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This thesis is dealing with the design and evaluation of a novel text entry technique that 
is accessible to visually impaired users. The technique is specifically designed for 
touchscreen interaction on smart small mobile devices that are becoming very 
widespread. Already developed techniques cannot offer a comprehensive and fast 
solution for blind text entry, because they cannot overcome the speed-accuracy trade-
off. 

The developed blind text entry technique described here, named Gesture Driven 
Software Button (GDSB) has two built-in modes that allow both concurrent and 
sequential text entry. The concurrent mode allows a typing speed in the range of 16-20 
wpm after two hours of training, in the blind condition. The sequential mode used an 
adaptive dwell time interaction that accesses the three layers of the character layout 
with the use of waiting time. This mode also allows single-hand manipulation that 
enhances the universal appeal of the GDSB. Core characteristics of the technique are: 
its constricted size, robustness, structuredness and simplicity of interaction. The GDSB 
uses simple tap and slide interaction, and it is transparent, meaning that it does not 
occupy any display area because it is not needed to be visible.  

To determine the usability and the performance of the developed technique, three 
tests were carried out, with the participation of 44 subjects in total. The finger 
interaction with desktop touchscreen monitor was investigated in the pilot test and the 
results have been used when designing the advanced version of text entry technique for 
stylus-based interaction in smart mobile devices. Because of the positive results 
received after the first test, a second test was arranged for stylus-based interaction on a 
PDA. Results of the first test were reconfirmed by the second, and a series of new 
findings was revealed. The overall results of the testing showed that the technique is 
indeed having real interaction advantages and with its comfortable typing speed it can 
be an all around text entry solution for mobile devices for both sighted and blind users. 

 
Keywords and terms: Visually impaired users, gesture-based text entry, PDA, smart 
phones, touchscreens, assistive technology, design for all. 
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1. INTRODUCTION 
New handheld devices that use touchscreen interactions are becoming widespread in 
the forms of smart phones and personal digital assistants (PDAs) (Figure 1.1). There is 
also an increasing application of standalone touchscreen terminals and desktop 
monitors (Figure 1.1). Such terminals are employed to provide public access at places 
such as museums, libraries, exhibitions and airports. Blind people could benefit from all 
the above interaction opportunities but especially from the usage of smart devices that 
offer a diverse set of applications. Until recently, keyboards and physical buttons had 
been a standard tool for interaction in most personal computers and mobile phones. 
When a text entry tool is needed within a small-size application it usually occupies 
valuable screen space. In order to economize space, physical keys tend to be abandoned 
as core interaction featured tools. With touchscreen, blind people cannot emulate 
habitual key combinations of the 12-key mobile phone keyboard.  

Touchscreen interaction is completely antithetical to the blind user needs and skills. 
In absence of the tactile primary feedback cues, blind users encounter difficulties with 
absolute pointing and selection within a display area. Typing in touchscreen by 
employing continuous accurate specific target selection becomes an unnecessarily 
complicated procedure. This makes virtual keyboards practically unusable for people 
with visual impairments because they require accuracy, and point relocation at each 
character’s entry.  

For sighted users visual cues act as indicators that help to understand the task at 
hand and how the user progresses through the task. These users can easily access the 
visualization of a website’s layout through hierarchy-style site-maps. Blind users 
experience certain difficulties in order to understand the state of the system at each 
point because they cannot rely on visual cues. These have to be replaced by other kinds 
of navigation aids [Evreinov and Raisamo, 2002]. 

In order to comprehend the system functionality and state, blind people need the 
constant presence of feedback in the form of tactile markers, speech and non-speech 
audio signals (earcons) or special haptic patterns (tactons [Brewster and Brown, 2004]). 
The secondary auditory and tactual feedback is essential but cannot provide a complete 
and effective solution by itself. 
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Figure 1.1. Modern touchscreen platforms. Multimodal Kiosk with desktop touchscreen 
and tactile board (left) (Autonomic 2002) and Spb Full Screen Keyboard (right). 

