specif-
ically as documents/tools for representing space. This is 
characteristic of most accessibility guidelines that cover 
maps. With the exception of region-specific guidelines 
such as the Australian National Specifications for Tactual & 
Low Vision Town Maps (Goodrick 1984), comprehensive 
and widely-adopted accessible cartography standards have 
yet to be developed (for further discussion, see Hennig, 
Zobl, and Wasserburger [2017]). In response, my research 
contributes two important perspectives: (1) a multivalent 
focus that considers the dimensions of accessibility that 
involve people’s lives outside of the technology itself; and 
(2) a focus on accessible cartography, specifically, rather 
than accessible media in general. The importance of this 
latter point to the field of accessibility research is illustrat-
ed below.

http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.section508.gov/manage/laws-and-policies/
http://w3.org/WAI/standards-guidelines/wcag
http://w3.org/WAI/standards-guidelines/wcag
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The term “accessibility,” is often used to refer to a tech-
nology’s usability, especially by people with disabilities. 
But “accessibility” can more broadly refer to a technology’s 
availability, geographic proximity to potential users, in-
stitutional support, reliability, operability by a wide range 
of users, and so on. Taken together, these goals will be 
referred to in this article as “multivalent accessibility.” In 
short, “access” here is not synonymous with “accessibili-
ty” (Brown 2009). While multivalent accessibility can be 
examined for any technology, the study described in this 
paper explores it in the context of mapping.

Current guidance for creating “accessible” maps on the 
web is to append a type of data to static map images called 
“alt text,” which is essentially a written description of the 
map that is readable by accessibility software. Alt text is 
usually a suitable method for increasing the accessibility 
of simple photographs or diagrams, and it may be appro-
priate for extremely simple maps (e.g., walking directions 
between buildings on a university campus). But given the 
dynamic and scalable nature of vector data, alt text quick-
ly becomes too cumbersome a tool for web map accessi-
bility, and although research is underway to determine 
how alt text could best be applied to interactive web maps 
(Hennig, Zobl, and Wasserburger 2017), these approaches 
are currently largely experimental.

Alt text is not the only tool available for making maps 
more accessible. Tactile maps, which use physical volume 
and texture to represent data, present an alternative op-
tion for B/ LV people. This is a technology that has existed 
for over a century (e.g., Rumsey 2015), and has proven to 
be effective for communicating at least basic spatial infor-
mation. However, though many efforts have been made to 
improve on this method by way of digital and other elec-
tronic components (Cole 2021), high-tech tactile media 
can be expensive, complicated to use, or both. As a result, 
more complex maps and/or maps that use more advanced 
technology tend to be available mostly in settings where 
institutional funds and resources are available; thus, the-
matic tactile maps are used primarily by school-age users, 
while tactile map use among adults is primarily for the 
purposes of wayfinding (Aldrich and Sheppard 2001; 
Cole 2021).

In the interest of keeping with the goals of multivalent ac-
cessibility, I have approached the design of maps in this 
study by eschewing cutting-edge (and often expensive) 

technology in favor of designs using cheaper, proven tech-
nology, with the notion that the maps presented here 
will be deployable more widely and sooner than if re-
search-grade equipment was used.

The maps in this study will represent data about floods. 
In the United States, the Federal Emergency Management 
Agency (FEMA) distributes Flood Insurance Rate Maps 
(FIRMs) in order to help property owners determine 
whether their property overlaps with a f lood zone—in 
which case they would be required to purchase flood in-
surance. But FIRMs are also frequently used in the de-
velopment of natural hazard mitigation plans (NHMPs), 
which are documents that communities produce by ana-
lyzing their vulnerability to various natural hazards and 
identifying steps that they can take to mitigate damage 
from those hazards, after which the NHMP can be sub-
mitted to FEMA for grants to help carry out the plans. 
However, FIRMs are visual maps, meaning that B/ LV 
community members are effectively excluded from con-
tributing to major portions of the NHMP process. These 
are the circumstances into which the research presented 
here intervenes.

A NOTE ON LANGUAGE

In this article, I will use terms such as “B/ LV people/users” 
or “disabled people/users.” This is called identity-first lan-
guage (IFL; Dunn and Andrews 2015), contrasting with 
what is known as people-first language (PFL), which en-
courages the use of phrases like “a person who is blind” 
or “a person with a diagnosis of blindness,” intending to 
foreground that person’s humanity rather than their dis-
ability/diagnosis (Snow 2007). An extensive debate sur-
rounds the use of these terms and will not be covered here 
(cf. Botha, Hanlon, and Williams 2023; Muredda 2012; 
Streeter 2010). Instead, I defer to the official position of 
the National Federation of the Blind (NFB), which rejects 
PFL in favor of IFL, and has resolved thus: “We believe 
that it is respectable to be blind, and although we have no 
particular pride in the fact of our blindness, neither do 
we have any shame in it. To the extent that euphemisms 
are used to convey any other concept or image, we deplore 
such use” (Resolution 93-01, 1993). Because NFB mem-
bers constitute the majority of this study’s participants and 
consultants, they and the population that they represent in 
this study will be referred to using IFL unless grammati-
cally cumbersome.

https://nfb.org/resources/speeches-and-reports/resolutions1
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S T U DY  G OA L S
In this study I aim to meet two goals. The prima-
ry goal (Goal 1) is to evaluate the use of tactile maps by 
B/ LV users to analyze flood risk. This study does not in-
troduce any novel technologies, but rather evaluates how 
existing resources can be applied to a novel context; spe-
cifically, tactile maps being used for flood risk analysis. In 
terms of a research question, Goal 1 is meant to answer, 
“Can existing resources be used to create accessible flood 
maps?” Secondly, map use will be evaluated in a collabora-
tive context with B/ LV participants working with sighted 
participants in order to simulate the type of environment 
that might be encountered in a real-world NHMP pro-
cess (Goal 2). Goal 2 address the question: “Can acces-
sible flood maps foster collaboration between B/ LV and 
sighted community members?” This study is a formative 
assessment (Buttenfield 1999), meaning that it is one step 

in a series of design iterations, as opposed to a summative 
assessment that compares a new design against an existing 
one.

