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ABSTRACT
Touchscreen devices (e.g., smartphones, tablets) are a major means
of accessing digital resources. However, touchscreen accessibility
remains a challenge for users with visual impairments. Mainstream
solutions implicitly favor a sequential navigation of digital information. This precludes users from enjoying the advantages of well
laid-out, visually-structured documents, especially for certain tasks
(e.g., text navigation). In this paper, we introduce tactile sheets—
engraved paper sheets that represent the layout of a specific page
and that are used as an overlay on a capacitive touchscreen device.
Via engraved tactile patterns and textures, users can locate and discriminate different content areas, navigate the spatially-distributed
content non-sequentially and access speech feedback with gestures.
We report a comparative study with nine visually-impaired users
that investigates the technical feasibility and the usability of this
approach. Specifically, we compared a mainstream screen reader
and two different types of tactile sheets. A similar level of usability is achieved between conditions. Also, participants’ qualitative
feedback provides strong arguments for the use of tactile pattern
overlays. Finally, we introduce a processing pipeline for automatically create tactile sheets based on an existing e-book.

Figure 1: A visually-impaired participant using tactile sheets
with textured engravings on a tablet computer.

1

CCS CONCEPTS

INTRODUCTION

Since the advent of writing, humans have exploited text layout
as the primary means of accessing a document. Visual features—
such as white space, spatial arrangements of text blocks on the
page, or font weight—provide ready access to a document’s logical
structure and, hence, improve text comprehension and memory for
previously accessed content [5, 10, 12]. For example, Cataldo and
Oakhill found that comprehension correlated with the quality of
one’s mental representation of a text’s spatial layout [5].
Unfortunately, the visually impaired do not have comparable
access to the layout of documents [2]. To date, Braille line readers
and Text-To-Speech (TTS) are the most common technologies for
accessing documents. They linearize text, whereby spatial markers
of logical structure are either entirely removed or recoded into
markup elements. While perceived as being a minor inconvenience
for leisurely reading. The lack of spatial structures is expected to
strongly impede activities such as document skimming, revising for
a test, memorizing, understanding concepts, and text comparison.
The present research addresses this problem with an hybrid
approach that combines a low-tech overlay for touchscreen displays (simple paper sheets with a structured, laser-engraved surface,
which we term tactile sheets) with a random access screen reader,
i.e., a screen reader that plays the text beneath the position that the
user touches (see Figure 1). Physical overlays have been used to
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improve accessibility several use cases that, similar to reading comprehension, profit from distributing information across space. These
include 3D-printed buttons that align with flat digital keyboards on
appliances (e.g., microwaves) [7], 3D-printed outlines to facilitate
the exploration of infographics [8] and interactive maps [6], or to
guide readers’ fingertips from one line to the next on an e-book
reader [2], paper overlays with cutouts to indicate the location of
interactive elements of a digital MP3 player [11], or acrylic overlays
with cutouts to position one’s fingers on a digital keyboard on an
interactive tabletop [9]. Therefore, there is considerable potential
in providing spatial information of text documents via overlays.
Our approach is best suited for documents with stationary layouts, which continue to be widely available, e.g., scientific publications available only in pdf-format, academic textbooks that
publishers might provide in a digitized format with the original
layout preserved. Even scrollable webpages can profit from our
approach, for instance when web content is downloaded as a pdf
for off-line reading or for webpages with a highly-standardized
layout (e.g., YouTube).
The following scenario illustrates our approach: Max, who is
visually impaired, finds it challenging to understand the structure of
documents. With tactile sheets, he can overcome this problem. The
new history textbook is available for all students as a physical book
and an e-book. In addition, visually impaired users are provided with
tactile sheets for the book. Specifically, a folder accompanies the book
that contains a tactile sheet for every page in the book. When studying,
Max takes the tactile sheet of the page he wants to read and puts it
on top of the e-book version on his iPad (see Figure 2). Now he can
explore the document structure through the engravings on the sheet
and selectively access the desired content, such as special definitions in
a sidebar, through audio playback. Once he finishes a page, he takes
the next tactile sheet and turns the page in the e-book. With this, Max
can easily explore the pages, jump back and forth between sections,
and rely on spatial memory to remember where desired information
might be.
In the present paper, we report a study that investigated whether
tactile sheets can support the exploration of digital documents. Our
research makes the following contributions: (1) the novel concept of
tactile sheets as a means for providing low-cost access to document
structure and layout to visually impaired people, (2) an implementation of this concept to demonstrate the technical feasibility, and
(3) a study with 9 visually impaired users that demonstrates the
usability and value of this concept.

2

Figure 2: Illustration of the envisioned scenario. (1) One tactile sheet on the iPad, (2) a physical book, and (3) a folder
with the tactile sheets.

be replaced by a tactile animation. Until such a time, we present a
bridging solution that relies on tactile sheets and current devices.
The proliferation of publicly-accessible fab labs is likely to render
tactile sheets cost-efficient. Tactile sheets can also be produced
in larger numbers by the publisher of reading material (e.g., as
supplements to textbooks), or at a school with a high percentage of
visually-impaired individuals.
Currently, we only provide placeholders for graphical content
with figure captions converted to audio tags. We envision that future implementations combine tactile representations of the figure
content as well as spoken descriptions.