Adopted from [Pocket Gear 2005]. 

Paradigms that derive from graphical user interfaces are highly unsuitable when 
vision is not an option for the user. Furthermore, text entry in new portable devices up 
to date has been mostly a transition of already tested techniques from desktop 
computers where physical keyboards as well as desktop displays are the conventional 
input-output solutions. This approach originates from the ad captandum argument that 
widely used software and hardware tools have a greater potential for acquisition of 
adaptation to the new devices. A more reliable way is the development of better-
structured, more robust input techniques intended directly for the new devices. 
Alternative ways to virtually map an interaction space have been researched. Re-
comprehension of human-computer interaction styles through the dimensions of space 
and time can help visually handicapped users. When dealing with a new platform, and 
at the same time with a special user group there is a challenge to develop new 
metaphors that would adapt to both the needs of the platform and those of the users. 

1.1. Concepts and terminology  

Text entry tools are central to all kinds of real life task oriented human-computer 
interaction. Mainly, the novel text entry method’s basic design specifications and 
parameters were initially drafted and implemented for finger-based interaction. Testing 
with volunteer users revealed a lot of meaningful findings that were taken into 
consideration when designing the advanced version of the software for mobile devices 
and stylus manipulation. 

In both versions the technique was named Gesture Driven Software Button and 
abbreviated as GDSB. 
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1.1.1. Finger based interaction with desktop touchscreen display 

The first step was designing implementation and empirical testing of a text entry tool 
for desktop touchscreen terminals based on a particular gestural and selection 
technique. At this step, the main specifications of the text entry such as the method for 
pointing through gestures, the algorithm for selection and entering through time, the 
system of non-visual feedback cues (kinaesthetic, speech cues, non-speech sounds) and 
the basic principles of the leaning (mnemonics) have been extensively researched and 
developed.   

Several prototypes were considered as a starting point when designing the novel 
blind text entry method. It was decided to apply tap (touch) and slide as a particular 
gestural and selection technique in the blind text entry method. MessagEase [Nesbat, 
2003] is also based on a tap and slide technique for touchscreen text entry. Tapping is 
used to make a selection of a primary character or to activate a secondary menu layout. 
The secondary menu layout contains other characters positioned in a pie-menu style 
that can be entered by sliding towards certain directions. Similar solutions that allow 
text entry and selection through activating secondary menus or functional groups of 
symbols have been proposed in [Venolia and Neiburg, 1994], [Partridge et al., 2002] 
and in [Gnatenko, 2004]. 

Selecting one of eight basic directions is the simplest gesture technique both for use 
and recognition [Geißler, 1995], and has been proposed in combination with visual 
feedback or as blind manipulation on mobile phone keypad. A direction is a relative 
parameter and does not depend on the initial position of the finger or stylus. However, 
setting eight directions means that one of the directions is selected as a base line 
(horizontal or vertical) and the other seven directions have to be considered as absolute 
parameters too. In absence of other attributes, declination of the finger movement for 
right pointing should be less than ± 22.5°. Angular accuracy of gestures for marking-
menu implementation was investigated with respect to blind navigation [Rönnberg et 
al., 2002], and graphic input and text entry [Moyle and Cockburn, 2002]. In any case, 
secondary feedback cues, like speech short messages or tactons, could be useful on 
earlier stages of using any blind technique to decrease the errors and assist the 
assimilation of new method features. Another problem is how to organize in a more 
efficient way a reliable transition from one functional group to another.  

If touchscreen manipulation could be individually and dynamically adjusted with 
respect to user performance, switching of the functional groups could be more flexible, 
and interaction could be more smooth and natural [Hansen et al., 2003], [Simpson and 
Koester, 1999]. In the first software prototype of the GDSB for touchscreen interaction 
to control the temporal parameters of the technique, the adaptive dwell time method and 
algorithm have been applied. This method will be considered in detail in Section 3.5. 
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1.1.2. Stylus based interaction on mobile devices.  