In the following sections, I first present a brief overview 
of research on tactile maps, collaborative decision-making 
with maps, and accessibility in hazard mitigation plan-
ning. Next, I detail how the maps used in the experiments 
were designed. Then, I explain the study methodology 
and results. Afterwards, I discuss the implications of the 
results, study limitations, and challenges that I encoun-
tered—specifically as they pertain to certain accessibility 
issues. I then conclude by discussing how this study can 
inform future research in accessible hazard mitigation 
planning, but also accessible cartography more broadly.

R E L AT E D  WO R K

EVALUATING TACTILE MAPS

In terms of scholarly research, tactile maps appear 
most frequently in the context of orientation and mobility 
(O&M) studies, whether researchers are evaluating design 
(Engel and Weber 2021; Jehoel et al. 2006), production 
methods (McCallum et al. 2005; Rowell and Ungar 2003; 
Shi et al. 2020), or how those factors affect wayfinding 
(Toyoda et al. 2020). Especially within the last 20 years 
or so, it has become much more common to investigate 
tactile O&M maps that augment their volumetric/tex-
ture features with audio feedback (Papadopoulos, Barouti, 
and Koustriava 2018), haptic feedback (Katzschmann et 
al. 2018), or interactive multimodal devices, which are 
often modified touchscreen devices (Giudice et al. 2020). 
Regardless of the modality, wayfinding is by far the most 
common use case in tactile map research, which is in stark 
contrast with visual cartography research that has pro-
duced decades of scholarship on the social and scientific/
analytical dimensions of thematic and reference maps in 
addition to wayfinding research.

Because this study’s design is in many ways rooted in 
analysis of the social dynamics of disability, carefully 
considering exactly whom the tactile maps will be made 
for was foundational. To address this question, a num-
ber of researchers and practitioners have adopted the 

ethos of “universal design” (UD) when conducting tactile 
map studies (e.g., Coughlan and Miele 2017; Hasan and 
Gjøsæter 2021). UD advocates that design (of products, 
environments, media, etc.) should be accessible to every-
one regardless of ability, disability, age, size, gender, and 
so on (Lobben, Brittell, and Perdue 2015). Therefore, a 
map designed in line with UD principles would be usable 
whether or not the user is B/ LV or sighted. A document 
that is printed entirely in braille, by contrast, would not 
follow UD principles. Critiques of UD point out that it 
does not necessarily address issues of justice or the fact 
that universally optimal design qualities do not, for the 
most part, exist in practice (Hamraie 2013); in light of 
these critiques, the study presented here was not designed 
to follow UD principles. But applying UD to future itera-
tions of this research may prove fruitful.

Another changing research dynamic in the field of tac-
tile map studies has been the rise of participatory research, 
which entails the subjects of scientific research guiding, 
to varying degrees, the research itself (this is not neces-
sarily related to the move towards referring to subjects as 
“participants”). In short, it espouses working with rather 
than working on or for the subjects of research (Vaughn 
and Jacquez 2020). In tactile cartography research, this 
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often takes the form of prototyping maps with guidance 
from B/ LV people, O&M instructors, or people otherwise 
associated with B/ LV communities (e.g., Ghodke et al. 
2019; Thevin et al. 2019), as opposed to sighted research-
ers recording feedback from B/ LV participants only as 
experiment data. It should be noted that simply eliciting 
design feedback from study participants is not, under most 
sets of criteria, sufficient for research to be considered 
“participatory.”

COLLABORATIVE DECISION -MAKING WITH 
MAPS

One of the driving principles of this study is that the con-
tributions of B/ LV people to NHMP processes will bene-
fit not only the B/ LV people themselves, but also the com-
munities that they live in. Enabling these contributions 
will permit a larger number of people with a greater di-
versity of knowledge and experience to contribute their in-
sights (Henly-Shepard, Gray, and Cox 2015), in addition 
to helping ensure consensus amongst community members 
(Jankowski and Nyerges 2001). For producing and com-
municating these insights, maps in particular can be of 
significant benefit, not only due to the spatial nature of di-
saster planning, but also because they facilitate exploration 
of data, evaluation of alternative solutions, identification 
of conflicts, and other crucial decision-making operations 
(Henstra, Minano, and Thistlethwaite 2019), all in a for-
mat that can, under certain conditions, be used simulta-
neously by multiple users (Koski et al. 2021; MacEachren 
2001). All told, a collaborative map-based planning pro-
cess, for hazard mitigation planning or otherwise, is fre-
quently regarded as a “value-added” approach, especially 
in situations that involve public input (Pelzer et al. 2014).

Collaborative mapping methodologies are often f iled 
under the heading of “participatory GIS” (PGIS), or “pub-
lic participation GIS” (PPGIS); these are terms that are 
generally associated with increased “lay” participation in 
previously expert-driven processes involving maps, often 
involving the creation of spatial data in addition to its 
analysis (Sieber 2006). Some important PGIS research has 
examined these practices critically (e.g., Elwood 2006), 
questioning who the “added values” benefit, or who can, in 
practice, actually participate. Research by Gregory Brown 
(2012) suggests that advances in (P)PGIS research meth-
ods have not actually led to increased public engagement 
decision-making. There are a number of reasons for this, 

but the key takeaway is that simply involving more people 
in a planning process does not necessarily lead to unqual-
ified benefits, but rather introduces additional dynamics 
that, while they may not be intractable, should be account-
ed for. The study presented here is meant to provide some 
initial daylight into these questions: what are some of the 
dynamics that arise, how are they connected to mapping, 
and what are some future trajectories? These questions 
will not be entirely answered of course, but will at least be 
broached.

