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Who we are 
 

SIGACCESS is a special interest group of 
ACM. The SIGACCESS Newsletter is a regular 
online publication of SIGACCESS. We 
encourage a wide variety of contributions, 
such as: letters to the editor, technical 

papers, short reports, reviews of papers of 
products, abstracts, book reviews, 
conference reports and/or announcements, 
interesting web page URLs, local activity 
reports, etc. Actually, we solicit almost 
anything of interest to our readers.  
 
Notice to Contributing Authors to SIG 
Newsletters : 
 
By submitting your article for distribution in 
this Special Interest Group publication, you 
hereby grant to ACM the following non-
exclusive, perpetual, worldwide rights:  
• to publish in print on condition of 
acceptance by the editor  
• to digitize and post your article in the 
electronic version of this publication  
• to include the article in the ACM Digital 
Library and in any Digital Library related 
services  
• to allow users to make a personal copy of 
the article for noncommercial, educational 
or research purposes  
 
However, as a contributing author, you 
retain copyright to your article and ACM will 
refer requests for republication directly to 
you.  
 
Deadlines will be announced through 
relevant mailing lists one month before 
publication dates. We encourage 
submissions as word-processor files, text files, 
or e-mail. Postscript or PDF files may be used 
if layout is important. Ask the editor if in 
doubt.  
 

Finally, you may publish your work here 
before submitting it elsewhere. We are a 
very informal forum for sharing ideas with 
others who have common interests. Anyone 
interested in editing a special issue on an 
appropriate topic should contact the editor. 
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Abstract 
Touch It, Key It, Speak It (Tikisi) is a software framework for accessible exploration of 
graphical information by vision impaired users. Multimodal input to Tikisi is through 
multitouch gestures, keystrokes, and spoken commands; output is generated speech. The 
key insight in Tikisi is the decoupling of input and output resolutions achieved by a virtual, 
variable-resolution grid overlaid on an application, which supports touch-based 
exploration of graphics at different levels of granularity. Using Tikisi For Maps, a vision 
impaired user can run a finger over a geographical map and issue commands to center, 
rescale, or zoom the map; to go to specific locations such as cities or states; to find 
features such as water/land boundaries; and to summarize contextual spatial information 
at a location. In this paper we describe the architecture and implementation of Tikisi and 
the capabilities of Tikisi For Maps. We discuss the results of a preliminary formative usability 
study carried out on the use of the system.  
 
1  Introduction 
Person(s) with vision impairment (PWVI) face hurdles in gaining access to everyday 
graphical information that sighted people use. Consider how easy it is for a sighted person 
to find out, by looking at a map, the countries in western Europe, the U.S. states that 
border Canada, or the spatial relationship between the cities of Raleigh, NC, and 
Richmond, VA. While computer technology exists to make some specialized kinds of 
graphical information accessible to PWVI, no approach yet exists to solve this problem in 
general. 

Tikisi is designed to meet this challenge. Tikisi facilitates a multimodal experience for 
interacting with graphical information presented on a touch screen. Tikisi offers a PWVI the 
ability to explore graphical information through the multiple modalities of touch, 
keyboard, and voice input. Tikisi For Maps, in particular, utilizes domain knowledge about 
maps to provide the appropriate layer of semantics so that a PWVI may have seamless 
and intuitive access to digital maps (namely, Google Maps). 

The user experience of Tikisi For Maps is as follows. The user launches the application 
and is presented with a map. A spoken status message indicates that the system is ready. 
The user can touch anywhere on the map to hear what that country, state, city, road, or 
even specific address is, and can also zoom in and out on the map. The user can instruct 
the system by voice to navigate anywhere on the planet, such as, “Take me to 
Germany.” The system will respond by centering the location of “Germany” on the 
screen. The user can slide or tap their finger anywhere on the screen to hear which place 
is displayed at that location, and the system will respond with output appropriate for the 
given zoom level. The Tikisi framework provides a discretization grid (explained in Section 
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4) that allows the user to choose the specific resolution level for exploration. 
This work offers two contributions. The first is the Tikisi framework itself, which provides an 

eyes-free interface to graphical information. The main novelty in the design of Tikisi is its 
separation of input resolution (the resolution of spatial information produced by touch 
input) from output resolution. 