The preliminary study and evaluation of the first software prototype on large 
touchscreen terminals and desktop displays helped to discover the current problems and 
to formalize the task and possible ways for the next step - development of the technique 
for the far more challenging and powerful mobile devices such as smart phones and 
PDAs. 

The novel text entry technique that was specified designed and evaluated is 
specifically intended for touchscreen interaction on portable platforms, and at the same 
time customized for vision-free usage. Moreover, in order to maintain a flexibility for 
different situations two modes of the technique were provided, that allow both fast text 
entry using two hands and a single-hand manipulation with moderately fast typing. One 
of the goals during implementation was to minimize the active screen space that was 
needed for entering a character. The result was creation of a fully transparent 
application that can be used by both blind and sighted users leaving a maximum active 
display area for presentation and availability of other screen functionality.  

The clock face metaphor that is discussed in more detail in chapter 3.2 [Yfantidis 
and Evreinov, 2004] [Kamel and Landay, 2002] was the main principle of pointing 
through gestures and the interaction style in the GDSB. The characters to be entered are 
allocated at the eight basic directions (North, South, East, West, and intermediate 
directions), and grouped in three layers. The second principle that was used originated 
from Gedrics [Geißler, 1995], which acted as a basic conceptual model that affected the 
development of the Gesture Driven Software Button. 

Gedrics provide a way to manipulate a graphical user interface with the help of 
icons that responded to gestures made directly inside the icon (Figure 1.2). Gedrics thus 
can be manipulated as to their interrelations and layout. The icons can include several 
functionalities that can be triggered by different gestures, but the complex gestures 
again require a position-sensitive feedback.  

The most distinctive aspect of Gedrics was their “structuredness” and their intuitive 
way of gestural interaction. The goal of the project described in this thesis was to 
maintain a similar simplicity and “structuredness”. The GDSB text-editing tool for 
blind users had to be reliable, easy to learn and universally accessible. Simplicity in 
typing skill acquisition is invaluable for physically challenged user groups. The visually 
impaired would benefit from elimination of the need for positioning repositioning and 
selection of small targets. 
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Figure 1.2. Ways of gesturing over Gedric icon “layouter” which formats text and 
picture within a layout application. Adopted from [Geißler, 1995]. 

 

While in Gedrics icons occupied definite positions on a touchscreen, it was 
envisaged that it could bring more benefits if the icon could follow the stylus and could 
contain full text-entry functionality – “a full keyboard under the fingertip”. As it has 
been already mentioned, the technique was named Gesture Driven Software Button 
(GDSB). 
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2. THE COMPETITIVE CONCEPTS 
Designers of pen-based text entry make an error when they attempt to display all 
characters and then optimize layout for shorthand or continuous writing [Mankoff and 
Abowd, 1998], [Perlin, 2005] by taking into account statistic relations revealed through 
processing a huge dataset of words. For individual user statistic-optimal gesture or 
movement could appear inconvenient. Zhai and Kristensson [2003] befittingly 
identified this problem and they called for scale and location independency in gesture 
recognition to produce more efficient and flexible systems. 

2.1. Sequential Text Input 

Sequential input is the core of most text entry methods for small-size devices that use a 
restricted number of physical keys. In such a case, there is a necessity to group the 
characters on the basis of linguistic, lexical, phonetic and mnemonic features and rules 
into zones and layers. From traditional multi-tap in mobile phones to the latest research, 
characters are arranged and grouped so that they could be accessed in easier and 
efficient ways to save time, space and prevent entry errors. For instance, ergonomic 
reasons require that digraphs should preferably be located in different (opposite) parts 
of the normal-size keyboard to make the two-hand typing more immediate, smoother 
and faster.  

Virtual keyboards (Figure 2.1) need a different kind of approach, because the use of 
only one spot for pointing and selecting (stylus) requires minimization of the distance 
between characters that commonly succeed one another. [Zhai et al., 2000]. 