ACCESSIBLE HAZARD MITIGATION AND 
FIRMS

While research on the experiences of B/ LV people in di-
sasters is sparse, we do know that disasters are especial-
ly challenging for disabled people in general relative to 
non-disabled people. Among other problems, people with 
disabilities experience greater difficulty obtaining infor-
mation or notif ications about disasters (Gerber 2009), 
higher injury and mortality rates, and more diff iculty 
finding shelter during a disaster; they also tend to be ne-
glected by support systems meant to aid disaster victims 
(Arnör 2014; Stough and Kang 2015). In light of these 
conditions, disaster risk reduction (DRR) researchers and 
policymakers have developed a set of guidelines referred 
to as the Sendai Framework, which aims in part to ad-
dress these disparities by calling for increased, deliberate 
attention to the particularities of how people with disabil-
ities experience disasters (UNISDR 2015). On the whole, 
most recommendations in the Sendai Framework are not 
especially complex or specific: many, such as maintaining 
more up-to-date databases or including more stakeholders 
in disaster planning, arguably benefit more than just dis-
abled people and result in an overall more robust disaster 
planning process.

In addition to broad policy-level efforts, more targeted 
work has looked specifically at disability-inclusive DRR 
processes, and a subset of this work has looked at the role 
played by maps. Ronoh, Gaillard, and Marlow (2017), for 
example, address disaster planning’s frequent exclusion of 
children, and especially disabled children, as community 
stakeholders (see also Good 2015) by using mapping as a 
participatory risk analysis method. The maps in their study 
used a variety of materials and ultimately helped the chil-
dren better articulate what they already knew regarding 
high-risk areas of their community—a level of collective 
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knowledge that surpassed the expectations of those in-
volved in the study. In a similar vein, Gaillard and Maceda 
(2009) examined 3D participatory mapping for commu-
nity-based DRR in the Philippines and found that 3D 
maps—made from common materials like cardboard and 
push-pins—are better than conventional two-dimensional 

at representing a range of scales, are more intelligible to 
people outside of the planning group, and can communi-
cate more data. This project did not address the participa-
tion of disabled people specifically, but, importantly, the 
collaborative and participatory methods used are also used 
in a number of B/LV-specific mapping studies.

S T U DY  M E T H O D O LO GY
I developed a collaborative experiment to eval-
uate the utility and usability of thematic tactile maps for 
decision making in the context of flood mitigation. I re-
cruited participants to perform tasks drawn from FEMA’s 
Local Mitigation Planning Handbook (2013), which out-
lines the steps that a community needs to take in order 
to assemble a NHMP. These tasks required participants 
to use tactile maps that were provided to them, and the 
task instructions were given in the form of an online ques-
tionnaire. The tasks were all map-based, requiring simple 
assessment and evaluation, such as counting the number 
of buildings, or identifying areas of high flood risk. Some 
of these tasks required participants to work on their own, 
while others required participants to work collaborative-
ly with a partner: B/ LV participants were paired with 
sighted participants, and each session involved one pair of 
participants. Participant pairs were also asked to work to-
gether to produce a short summary of their “findings” after 
completing the map-based tasks. Finally, participants re-
ported, using a Likert rating scale, how confident they felt 
while using the maps to complete the tasks. Because this is 
a formative assessment, this study was meant to determine 
whether tactile flood maps are worth pursuing in future 
research: affirmative results would demonstrate that the 
maps presented no substantial impediments to collabora-
tion while also being legible to a degree that does not hin-
der collaboration.

This study was designed to contribute a user-focused per-
spective on tactile map design to the existing literature, 
augmenting a body of research that currently focuses pre-
dominantly on the maps themselves. While the technolo-
gy used in this study has been in use for decades, it was not 
evaluated on its own, but rather in a novel configuration 
and applied to novel situations. In other words, this study 
was designed to provide a foundation for future research 
into tactile flood maps (or other types of accessible maps).

TASKS AND SURVEY DESIGN

The questionnaire consisted of six main sections: demo-
graphic information, individual reference map tasks, indi-
vidual flood map tasks, collaborative assessment questions, 
collaborative summary, and post-collaboration evaluation 
(full study instruments can be found in Appendices A and 
B).

Demographic information was meant to gather basic infor-
mation about participants. Individual reference and flood 
map tasks asked the participants to locate, identify, and 
measure various features on the map in order to help en-
sure that participants became familiar with the map’s 
content. They also served as “quality control” questions, 
checking that participants were able to read at least some 
of what was being represented on the maps. These ques-
tions included counting the number of buildings on the 
map, counting the number of road labels, and measur-
ing the east-west distance of the map using the scale bar. 
These tasks did not require comparison between the refer-
ence and flood maps.

Collaborative assessment questions were both subjective and 
objective, with some asking participants, for example, to 
identify the proportion of buildings overlapped by flood 
zones, while others asked participants to explain their rea-
soning for choosing a map quadrant that would be best for 
establishing an emergency meeting point. The collaborative 
summary section asked participants to develop a written 
summary of their analysis with regard to how the mapped 
community could take steps to reduce their vulnerability 
to flood damage. These collaborative tasks required com-
paring both reference and flood maps against each other, 
as well as each collaborator consulting the other. There 
was no information that was available to one partner and 
withheld from the other.
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The post-collaboration evaluation asked participants to re-
port their confidence levels while completing various parts 
of the questionnaire, both by themselves and with their 
partner. This section used a Likert scale to measure confi-
dence and asked about each participant’s experience using 
the map as well as their experience working with a partner.