The second contribution is the application Tikisi For Maps. This instantiation of the 
framework exercises the design decisions needed to solve the problem of offering PWVI 
access to maps. 

The rest of the paper is organized as follows. In Section 2, we motivate the work with 
respect to pedagogical and societal benefits. In Section 3, we describe related work in 
the area. Section 4 contains a detailed description of the system. Results from a 
preliminary formative evaluation are presented in Section 5. In Section 6 we discuss 
current advantages, current limitations, and future work. 

 
2  Motivation 
The lack of access by PWVI to graphical information can be seen most compellingly in an 
educational context. Graphical information is fundamental in science, technology, 
engineering, and math (STEM), but is also needed beyond the STEM disciplines. 
Schoolchildren learn about the world with maps in geography and social studies classes; 
map reading skills have been part of elementary school education in the U.S. since the 
1950s [19]. Maps can even be found in literature—the reader of a typical print edition of 
The Lord of the Rings, for example, will encounter a map before any text. 

One of our main interests is in STEM education, however, in part because the 
percentage of the population that are PWVI in STEM disciplines is extremely low. 
According to a composite analysis from the American Foundation for the Blind (AFB) of 
data from the U.S. Department of Education, Digest of Education Statistics, APH, National 
Deaf-Blind Child Count, and the National Plan to Train Personnel in Blindness and Low 
Vision, the percentage of the population classified as PWVI between the ages of 3 and 21 
is between 0.1% and 0.3% [6]. 

If one uses the most recent number of 0.3% for the number of PWVI between the ages 
of 3 and 21, and then compares this number against the 0.06% of PHDs in STEM who 
identify as PWVI, a five-fold drop off is observed [15]. In 2008, just 20 Ph.D.s out of 32,847 
were awarded to PWVI [15]. 
 
3  Related Work 
Making touch screens accessible to PWVI is an area of active research. Tactile overlays 
are one popular approach to facilitating access to touch screen interfaces. Systems such 
as Touch ’n’ Talk [8], Slate Talker [1], and Talking Tactile Tablet [14] are examples of this 
approach.  

The work of Brock et al. [4] is another example. They present a prototype system with 
some similarities to Tikisi For Maps, a multitouch-enabled multimodal map for the blind. 
Their system relies on a tangible overlay being placed on top of the multitouch screen. 
According to Brock et al., the system can’t effectively differentiate reading actions from 
selection actions, and can be confused by multiple finger touch gestures. 

Jacobson [10] reviews the state of the art in augmented tactile maps, in 2004, and 
finds that the addition of audio to a tactile map experience is a definite improvement. 
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Due to the rarity of multitouch technology at the time, Jacobson turns to monotouch 
tangible overlays, with audio as an augmentation of the tactile map experience. 
Jacobson also points out the difficulty in adding Braille labels to tactile maps. He presents 
results from a pilot study involving a multimodal map for the blind. Additional work on 
tactile maps, augmented or otherwise, has been carried out by Siekierska et al. [20] and 
Perkins and Gardiner [18]. 

Aside from approaches involving sonification and tactile embossed graphics, only a 
few systems have been developed to provide access to graphical information through a 
conventional, unmodified touch screen. SlideRule [12] is one example of a system that 
facilitates touch access to dynamic and rich information. Even in the case of SlideRule, 
however, a user interface is made accessible to the PWVI, but not graphical information 
such as a map. 

A recent approach due to Kane et al. [13] proposes access overlays as a solution. 
Kane et al.’s focus is on touch interfaces larger than mobile phones and small tablets. 

Multimodal interfaces are relevant to this work. Oviatt’s multimodal interactive 
maps [16] show that a speech-only interface to interactive maps has a high degree of 
performance difficulties, spontaneous disfluencies, and long task completion times [16]. 
All of these metrics improve once a multimodal interface is introduced. In addition to 
better performance, Oviatt reports the users preferring a multimodal interface over a 
unimodal one. 

Tikisi differs from the cited work in a few ways. It currently supports touch, keyboard, 
and speech input along with visual and speech output. Most commands can be entered 
using any input modality (Braille and haptic feedback remain for future work). Tikisi runs on 
a stock tablet and does not require a physical overlay. 