 

Figure 2.1. The virtual keyboard of touchscreen based smartphone Nokia 7710. 1 - 
input display; 2 – backspace; 3 – enter; 4 – tab; 5 - caps lock; 6 – shift; 7 - space. 

Adopted from [Nokia 7710 User Guide, 2005]. 
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Based on those assumptions, Zhai et al [2000] investigated the speed with different 
layouts of virtual keyboards, and subsequently tried to modify the layout (Figure 2.2) 
based on the digraph frequency in English language. They used two different physics-
based techniques for optimisation, namely “dynamic simulation” and “Fitt’s energy and 
the metropolis method”. The typing speed approached the level of about 41.6 wpm and 
43.1 wpm respectively. They also stated that they came up with physically impossible 
to implement keyboards, that had speeds higher than their best proposal (43.1 wpm) of 
about 10 to 15 words, and in an extreme hypothetical layout where all the keys are 
situated in the same distance they indicated an estimated speed of 95 wpm. 

 

Figure 2.2. The Metropolis Keyboard. Adopted from [Zhai et al., 2000]. 

An encouraging aspect of the GDSB is that it managed to overcome the problem of 
digraphs that is inherent in all the virtual keyboard layouts. The reason is that all the 
characters are situated in an equal distance from the starting point, which is always 
under stylus in any position of the touch-sensitive surface. So no matter what character 
has to be entered, the distance to the character that will follow will not vary in the 
GDSB. Still small differences in the way of character accession exist in the two modes 
and this influences selection time. 

The authors of the Unigesture approach [Sazawal et al, 2002] preferred a layout of 
characters based on different zones. Those zones contained four characters each and 
they were placed in the clock face type layout in the eight basic directions (Figure 2.3). 
Due to the fact that their mode of interaction by device tilting makes it more difficult to 
access the diagonal directions, they placed the less commonly used characters in those 
positions.  
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Figure 2.3. The two layouts used by Unigesture. The layout in the right is referred to as 
“the clustered” and the one in the left as the “spread-out” layout. Adopted from 

[Sazawal et al, 2002]. 

A basic advantage of GDSB that uses a similar principle - the eight directions 
contain characters rather than groups of characters - is that it does not require double 
selection or sub-menu type access. Characters are immediately available (in 2Key 
mode), and no browsing is needed within subgroups. Less-frequently used characters 
were placed in different layers rather than in different difficult directions. The reason is 
that in the GDSB all the directions are equally accessible with angle resolution not less 
than 44 deg. per zone. This essentially decreases gestural ambiguity and helps to 
maintain consistency and speed in good levels. 

Another system that could allow transparent text entry concerning other 
applications, occupies minimum screen space, utilizes clock face topology and a layer 
grouping is Gummi [Schwesig et al., 2004], an extra small bendable PDA. The 
implementers have tried to apply a text entry system specifically designed for this 
device. The interaction method makes use of three distinct states of the device (Figure 
2.4), which are derived directly from bending it making a very strong primary haptic 
feedback. According to the authors, those states are neutral when the device is not bend, 
target up when the device is bend upwards at the maximum and target down when it is 
bend downwards at maximum. 

 

Figure 2.4. Gummi’s states of bending. Adopted from [Schwesig et al., 2004] 
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The above states also act as layers within the text entry application. Each of the 
states contains a group of characters that are arranged in the eight basic directions, in a 
clock face topology. In order for one of those characters to be selected, a 2-dimensional  
position sensor is used that allows for navigation in those basic directions. When the 
character is finally to be entered one more action is needed and that is a slight bending 
in the opposite direction. That is, 3 keystrokes (conditional) per character could be 
considered like an equivalent measure of typing speed [MacKenzie, 2002] in a 
bendable PDA.  

Gummi interface has problems with text entry because it has a time and effort 
consuming accession of the characters through manipulation of the whole device. On 
top of that it needs two extra actions to complete the entry of a single symbol (Figure 
2.5). The last action, bending in an opposite direction, actually changes the state of the 
layer that has to be accessed again. The different states of the system were intended to 
boost typing speed but in reality they constrained it. The layer changes are too frequent 
during the text entry described and the nature of the changes, which requires physical 
efforts, is perhaps amongst the reasons why such a way of typing has not been 
particularly successful. 