3

TECHNICAL FEASIBILITY AND USABILITY
STUDY

Participants. Via the local Association for Visually Impaired People, we recruited nine voluntary participants (4 female; age range:
32–74 years, M=51.4, SD=11.5). Eight were completely blind and
one severe visually impaired, according to WHO classification. All
participants reported at least occasional use of mainstream touchscreen devices (e.g., smartphones).
Stimuli, Apparatus, and Procedure. The study consisted of
three exploration conditions to evaluate whether users could profit
from the use of tactile sheets. The first condition resembles the
method of accessing touchscreen content as currently used by most
visually-impaired users, namely document exploration using only
an Auditory Screen Reader (ASR). This serves as our control condition. In our implementation, the user taps the touchscreen to
activate the ASR, which reads the digital content of the document
element at the tapped location. For this, documents were segmented
into their elements titles, subtitles, paragraphs and pictures. There
are no additional tactile cues. Figure 3 (left) displays an original
visual layout used in the study, Figure 3 (middle) the segmentation
of the GUI.

IDEA AND CONCEPT OF TACTILE SHEETS

The basic idea of tactile sheets is to use a simple engraved paper
on top of a touch screen to allow access to a document’s layout.
The engraving is a simplified and abstracted representation of the
layout of a physical page or digital document, see Figure 2. On a
capacitive touchscreen, a tactile sheet will still allow for the tablet to
recognize user interactions, such as taps and swipes. Concurrently,
the user receives tactile feedback about the layout and can navigate
quicker within a page.
The following addresses the technical feasibility and usability of
this approach. Once touchscreen surfaces that change their physical
and tactile properties are available to consumers, tactile sheets could
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While we strongly believe that access to the spatial layout will
improve text comprehension and aid navigation through the document, these improvements are likely to measurable only after
extensive familiarization with the new concept of “layout”—when
we piloted a first prototype with two participants, it became clear
from their verbalizations and observed behavior that they invested
significant time and cognitive resources on exploring the novel
layouts. Since our main goal was to obtain an initial evaluation of
the usability and perceived usefulness of using overlays to communicate document layout to visually-impaired individuals, we
restricted data collection to SUS scores and qualitative feedback.

Figure 3: Left - Visual layout without tactile sheets. Middle
- Tactile sheet corresponding to the visual layout with uniform engravings. Right - Tactile sheet with textured engravings.

4

RESULTS

Quantitative analysis - SUS ratings. The prototype with the
textured engravings received the highest mean scores (M=79.7,
SD=7.1), followed by the ASR-only prototype (M=77.5, SD=6.5), and
the uniform engravings prototype (M=75.5, SD=6.5). Overall, this
indicates good usability of all prototypes. To investigate whether
usability differed between prototypes, we conducted a repeatedmeasures analysis of variance on participants’ SUS scores. The
result suggests that adding engraved overlays does not lead to a
significant decrease in participants’ ratings compared to the stateof-the-art prototype (F(2, 16)=1.72, p=0.21).
Qualitative analysis. We conducted a semi-structured interview with the participants, in which we asked them for comparative
evaluations of the mainstream access solution for touchscreen interfaces and the tactile approach employed in our study. They were
also queried on the advantages and disadvantages of using texture
patterns and ASR compared to normal braille text. Lastly, they
also commented on possible further applications of the approach
presented. These themes will be discussed in the following.
All participants mentioned the large improvement that additional
tactile elements offered for document navigation, compared to the
mainstream smooth touchscreen interfaces. While some participants were aware of features that were built into their touchscreen
devices, specifically those that allow access to single document
elements, they also mentioned that they hardly use these features.
Participants 3 and 7 commented that it is possible to determine
the position of text elements on a touchscreen interface. However,
they only tried it a few times before ignoring that option (e.g. P1:
"finding something in particular on my cell phone screen can take me
a while because I need to go item by item". P7: "I like tablets because
they are more comfortable to explore by hand. However, mainstream
screen readers just allow [me] to navigate in a linear way". P2: "In IOS
you can explore the position of paragraphs on websites, but honestly
I don’t use that feature because my phone is too small to explore
comfortably".).
While Braille provides the possibility to access documents with
the tactile sense, all participants remarked that Braille typically
carries little to no information about the layout of documents. For
instance, P1 mentioned that "With braille I can read immediately, but
I don’t have a good idea about the layout or organization of the things
I read.". All participants were aware that the visual layout typically
reflects the logical structure of documents. Importantly, having
access to the layout allows for faster and more flexible browsing
of documents. P6 commented that she likes "the possibility to read