As a multimodal system, the Tikisi framework differs from the majority of research by 
concentrating on PWVI. One potential point of comparison is between Tikisi For Maps and 
other systems for multimodal interaction with maps, including Oviatt’s interactive maps 
and Bolt’s earlier work [3]. Some kinds of interactions are nearly universal across such 
systems, including Tikisi For Maps, such as commands of the form “Go here,” where a 
verbal utterance and a touched location combine to remove the ambiguities in each 
input taken by itself. Such interactions allow the user to convey information through 
multiple channels and (especially in the case of Tikisi/) receive that information back 
through multiple channels. Tikisi attempts to adhere to best practices for multimodal 
design [5, 17]. Nevertheless, Tikisi supports a different set of interactions—Tikisi is targeted at 
users with different functional limitations than typical sighted map users. 

At a more abstract level, Tikisi differs from systems such as SlideRule and Talking 
Fingertip in that it is designed for exploring graphical data rather than user interface 
components. The semantics of such data tends to differ across domains (e.g., maps are 
different from statistical charts, which are different from flowcharts). 
 
4   TIKISI 
The Tikisi framework consists of three conceptual layers of mapping functions. The 
individual components of Tikisi are decoupled from one another to support flexibility in 
distributing responsibilities to different software components as well as extensibility (e.g., 
the possibility of multiple device to device interaction). 

The three layers of functions that comprise Tikisi are 

 User inputs to actions,  
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 Actions to results, and  
 Results to outputs.  

The first set of mappings are not domain specific and abstract out the various 
modalities of touch, keyboard, or speech input. The second set of mappings are domain 
specific and consist of performing the required action, updating any internal state 
representations, and returning any results for presentation to the user. The third set of 
mappings then act upon these results (if results are produced), translating them into an 
appropriate form for the user. This third set of mappings is not strictly domain specific, but it 
is informed by the domain specific second layer.  

An example should clarify. Suppose that the user says the command, “Enlarge that.” In 
the first layer, the user input is an “Enlarge that” voice command. This is mapped to the 
“Zoom in” action. In the second layer, the “Zoom in” action is performed, internal state is 
updated, and the action is mapped to the resulting zoom level. In the third layer, this 
result of “Zoom level updated” maps to “Speech output”. At this point the user hears the 
new zoom level. A complete set of actions supported by Tikisi For Maps is shown in Table 4. 

It’s reasonable to ask about the visual zooming of the map—isn’t this an output as well?  
When the user says, “Enlarge that,” the speech recognition module responsible for 
speech input events handles this user input event. The module responsible for mapping 
user input to actions receives the user input message and translates it into the “Zoom in” 
command. The module responsible for translating commands to results receives this 
command and performs any necessary actions. Each of these actions, if there exists more 
than one, may have a result. If so, these results are fired as events. Simultaneously, the 
underlying model (Google Maps in Tikisi For Maps) has the opportunity to consume the 
“Zoom in” action and publish any results. These result messages are consumed by the 
module responsible for translating results to user facing output. Thus, the PWVI user hears 
the new zoom level and a sighted user sees the map zoom in. 

To return to the original question, Tikisi itself is not responsible for zooming in the map. 
That responsibility belongs to the underlying domain-specific model. The semantics of 
“Zoom in” were captured by Tikisi and expressed to the model by virtue of enclosing the 
model in a generalized module; however, it is not Tikisi/’s responsibility to perform any 
domain-specific actions because, in the case of maps, Tikisi is not a maps application. 
Tikisi is only a framework whereby user inputs through input modalities may be mapped to 
output modalities to improve access to graphical information for PWVI. This is not to say 
that Tikisi does not support graphical output; it does. However, the visual or graphical 
output from Tikisi is output specific to Tikisi/. Examples of such Tikisi specific outputs is a grid, 
highlighting, or overlay outputs. 