 

Figure 2.5. The three step text entry in Gummi. Adopted from [Schwesig et al., 2004] 

The Gesture Driven Software Button paradigm that was developed shares the main 
concept of Gummi’s text entry but yet is effective and efficient. This stems from a 
number of reasons. In the 2Key mode of the GDSB, concurrent instead of sequential 
entry is used. The layer access with the physical buttons in iPAQ pocket PC is 
happening in combination with the movement/gesture. The layer switch is 
instantaneous with the press of the button, and thus, it has no effect on time or effort 
that is needed to approach the character to be entered. Also, when using the Adaptive 
Dwell-time Selection (ADS) mode the layers are more of a way to easily categorize 
character groups in memorable entities and facilitate pointing and selection. It seems 
that in Gummi the layers are more of a necessity, and this method of text entry employs 
them because it absolutely has to. The layers are used as an effective solution to apply a 
simple recognition technique for directional gestures when stylus or fingertip blind  
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manipulation is possible for text entry. Finally, the characters in the layers of the 
Gesture Driven Software Button are grouped according to the Letter Frequency, making 
use of statistics for further minimization of needs for layer switching, while in Gummi 
an alphabetical grouping has been used. 

Dunlop et al., [2002] developed and proposed for evaluation three different 
onscreen keyboards. The second prototype of the keyboard used a row-column scan 
method. The characters were grouped according to the Letter Frequency in English 
language, meaning that the most frequently used characters were placed in the positions 
that were easier to access. This layout can be seen in Figure 2.6. 

 

Figure 2.6. Virtual keyboard prototype that uses row-column scanning method and 
frequency based letter grouping. Adopted from [Dunlop et al., 2002] 

To find a suitable solution for optimising the access to the layout of the letters in 
GDSB, the same principle was used as the one implemented in the second system by 
placing the characters in relation to their frequency. A three-section zoning was used in 
GDSB that is being referred to as layer switching, while Dunlup et al. [2003] referred to 
zoning as row-column scan. Row-column scan, along with other scanning techniques, 
and possible character arrangement within the layout were discussed by Lesher et al., 
[2000]. Rearranging the character matrices was discussed in this paper, and particularly 
in relation to character prediction.  

However, both the systems significantly differ in the way of selecting and 
interacting. Three keystrokes per character were used for entry in [Lesher et al., 2000] 
but what is more important is the fact that there was a scan interval between each of 
those three actions. Even when the scan interval is used in the GDSB, at ADS mode it 
is only activated during the first step, that is, during the layer selection. To enter the 
character after that, no further waiting is needed, and the user just needs to slide and lift 
the stylus. This is also speeding the interaction up. Moreover, dwell time in the case of  
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the Gesture Driven Software Button occurs only when accessing the second and third 
layer that contain less frequently used characters. This effectively limits the extent of 
scan interval usage and leads to higher typing speed. 

 

Figure 2.7. The interface of the Multitap with Predictive Next-Letter Highlighting. 
Adopted from [Gong et al., 2005] 

Multitap is a very common way of sequential text entry that in its traditional mode  
the technique has been applied to most keypad based mobile phones. New research tries 
to enhance Multitap for better performance. Gong et al. [2005] presented an enhanced 
version of Multitap that “uses predictive next-letter highlighting to aid visual 
searching”. Figure 2.7 shows the interface of the enhanced version of Multitap text 
entry. 

However, in a moment where research in mobile text entry is advancing its typing 
speeds significantly, enhanced Multitap comes short, and fails to make an impression.  
The typing speed with both implemented methods are less than 9.5 wpm at best (Figure 
2.8). The original chart from the paper [Gong et al, 2005] is shown to present the 
tendency in a learning curve. 
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Figure 2.8. Text entry speed with both methods of the enhanced Multitap with 
Predictive Next-Letter Highlighting. Adopted from [Gong et al., 2005] 

 It should be noted that in the case of GDSB text entry speeds of more than 20wpm 
were achieved and what is more important, through blind interaction. 