PARTICIPANTS

Blind participants were recruited through a nationwide 
email listserv maintained by the National Federation of 
the Blind, while sighted participants were recruited via 
postings to local listservs and message boards for the State 
College, Pennsylvania area. People who expressed interest 

were then paired with a partner based on mutual availabil-
ity. In all, 20 participants took part in the collaborative 
experiments: 10 blind and 10 sighted. One participant’s 
questionnaire was left unfinished, so their partner’s results 
were discarded as well, leaving 9 viable sets of results, or a 
total of 18 participant responses.

Participants were divided into two groups: one using maps 
of Pasadena, Texas, and the other using maps of Quincy, 
Massachusetts. These two locations were chosen because 
they offer a similar variety of features (buildings, roads, 
etc.) but in different configurations. This division was 
made in order to reduce any bias that may arise if only one 
location was represented in the maps.

TAC T I L E  M A P  D ES I G N
Design conventions for tactile maps do exist; 
however they are generally presented as guidelines for the 
broader category of tactile graphics, and not specifically 
maps. For the study presented here, conventions used to 
design the maps were drawn primarily from the Braille 
Authority of North America and the Canadian Braille 
Authority’s Guidelines and Standards for Tactile Graphics 
(2010) and Tactile Graphics by Polly Edman (1992). While 
both volumes include sections dedicated specifically to 
tactile maps, they do not present tactile maps as spatial in-
formation documents, and the conventions that are given 
exist primarily in the interest of legibility instead of artic-
ulating spatial data.

With that in mind, the maps I developed and used in this 
study were created through an iterative design process, in-
corporating guidelines from the above texts in addition to 
feedback from tactile graphics users, tactile graphics de-
sign professionals, and educators of B/ LV students, all of 
whom reviewed pre-testing drafts of the maps. Then, the 
maps were used as test stimuli for individually based ex-
periments, where participants worked with the maps alone 
(preprint available here). Early feedback from the indi-
vidual experiments, along with further input from tactile 
graphics design professionals, resulted in a second revision 
of the maps, which were used as stimuli for the collabora-
tive experiment sessions described in this paper.

When designing the maps, I made efforts to minimize my 
reliance on any technology with a relatively steep learn-
ing curve (I considered a 3D printer too complex for this 

study) or high initial costs (such as professional tactile 
graphics printers, which start at around $5,000 USD) 
in order to ensure that these maps, if widely distributed, 
would be printable in facilities that are not primarily set 
up to serve people with disabilities, or to produce any sort 
of specialized media. To that end, microcapsule paper was 
chosen as the printing medium for the maps. Also referred 
to as swell paper or swell-touch paper, this is a special type 
of paper with a layer of embedded chemicals that expand 
when exposed to heat past a certain temperature threshold. 
This threshold can be lowered by increasing the thermal 
conductivity of the paper, such as by applying ink with a 
high carbon content. Thus, when microcapsule paper with 
high-carbon ink is exposed to heat (by passing through a 
small device with a heat lamp called a “fuser,” which costs 
about $1,400 USD), the inked areas expand while the 
blank areas remain inert, resulting in a textured surface 
with edges that are well-defined enough to create readable 
braille cells (Figure 1). Studies have shown microcapsule 
paper to have high user satisfaction, durability, and tac-
tile-graphical f idelity (Brittell, Lobben, and Lawrence 
2018; Rowell and Ungar 2003).

Fortunately, typical consumer inkjet printer ink has a 
high enough carbon content to create functional micro-
capsule paper graphics, although using consumer-grade 
printers poses an issue as well: standard braille documents 
are usually 11 × 11.5 inches, and most home/office print-
ers are only able to accommodate up to 8.5 × 11-inch US 
letter-sized paper. In the interest of reducing the amount 
of specialized equipment that one must invest in to create 

https://www.researchgate.net/publication/368569828_Thematic_Tactile_Maps_for_Accessible_Flood_Mitigation_Planning_Design_and_Evaluation
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these maps, I chose to design the 
maps at a size of 8.5 × 11 inches. So 
while a typical FIRM (Figure 2) is 
meant to be printed on 24 × 36-
inch paper, the maps used in this 
study provide a much larger-scale 
representat ion.  Impor tant ly, 
there is a precedent for this scale 
change: FEMA also produces 
what they call FIRMettes (Figure 
3), which use the same data layers 
as a FIRM, but on a much larger 
scale and are sized to be printed on 
US letter-sized paper. FIRMettes 
served as the template for ini-
tial drafts of the tactile maps, but 
the layout was abandoned in later 
drafts.

Figure 2. A FIRM depicting flood risk for part of Suffolk County, Massachusetts. Orthoimagery is included in this FIRM but is not standard 
across all FIRMs, nor is any particular color scheme. Obtained from msc.fema.gov/portal.

Figure 1. Closeup of printed graphics on microcapsule paper.

http://msc.fema.gov/portal
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In subsequent designs, the layout template and road data 
layer came from TMAP, or Tactile Map Automated 
Production. This is a website (lighthouse-sf.org/tmap) 
developed by LightHouse for the Blind and Visually 
Impaired that creates on-demand tactile maps of a chosen 
area to be printed on microcapsule paper (Miele 2004). 
There are several advantages to using TMAP: (1) the map 
scale of 1:5,000 is fairly close to the scale of 1:6,000 used 
by FIRMettes, (2) maps are printable onto 8.5 × 11-inch 
paper, and (3) TMAP is being continuously improved, but 
is fairly well-established and reliable at this point (i.e., it is 
no longer research-grade software). TMAP maps include 
a tactile map along with a key on a separate page, along 
with versions of the map and key that use Latin script for 
sighted users.