Interaction with an application built on Tikisi is through a variable-resolution grid. The 
size of a grid cell dictates the smallest selectable area at a given resolution (or scaling) 
level. This level can be increased or decreased independently in the horizontal and 
vertical directions. Such versatility allows the grid to match the characteristics of a specific 
map (or other information graphic). It might be square, or it might be elongated in either 
direction. For example, for exploring a city with regularly laid-out streets, square cells might 
be best, but for an island or state that is much larger in the east-west direction than north-
south, more vertical divisions might be more useful. 

The grid represents one of Tikisi/’s key insights, a separation between the input 
resolution and the output resolution of an interactive display. Because a PWVI does not 
depend on vision for targeted input actions, the output resolution of the display, whether 
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high or low, is not significant. This allows a user of Tikisi to explore graphical information at 
different resolution levels, dynamically changing the level to match his or her exploration 
goals. An arbitrarily high-resolution presentation becomes manageable in this way. For 
example, in exploring an unfamiliar map, a PWVI user initially sets the resolution to a 
comfortable level, such as a 10×10 grid, to gain an overview, and then either zooms in  or 
changes the grid resolution for more detail. Zooming and changing discretization, or grid, 
dimensions are two different tasks with different results. 

It is important to understand the user experience that Tikisi For Maps provides. When the 
user opens the application, it announces verbally that it is ready. At this point, the user 
may take a variety of actions, many of which are described and exemplified in the 
following subsections. 

   
Table 1: Actions in TIKISI For Maps 

 Action Description 
 Zoom In zooms in the map on current location’s position, announces new zoom level 

Zoom In General same as Zoom In but does not fix the current location 

Zoom Out zooms out the map on current location’s position, announces new zoom 
level 

Zoom Out General same as Zoom Out but does not fix the current location 
Scale In increments number of horizontal and vertical grid squares 

Scale In X increments number of horizontal grid squares 
Scale In Y increments number of vertical grid squares 
Scale Out decrements number of horizontal and vertical grid squares 

Scale Out X decrements number of horizontal grid squares 
Scale Out Y decrements number of vertical grid squares 

Move (direction) moves one square in provided direction (N/S/E/W/NE/NW/SE/SW) 
Where Am I announces current grid square 

Where Am I (contextual) Where Am I, announcing each level from current up to country 
What (specifier) Am I On answers “what” questions with country, city, state, address specifiers 

Say Summary (direction) announces what is between current grid square and adjacent square in 
provided direction, or all four summaries if none provided 

Toggle Summary toggles automatic summary announcement per new location 
Toggle Grid Lines toggles the displaying of grid lines 

Toggle Highlight toggles display of highlighted box representing currently selected location 
and (by its size) currently selected normalization level 

Center Current Location makes the currently selected location the center 
Take Me To (location) centers the location the user provides 
Find Land (direction) announces nearby land in provided direction, or all if none provided 

Exit exits the application 
  
5  Evaluation 
A formative study of Tikisi For Maps was carried out with a group of 12 PWVI users ranging 
from 10 to 18 years old, at the Washington State School for the Blind. The users spent a little 
over an hour with the application, which ran on a tablet; all users used Tikisi For Maps, with 
some spending more time than others. They appreciated the novelty of using a touch 
screen (some being comfortable with the use of one through owning an iPhone). 
Because use of the iPhone is essentially an extension of the concepts laid out in Kane et 
al.’s SlideRule work [12], the learning curve was quite small. Furthermore, the users 
reported surprise, enjoyment, and interest with the ability of hearing each other work on 
the tablet. Two users tried using the tablet together, which informed several design 
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requirements for the system; for example, the ability to receive input from multiple 
modalities simultaneously (e.g. keyboard and touch). 

At the time of the formative study, the system did not have the “Take me to” 
functionality implemented. Without prompting, almost every user requested this feature i, 
which we found unsurprising. The lack of “Take me to” functionality even had an 
advantage from the perspective of requirements elicitation—we could observe the users’ 
behavior when they tried to find a specific location without being able to directly center it 
on the screen. Most users would first assume that they simply cannot find the given 
location using the system, but then slowly each user would begin experimenting with the 
features described in Section 4: dialing up the resolution of the grid, zooming in and out, 
and dialing the grid back down to center themselves mentally on a particular location 
before changing the resolution level again. 