The second condition uses ASR and a paper overlay on top of the
touchscreen, i.e., a sheet of paper with laser-cut engravings in the
form of uniform rectangular depressions (see Figure 3 (middle)). The
engraved rectangles are spatially superimposed on the document
elements of the visual GUI. By tapping one of the overlay rectangles,
the corresponding document element can be accessed via ASR.
The third condition also uses ASR and a paper overlay with
engravings. However, engravings are not uniform but textured to
allow tactile differentiation between the document elements titles,
subtitles, paragraphs and images (see Figure 3, right). We used
the following textures, respectively: (1) an array of 0.5 mm radius
circles with 1 mm of separation, (2) vertical lines with 1.5 mm of
thickness and 2 mm of separation, (3) horizontal lines with 1.5 mm
of thickness and 2 mm of separation, (4) an array of 3 mm by 5
mm rectangles with a 0.5 mm of separation. These parameters were
chosen because previous work identified them to be optimal in
terms of texture recognizability and discriminability [13].
We used an Odys Fusion tablet with a display diagonal of 29.5
cm. The interface was implemented by a standard Windows Forms
environment where each representation of a document’s element is
a Windows Form button. The element content is provided by a static
audio file, which can be played, stopped, and resumed by screen
tapping. The corresponding text content is transformed into audio
with a Text-To-Speech online service [4] with a fixed speed of 100
words/minute. For images, we used manually generated descriptor
texts. The overlay stimuli were engraved on a sheet of 160 grams
A4 paper by a laser cutter [3].
The experiment started with a 3 min familiarization phase on a
model text document, wherein participants were acquainted with
the different patterns as well as the simple tap to activate the interactive elements and to familiar themselves with the speech output.
Next, each participant was presented with the three different exploration conditions in pseudo-randomized order. In each condition,
the participant freely explored two documents of two pages each
for an overall duration of 10 to 15 minutes, followed by a rating of
the interface using the System Usability Scale (SUS) questionnaire
[1]. Once the participant completed all conditions, we conducted a
semi-structured interview, where we encouraged the participants
to comment on their experiences and provide a comparative evaluation of the three different interfaces.
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and a page is laser cut, where the tactile textures are engraved. For
easier filing, The page number can be displayed in Braille on the
bottom right page corner.

each block separately, I can read a bit of it, and if it is not interesting
I stop it and I can go to the next. It is faster.". While skimming from
paragraph to paragraph is also available in ASR, tactile layout
information also allows for non-linear exploration. Participants
1, 2, 3, 6 and 7 commented that the tactile patterns approach is
very useful to access information in a segmented way. These same
participants also remarked that it was very practical to use texture to
identify different types of elements by touch only, i.e., without using
additional gestures or hotkeys. Participants 1, 4, 7 and 8 suggested
that the access to content could be improved even further if the
user can get an auditory summative preview of the content when
the fingertip slides over the desired tactile element.
Participants made several suggestions on how tactile patterns
could be employed besides document exploration. All participants
were particularly enthused by the idea of using this approach to access the content of table cells (e.g. P2: "On the phone or the computer
to read tables is very hard. I would like to have some tactile element
to read tables." ; P9: "Have you read a braille table? They are big and
hard to read. I really would like to have something like these tactile
blocks to read cells content."). Participants 2, 3, 4 and 7 suggested
representing elements on presentation slides since these are mainly
visual and access to their content continues to be challenging.
Other popular suggestions were to use textures to indicate different elements on tactile indoor or outdoor maps (Participants 1,
2, 3, 4, 7, 8 and 9). For instance, P3 remarked that it "Should be very
interesting to have a map of the city or of a mall with tactile relief on
paper which I can explore in the same way as your approach.". Lastly,
several participants (P1, 5, 7 and 9) commented on the possibility
to represent mathematical material through textures, in particular elements that profit from spatial layout, including equations,
algorithmic charts and graphics.

This work explored a novel and cost-efficient way to enable visuallyimpaired individuals access to the visual layout of digital documents
with a stationary layout. For this, we developed two types of engraved paper overlays that can be placed on a capacitive touch
screen device such that the engravings spatially aligned with targeted document elements. The first consisted of uniform rectangular
depressions representing major document elements, and the second
of differentiated tactile patterns, one for each type of major document element. In a user study with 9 visually impaired participants,
we compared these prototypes with a state-of-the-art screen reader
modality where the user activates auditory feedback without any
tactile interaction. We collected SUS questionnaire ratings to assess
the usability of each condition. In addition, we gathered qualitative
feedback related to the proposed interaction model.
Quantitative results provided by the SUS showed that the level of
usability and acceptance of the tactile sheet approach is similar to
that of the state-of-the-art ASR condition. The qualitative feedback
revealed that participants reacted very positively to the possibility
of having access to the spatial layout of a document’s elements.
They remarked that it offered them the ability to browse through
documents faster and in a non-linear fashion. Differentiating elements through different tactile textures was also appreciated as it
served as a mini-preview of what to expect at a certain location,
helped to related those elements with their position on in the digital
document and thus supported building an internal representation
of the document’s logical structure.
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APPENDIX

Figure 4: The pipeline described in Section 6 to automatically create tactile sheets.
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