Ultimately, study participants were provided with two 
maps: a “before” (reference) map that included roads, 
buildings, and hydrographic features, as well as an “after” 

Figure 3. A FIRMette showing flood risk for portions of the cities 
of Chelsea and Revere, Massachusetts. Obtained from msc.fema.
gov/portal.

Figure 4. Collaborative experiment map set for Quincy, 
Massachusetts. Top row: reference map and key with roads, 
buildings, and coastline marked. Bottom row: flood map and key 
with roads, coastline and flood zones marked. Note that these 
maps include non-critical typographic errors.

Figure 5. Collaborative experiment map set for Pasadena, Texas. 
Top row: reference map and key with roads, buildings and 
coastline marked. Bottom row: flood map and key with roads, 
coastline and flood zones marked. Note that these maps include 
non-critical typographic errors.

https://lighthouse-sf.org/tmap/
http://msc.fema.gov/portal
http://msc.fema.gov/portal


Cartographic Perspectives, Number 101 Multivalent Cartographic Accessibility – Cole | 33 

(thematic) map that superimposed flood extents (derived 
from actual flood extent data, but modified for this study) 
on top of building and road features. Two different loca-
tions were chosen to be mapped—Quincy, Massachusetts 
and Pasadena, Texas—due to the variety of building sizes 
road types that they offered, and their proximity to flood 
zones. The features in flood zones were obscured, but users 
could still reference the “before” map to see what changed. 

These two maps were supplemented with two correspond-
ing legends on separate pages, resulting in a packet of four 
ring-bound pages (Figures 4–5; 7). Each sighted partici-
pant received a PDF version of the tactile maps that the 
B/ LV participants received (Figure 6), with the only dif-
ferences being that all PDF text used the Latin alphabet 
rather than braille, and because less space was required, 
the keys were condensed to one page.

S T U DY  P R O C E D U R E
B/ LV participants were mailed a set of tactile 
maps while sighted participants were emailed a PDF of 
the tactile maps with the Latin alphabet replacing any 
braille text. I then called each pair of participants over the 
phone and began a conference call, allowing the three of 
us to speak to each other simultaneously. Participants then 
opened a link to an online questionnaire.

After joining the call, participants completed the first half 
of the questionnaire, then notified me when they were 

done, after which they began the collaborative portion. I 
gave them instructions for how to complete the collabora-
tive portion, but otherwise gave no guidance to the partic-
ipants except in the case of providing technical assistance. 
After the collaborative portion of the questionnaire was 
complete, participants then left the conference call and 
answered questions in private pertaining to their respec-
tive experiences with using the maps and, importantly, on 
working with their partner. Upon completion of the ques-
tionnaire, each participant was given $20.

Figure 6. Sighted participant map set for Quincy, Massachusetts. Figure 7. Printed Quincy and Pasadena maps, with flashlight used 
to emphasize symbol elevation.
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R ES U LT S

DEMOGRAPHICS

Some prevailing demographic themes were pres-
ent amongst participants (Tables 1 and 2). Most (>50%) 
participants in both B/ LV and sighted groups identified 
as female, most were younger than 45 years old, most were 
college-educated, and almost nobody had any previous 

experience with community disaster planning. Most of the 
B/ LV participants had spent all or nearly all of their lives 
as blind, and most of the sighted participants had little to 
no experience working with B/ LV people in the past. All 
of the B/ LV participants had at least some familiarity with 

Gender

Female Male Nonbinary

B/LV Participants 6 3 0

Sighted Participants 6 2 1

Age

18–24 25–34 35–44 45–54 55–64 65–74

B/LV Participants 2 2 3 0 1 1

Sighted Participants 1 2 4 1 1 0

Education

Associate's Bachelor's Graduate or professional

B/LV Participants 1 5 3

Sighted Participants 0 5 4

Have you ever participated in hazard mitigation planning for your community, or any other type of community emergency planning?

No
No, but I familiarized 
myself with the plan 
after it was completed

Yes, but only in a limited 
capacity

Yes, in a significant 
capacity

B/LV Participants 7 0 1 1

Sighted Participants 8 1 0 0

How much of your life have you been blind?

Less than a quarter of 
my life

More than a quarter of 
my life but less than half

More than half my life
All or nearly all of my 
life

B/LV Participants 0 1 0 8

Have you spent time with someone who is blind or severely visually impaired?

No, or only in passing
Yes, but a limited 
amount (partners on a 
short project)

Yes, a fair amount 
(casual friends, 
coworkers)

Yes, a significant amount 
(family, close friends)

Sighted Participants 7 1 1 0

Table 1. Demographic summary of participants.
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braille, but several expressed general reservations regard-
ing the use of tactile maps and graphics.

In the following elaboration of results, I largely don’t dis-
tinguish between the groups that worked with Quincy 
maps and the groups that worked with Pasadena maps. 
This is partly because there were no dramatic statistical 
variations between the two groups (nothing as striking as, 
for example, the Quincy group hypothetically answering 
the legibility questions 100% correctly and the Pasadena 
groups answering them 15% correctly), but also because 
the sample sizes are very small, thus any difference be-
tween the two groups could easily be attributable to indi-
vidual variation.

LEGIBI LITY

For blind participants, the results of legibility tasks were 
highly varied. When asked to count the number of build-
ings shown on the maps, answers ranged from 5 to 64 for 
the Quincy group (the correct answer was 59), and 2 to 
35 for the Pasadena group (the answer was 36). Similarly, 
when asked to use the scale bar to measure the east-west 
distance being represented by their map and to choose 
the correct answer from four options (both group’s maps 
used the same scale), participants chose response options 
between 800 and 1,250 for the Quincy group, and 128 
to 1,250 for the Pasadena group. The range of respons-
es given by sighted participants was much smaller: when 
counting buildings, the Quincy group answered between 
54 and 60, and the Pasadena group answered between 
26 and 35 (one participant’s answer was a single question 
mark). All sighted participants answered the scale bar 
question correctly.