Users would become frustrated and lost in regions of water or seas/oceans between 
countries on the map of the world. We implemented a “Nearby” action to address this. 
Here again, the absence of the “Nearby” functionality led to an informative result: the 
users made a game of finding land, going so far as to shout out instructions: “Go North,” 
“No, go East! ” This highlights the kind of interaction supported by the system: exploration 
and navigation, and also collaboration. It suggests a reasonable level of engagement 
among multiple users even though only one is physically in possession of the tablet. 

An IRB-approved study is in progress with student participants at the Governor 
Morehead School for the Blind, in Raleigh, NC. Participants will be presented with a tablet 
running Tikisi For Maps along with an explanation of the features and functionality of the 
system. Participants will be asked a series of questions and be given tasks to carry out, 
such as the following: 

 Find the United States with your finger.  
 Find Russia with the keyboard.  
 Navigate to Spain by voice, and then report what country is to the north of Spain.  
 What states are around North Carolina?   
 What streets are around Varsity Drive in Raleigh NC?   
 What states do you pass through if you want to go from Florida to Washington 
DC?   

Our evaluation will focus on low-level benchmarking of usability aspects, such as the 
duration of the operations in Table 4, as executed by users, and errors (minor or severe) 
encountered by users in carrying out operations. Of more interest will be the qualitative 
results of a post-experiment survey, which we expect to give more insight into the overall 
usability of the system and areas for improvement. 

 
6 Discussion 
What follows is a discussion of the various advantages (Section 6.1) and limitations 
(Section 6.2) of the Tikisi framework. Section 6.3 describes future work.  

6.1  Advantages 
The Tikisi framework facilitates a rich set of multimodal interaction techniques. By offering 
speech input and output, touch input (tapping, sliding, and gesture), and keyboard 
control through standard D-pad instructions as well as shortcut commands, Tikisi provides 
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the user a variety of ways to interact with graphical data. Multimodal interfaces have 
been shown to reduce interaction times and increase the ability of the user to obtain the 
functional goals they are trying to achieve [3, 16].  

Most actions are supported across different modalities, except those that are poorly 
matched to a given action. For example, it is possible but not very efficient to enter GPS 
or lat-long locations by typing on an on-screen keyboard; touch or voice input are much 
easier for the user. This means that users can achieve goals in more than one way, and 
they can potentially switch modalities even within a single task (e.g. tapping on a location 
and then centering it with a voice command). 

6.2  Limitations 
The use of commodity hardware for touch input is an advantage, but there are tradeoffs, 
especially in comparison with tactile maps. One immediate benefit of a physical graphic 
is that of shape recognition. A PWVI feeling a tactile map can immediately identify 
shapes such as polygons or characteristics of shapes such as rounded corners, flat 
bottoms, etc. In a standard tablet environment, such recognition is not as straightforward. 

Several potential solutions might overcome this problem in Tikisi/. The user could 
interrogate the framework about the given shape in question, with answers provided by 
shape matching algorithms. Alternatively, techniques that support discovery could be 
used, as opposed to simply informing the user of the answer. Sonification could be utilized 
as a means of conveying the shape of the selected region to the user. Either a tracing 
technique can be employed whereby the user hears a tone when their finger crosses the 
lines that compose the region in question, or an overview sonification sample can be 
played once the region is selected so as to give a general overview of the region’s shape 
to the user. We believe that these techniques, and others, can be combined to address 
the shape recognition problem effectively. 

Another immediate benefit to physical instantiations of graphics is relative size 
comparison. A PWVI can easily determine the relative sizes between two objects, 
assuming a non-trivial size difference. On a touchscreen, this problem is not as 
straightforward because of the lack of tactile feedback. Again, we are examining 
alternative approaches to such problems. 

6.3  Future Work 
Our future work will cover two broad categories of research. The first involves the Tikisi For 
Maps application. As mentioned, we are conducting a formal evaluation; we are 
currently in contact with school officials arranging for information to be delivered to 
children’s parents and guardians. We expect our evaluation to test and validate the 
design decisions in Tikisi/. The second area involves improvements and generalizations to 
Tikisi as a whole. We plan to extend the framework to domains than other maps; the next 
question for us to answer is whether this approach can be used to improve accessibility to 
graphical information more generally. 