When asked the identify the map quadrant with the 
highest building density, 3 out of 7 of the Quincy B/ LV 
participants gave a correct answer, and 3 out of 6 of the 
Pasadena participants were correct. Of the sighted partic-
ipants, 7 out of 7 in the Quincy group gave the correct 
answer, and 5 out of 6 in the Pasadena group. Nearly all 
B/ LV participants correctly identified the amount of space 
taken up in the maps by f lood zones, but answers were 
mixed for sighted participants.

COLLABORATIVE DECISION -MAKING

When working together, participants talked through each 
question with their partner while also recording their 

How comfortable are you with reading braille?

Not comfortable at all -

Slightly comfortable -

Somewhat comfortable -

Mostly comfortable 3

Extremely comfortable 6

What form of braille are you most comfortable with?

English Grade 1 -

English Grade 2 4

English Grade 3 -

Unified English Braille Code 1 2

Unified English Braille Code 2 3

Other (please specify) -

How confident do you feel while using tactile maps?

Not confident at all -

Slightly confident 1

Somewhat confident 3

Mostly confident 3

Extremely confident 2

How confident do you feel while using tactile graphics?

Not confident at all -

Slightly confident -

Somewhat confident 3

Mostly confident 3

Extremely confident 2

N/A 1

Table 2. Additional information from B/ LV participants.
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responses in the online questionnaire. The collaborative 
portion was recorded with their permission. What follows 
is a collection of themes that emerged from these sessions, 
including data from both Quincy and Pasadena groups.

Communication: Most participant pairs did not have any 
significant communication challenges, and several partic-
ipants explicitly noted that they had fun with the experi-
ment. Pairs tended to work in a truly collaborative fashion: 
neither the B/ LV nor sighted participants were more or 
less likely to “take charge” by dictating the pace of work, 
giving final approval for answers, or solving the majori-
ty of each problem. After coming to an initial conclusion 
for a question, participants would ask, “Does that sound 
right to you?” Or they would describe their own answer, 
then ask, “but what do you think?” Similarly, neither the 
B/ LV nor the sighted participants contributed any more 
or less information than their partners. This is to say that 
insights—or lack thereof—into what the maps represent-
ed were shared between partners. Often, if one participant 
had no insights to contribute, or was confused by the ques-
tion being posed, then their partner typically shared their 
sentiments.

Information: Even though most participants, both B/ LV 
and sighted, expressed a desire for more information to 
work with, every pair was nevertheless able to produce 
a set of proposed measures that the mapped community 
could take to further mitigate flood damage. Some par-
ticipant pairs would propose steps that did not reference 
data on the maps, like education and outreach campaigns, 
establishing a registry for disabled people, or establishing 
evacuation routes without referring to specific roads on 
the map. However, multiple responses did in fact use the 
maps to propose measures with specific spatial references, 
such as, “A meeting place could be established near [the] 
high density area in the southwest,” or “The building in 
the southeast should be accessible and used for a safe shel-
ter,” or “Create more routes to get from the west side of the 
map to the east side where there is less flooding.”

Outreach: Three participant pairs, in their suggestions for 
community mitigation steps, advocated for the distribu-
tion of similar maps to the community. One participant 
wrote, “Tactile maps like the ones we are using should 
be made available to community members who experi-
ence blindness or visual impairment as printed maps are 
made available to community members with sight.” Also, 

“having tactile maps available . . . for blind and visually 
impaired people to assess the safety/potential damage of 
[surrounding neighborhoods] would be helpful.” Five of 
the remaining pairs either simply recommended that the 
maps be improved/expanded, or they did not mention 
maps specifically but did advocate for some sort of geo-
spatial outreach. For example, participants suggested that 
“The community can help blind people or low vision peo-
ple become more acquainted with their area or the geo-
graphical make up of streets and neighborhoods,” or “All 
the [property owners] need to disclose to their buyers/
renters that they are within a flood zone.”

Assistance: Sighted participants had a somewhat better 
grasp on what the maps represented in terms of identifi-
cation and location of features. This is reflected in their 
responses to the legibility questions, but it also held true 
during the collaborative portion. However, if B/ LV par-
ticipants were unclear as to the identity of a feature, their 
sighted partner would assist them, and afterwards the 
B/ LV participant was able to generate insights about that 
feature.

CONFIDENCE ASSESSMENT

Following the collaborative tasks, both B/ LV and sight-
ed participants were asked to give several ratings of their 
confidence while performing these tasks, using a 5-point 
Likert scale (Figure 7), with a rating of 1 representing 
“Not at all confident” and 5 representing “Extremely con-
fident.” Overall, confidence ratings were largely medi-
um-to-high, and the average confidence ratings of B/ LV 
participants were on the whole higher than the sighted 
participants. In fact, several questions saw B/ LV partic-
ipants give an average rating over 4.0, while none of the 
sighted participants did (though none of them were below 
3.0 either). All participants expressed the lowest amount 
of confidence in response to the question, “How confident 
did you feel while using the two maps to complete tasks?” 
Second-lowest, for both groups, was their confidence in 
other blind people being able to easily use the maps.

On the other end of the spectrum, B/ LV participants ex-
pressed the most confidence in learning the meanings of 
symbols on the maps and in answering questions with a 
sighted collaborator. Sighted participants had the high-
est confidence ratings for learning the symbols as well, in 
addition to using the maps to analyze flood risk. When 



Cartographic Perspectives, Number 101 Multivalent Cartographic Accessibility – Cole | 37 

asked what sort of partner each participant would prefer 
to work with, most participants chose “With any partner,” 
although the second-most popular response for each group 

was “With a blind partner.” Overall, no striking differenc-
es were present between the Quincy and Pasadena groups: 
both total average confidence scores were identical.

D I S C U S S I O N
The results of this study strongly suggest that tac-
tile flood maps are indeed worthy of further development 
and investigation. Both Goal 1 and Goal 2 were met, with 
some caveats. In the following, I elaborate on these deter-
minations as they relate to the study findings.

GOAL 1 (CAN EXISTING RESOURCES BE 
USED TO CREATE ACCESSIBLE FLOOD 
MAPS?)

Participants reported the lowest average confidence rat-
ings for the first question asked of them: “How confident 

Figure 8. B/ LV responses to confidence questions, in descending order according to average reported confidence.
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did you feel while using the two maps to complete tasks?” 
Signif icantly, though, their confidence was not nega-
tive—i.e., lower than 2.5. There are a number of possible 
reasons for this low confidence: (1) simple acquiescence 
bias, which was accounted for in the survey design but 
may be present regardless; (2) the question is the vaguest, 
and thus most likely to elicit the most neutral response; 
(3) the question was asked first, so participants did not yet 
have a clear idea as to what sorts of responses were being 
requested of them; or (4) the notion of “completing a task” 
does not imply any specific goal, and as a result partici-
pants may have a more difficult time making an evaluative 
judgement.

Also noteworthy is the discrepancy between how accu-
rately participants answered legibility-based questions and 
their reported confidence in answering those questions. 
Specifically: as mentioned earlier, B/ LV participants were 
asked to count the number of buildings on their map, and 
some were off by a factor of more than 15. The same was 
true when asked to measure the map using the scale bar 
(the east-west length of the map was 1,250 feet, but some 
participants answered that it was 280 feet). However, 
those same participants also reported high confidence rat-
ings regarding learning map symbology.

This study is not designed to identify an explanation for 
the confidence/performance discrepancy, especially given 
that the relationship between the two variables is, at best, 
highly contingent (Moore and Healy 2008), but it is worth 
noting that while the maps on their own were, at least for 
this study’s participants, unable to provide enough infor-
mation to be used without external assistance, this issue 
largely dissipated in the collaborative portion, once the 
B/ LV participants were able to check their answers with 
a partner. Given that fewer than half of the B/ LV par-
ticipants answered legibility questions correctly, or were 
very close to doing so, the results seem to suggest that any 
partner—B/ LV or sighted—is much better than none at 
all.

GOAL 2 (CAN ACCESSIBLE FLOOD MAPS 
FOSTER COLLABORATION BETWEEN B/ LV 
AND SIGHTED COMMUNITY MEMBERS?)

To reiterate some of the circumstances under which this 
study occurred: most B/ LV participants had little or no 

experience with disaster planning, tactile maps, or even 
tactile graphics; most of the sighted participants had lit-
tle or no experience with disaster planning and none had 
worked with B/ LV people in any capacity previously. And 
yet, in spite of this almost complete lack of experience 
with the central elements of this study, participant pairs, 
with very few exceptions, were able to answer questions in 
this study without any major breakdowns in communica-
tion or fundamental disagreements over their interpreta-
tions of the maps.

This could simply be due to the fact that people are like-
ly to cooperate when they stand to benefit from working 
together, even when the costs of cooperating outweigh 
the potential benefits (Jordan et al. 2016). In the case of 
this study, the participants were instructed (repeatedly) to 
work together, were given an incentive of $20 to finish the 
study by working together, and no significant penalty was 
levied for not doing so, except perhaps the consumption 
of time. This would, at the very least, suggest that tactile 
flood maps do not hinder cooperation. Indeed, B/ LV par-
ticipants reported that they were much more confident in 
answering questions knowing that their partner was using 
a visual version of their maps. One participant said on the 
phone, “when I was working with [my partner] it start-
ed making more sense . . . versus when I was looking at it 
alone.” Their partner agreed, “Definitely. Yes, definitely.”

In sum, this study’s B/ LV participants were able to use 
even the limited information available to them, de-
spite their lack of previous experience, to perform some 
basic spatial analysis with their partners and come to 
agreed-upon conclusions. Despite the maps being radically 
redesigned in comparison to the original FIRMs, B/ LV 
participants were able to contribute to a simulation of a 
process that, while meant to engage the entirety of a com-
munity, currently does not provide them a viable means 
of participation for any portion involving spatial analysis. 
One B/ LV participant said on the phone that the maps 
were “very well put-together, just really fancy. I think that 
we’re so used to seeing rudimentary maps.” Natural haz-
ard mitigation planning does not currently include tactile 
maps a matter of course. However, this study demon-
strates that the collaborative potential of even very simple 
maps warrants further investigation.
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L I M I TAT I O N S  A N D  P O S S I B I L I T I E S  F O R  F U T U R E  R ES E A R C H

BRAILLE

In terms of braille literacy, this study’s partici-
pants were less representative of the general B/ LV popu-
lation than they could have been. Recruitment advertise-
ments for this study listed a requirement of at least some 
braille literacy, and thus every B/ LV participant reported 
that they were at least “mostly comfortable” with reading 
braille. This is in stark contrast with national braille litera-
cy statistics: as of 2009, as many as 90% of the legally blind 
people residing in the United States cannot read braille 
(National Federation of the Blind 2009), and although 
this exact figure is questioned, the consensus remains that 
braille is not taught or learned as widely as it could be with 
additional research and support (Graves 2018).