As shown previously, Tikisi is capable of taking visual information and making it 
accessible through a variety of means. The current implementation of Tikisi has focused on 
maps; however, if we redefine the semantics behind the appropriate operations within 
the framework, then mathematical information, similar to the Google maps discussed 
earlier in this paper, can become accessible through direct inspection as opposed to 
indirect description. Similar to mathematics, chemistry provides a wealth of graphical 
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scenarios in which Tikisi would offer worlds of rich, relevant, and interactive access to 
fundamental domain specific knowledge. A molecular diagram of a compound being 
studied in chemistry class can come alive in the hands of a PWVI student. The student can 
use Tikisi to seek and zoom in/out on particular areas of focus, then use basic finger or 
keyboard navigation for more fine grained specificity and control. Furthermore, the only 
requirements to Tikisi would be, as mentioned before, a logical and sound layer of 
semantic mappings and operations to the chemistry domain. 

Moving away from the domain specific applications of the Tikisi framework, we also 
observe that there is an interesting question of cognitive load on the user when using Tikisi 
as opposed to a traditional tactile interface. While we believe that the Tikisi framework 
offers a myriad of advantages and benefits that are simply not possible in the tactile 
graphics space, this does not preclude the fact that Tikisi utilizes a level of indirection for 
some of its operations, such as those features not directly related to the navigational 
exploration of a graphic. In these situations, just as in any similar interface, issues of 
cognitive load should be examined and minimized if possible so as to improve the system 
and increase its efficacy for general use. 

Direct access to graphical information for PWVI is possible, practical, and within reach 
through the use of the Tikisi framework. 
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Fifteenth International ACM SIGACCESS Conference on 
Computers and Accessibility 

October 21-23, 2013 

Bellevue, Washington, USA 

http://www.sigaccess.org/assets13/index.htm 

CALL FOR PARTICIPATION 
The ASSETS conference explores the design, evaluation, and use of computing and 
information technologies to benefit people with disabilities and older adults. ASSETS is the 
premier forum for presenting innovative research on mainstream and specialized assistive 
technologies, accessible computing, and assistive applications of computer, network, and 
information technologies. This includes the use of technology by and in support of:  
 

 Individuals with hearing, sight and other sensory impairments 
 Individuals with motor impairments 
 Individuals with memory, learning and cognitive impairments 
 Individuals with multiple impairments 
 Older adults with diverse capabilities 
 Professionals who work with these populations 

 
All contributions are peer-reviewed by an international Program Committee. Accepted 
papers, posters and demonstrations will be archived in the ACM digital library. Select authors 
will be invited to submit extended versions to a special issue of the ACM Transactions on 
Accessible Computing (TACCESS).  

SUBMISSION PROCEDURES 
ASSETS accepts submissions in the following categories: 

 Technical papers (deadline already passed) 
 Posters  
 Demonstrations  
 Experience reports 
 Student research competition  
 Doctoral consortium 

 

All contributions are peer-reviewed by an international Program Committee. Accepted 
papers, posters and demonstrations will be archived in the ACM digital library. At least 
one author of accepted submissions must register as the presenter by the early 
registration deadline. Submissions MUST contain substantial original, unpublished material. 
Please refer to the ACM policy on plagiarism 
(http://www.acm.org/pubs/plagiarism%20policy.html) for guidance. 
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IMPORTANT DATES 
 Requesting mentors: TBD 
 Technical paper submission: May 3, 2013, Friday 
 Notification of technical paper acceptance: June 14, 2013, Friday 
 Posters and demos submission: June 28, 2013, Friday 
 Experience Report submission: June 28, 2013, Friday 
 Doctoral consortium submission: June 28, 2013, Friday 
 Student research competition submission: June 28, 2013, Friday 
 Notification of posters and demos acceptance: July 24, 2013, Wednesday 
 Notification of experience reports acceptance: July 24, 2013, Wednesday 
 Notification of doctoral consortium acceptance: July 24, 2013, Wednesday 
 Notification of student research competition acceptance: July 24, 2013, 

Wednesday 

All deadlines are at midnight HAST (GMT-10:00) on the specified day.  

 