SAMPLE SIZE AND COLLABORATION

The number of participants in this study was limited due 
in part to the challenges associated with coordinating the 
schedules of three different people simultaneously for each 
session. Future research would likely benefit from a larger 
sample size in order to reach thematic saturation (Guest, 
Namey, and Chen 2020) and draw more substantive con-
nections between the qualitative and quantitative results. 
Additionally, a real-world NHMP scenario would typical-
ly entail working with a large group of people, all of whom 
will have the capacity to influence a user’s reading of the 
tactile map. It is also possible that, in a group with more 
people who have worked with B/ LV individuals in the 
past, or in a group with more B/ LV individuals, or both, 
the outcomes may have changed.

KNOWLEDGE AUGMENTATION

Some B/ LV and sighted participants expressed confusion 
or even frustration with the amount of information being 
provided by the maps, compared to the amount of infor-
mation that they felt was necessary to answer certain ques-
tions. As discussed earlier, the choice to give participants 
maps of communities that they were unfamiliar with was a 
deliberate one in order to help ensure that study results fo-
cused on the maps themselves. However, the ultimate goal 
of this research is to develop means by which people with 
disabilities can contribute insights, perspectives, and ex-
pertise to the NHMP process, all of which would help to 
augment any limitations imposed by the tactile format and 

in the absence of additional modalities (Golledge 2005), 
so it would follow that research should examine that pro-
cess of knowledge contribution. Future experiments could 
also examine the impact of additional modalities such as, 
for instance, the addition of alt text to be used alongside a 
tactile map.

Additionally, sighted participants in a real-world sce-
nario would have access to full FIRMs and other maps. 
Simplified tactile maps and their Latin script equivalents 
were used here to reduce the number of overall variables 
under consideration, but future research will need to ad-
dress the interactions between collaborators using visual 
FIRMs alongside those using tactile FIRMs, or other vi-
sual maps alongside their tactile equivalents.

DOMAIN EXPERTISE

The dynamics of flooding were noted to be confusing to 
certain participants. This is unsurprising given that flood-
ing is indeed a complex phenomenon, and few partici-
pants had any previous experience with disaster planning. 
Indeed, FEMA supplies 116 information packets for those 
working to create NHMPs, such as guidance specifical-
ly regarding coastal structures, or for analyzing overland 
wave propagation. While this study gave participants a 
very broad overview of the flooding dynamics that they 
would be analyzing in their maps, future studies on the 
topics presented here could give participants additional in-
formation on flood dynamics and/or more time to learn 
this information, or even the chance to practice f lood 
analysis.

PERSONAL INVESTMENT

Because the maps that were used by participants did not 
actually represent the communities that they live in, the 
participants did not necessarily have anything at stake per-
sonally that might have influenced their decision making. 
While outside experts may be called upon to work on re-
al-world NHMPs, most people involved will be local offi-
cials, stakeholders and other residents (Federal Emergency 
Management Agency 2013), meaning that the people 
working with flood maps will have personal investments 
(financial, emotional, political, etc.) in whatever is being 
represented on the maps, almost certainly inf luencing 
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their decision-making calculus. An experiment similar to 
what is described in this paper, wherein participants are 
given maps of their own communities—perhaps gamified 

so that the outcomes of their plans would be consequential 
in some regard—could prove to be highly generative.

CO N C L U S I O N
The fact that participants had relatively low 
confidence in other B/ LV people being able to use these 
maps suggests that further research should be conducted 
not in symbol legibility, but symbol learning. Theoretical 
frameworks for map use and cartographic communica-
tion, especially DiBiase’s “swoopy” diagram (1990), or 
MacEachren’s “cartography cubed” diagram (1995), have 
become extremely inf luential in cartographic scholar-
ship (Çöltekin, Janetzko, and Fabrikant 2018), but these 
frameworks assume a visual mode of interaction. It may 
be possible to reconfigure them simply by removing any 
instances of the word “visual” given that the remaining el-
ements (exploration, synthesis, interaction, etc.) certainly 
remain pertinent to tactile map use. Future research could 
investigate how models of visual map use apply (or do not 
apply) to tactile map use, potentially generating frame-
works specific to tactile map use. As of now, we simply do 
not know.

So how do B/ LV map users acquire, process, and deploy 
knowledge about tactile maps? For visual maps, Roth 
(2012) summarizes and synthesizes a set of cartographic 
interaction primitives, meant to taxonomize the ways in 
which people interact with maps—for example, “iden-
tify,” or “compare,” or “correlate.” Semi-equivalent work 
does exist for non-visual maps, especially by the team of 
Simon Ungar, Mark Blades, and Christopher Spencer 

(e.g., Ungar et al. 1997; Ungar, Blades, and Spencer 1997; 
Ungar, Blades, and Spencer 2002), which provides a sub-
stantive foundation for future research. What the study 
described in this paper contributes to this earlier work is 
the addition of thematic spatial data as well as a collabora-
tive context.

In addition to better understanding spatial learning 
through tactile media, we may well benefit from a “multi-
valent” approach to accessible tactile cartography research, 
as was done in this study, given that the resources need-
ed for accessing and producing tactile maps are still very 
much constrained by a number of social, political, and lo-
gistical factors (compared to equivalent visual maps which 
are more or less unburdened by any significant barriers to 
access).

Ensuring the autonomy of B/ LV individuals remains a 
worthwhile goal, and better understanding how tactile 
maps are used can aid in pursuit of that goal. There are so 
many instances in which maps serve as the focal point of 
a communal event, whether it’s readying a community for 
the next natural hazard, designating a wildlife preserve, 
or building a house. This study demonstrates that tactile 
maps likewise have this capacity to bring people together, 
especially those that may otherwise be left out.
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