2.2. Gestural Text Input 

In general, speed with most pen-based text entry depends on the user’s skills and 
experience of the method. Individual handwriting skills influence in the performance of 
different types of movements. Length of traces and gaps between characters (lifting) are 
also essential restricting factors of the speed. 

Gestural input or handwriting is another widely used solution for text entry on 
PDAs. The most successful and popular systems in this area employ diverse alphabets 
in which each letter is comprised of a single track (gesture). From the viewpoint of 
developers this simplicity helps to avoid problems that come from word segmentation 
and character recognition [MacKenzie and Zhang, 1997]. For the users the immediate 
benefit is, of course, the higher speed that they can achieve by entering characters with 
one stroke only.  
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Figure 2.9. The alphabet of Graffiti 2, the latest version of Graffiti. Black dot indicates 
the starting point of the gesture. Adopted from [palmOne, 2005] 

Graffiti has been one of the most popular systems for text entry on PDAs. It is 
based on character recognition, and along with Unistrokes [Goldberg, 1997], and 
Edgewrite [Wobbrock et al., 2003] is using alphabets that are comprised of single-track 
gestures. 

Graffiti’s characters are similar in shape with the actual letters of the Roman 
alphabet but they are simplified so that they can be created with a single track or two 
simple gestures (Figure 2.9). The entry is happening character by character and is 
defined by the lifting of stylus. The encouraging feature for blind users is overlapping, 
that is, the characters can be entered in the same place of a touch-sensitive surface. The 
recognized characters are entered in the application sequentially. But, in reality the 
system is unsuitable for visually handicapped people because they do not have enough 
primary feedback to write the characters in the correct shape and position. 

The non-linearity of the Graffiti strokes lacks in comparison to the fast and less 
cognitively demanding linear strokes of the GDSB. The type of motion in Graffiti may 
be linear or rotary, coordinated across two or more dimensions simultaneously or 
sequentially. Small circular motions require accuracy and strain as inhibition processes 
dominate over excitation. For experienced users this has even greater importance 
because as the speed increases, the user performs better if s/he follows a routine. In 
Graffiti this routine is breached if not inexistent at all.  

Generally, the making of specific movement is determined in a great degree by 
individual capabilities like hand-eye coordination. In Quickwriting layout (Figure 2.10), 
frequently written characters have the same major and minor zone.  
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Figure 2.10. The four character sets of Quickwriting. Adopted from [Perlin, 2005] 

That is, the user draws symbol ‘e’ just by moving the stylus leftward and then 
backward [Perlin, 2005]. The linear motion is easy for the user and the for recognition 
software. In Graffiti each character can start from a different point and can follow a 
different direction, which gets even more complicated with the above-mentioned non-
linearity of shapes, and as a result, maintaining a rhythm in terms of movements and 
gestures is difficult.  

 

Figure 2.11. The Unistrokes alphabet. Black dots indicate the starting point of the 
gesture. Adopted from [MacKenzie and Zhang, 1997]. 

In Unistrokes alphabet the developers assigned the five most common letters (E, A, 
T, I, R) to straight-line composed strokes to make them easily accessible. With the 
exception of those characters the disadvantage remains the same with all character 
recognition systems. Each gesture has to be assigned specifically to one character and 
that leads to a large amount of unique gestures that have to be memorized by the user. 
Stemming from the same reason, some of the characters become more complicated and 
timely to form, due to small circular or spiral shapes (Figure 2.11), having a negative 
effect on the overall speed. 
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Edgewrite tried to provide a solution for users who may not be capable of smooth 

gestures by developing a coded alphabet (Figure 2.12). The characters are entered with 
a set of gestures that happen within a small plastic square hole named EdgeWrite 
Template (Figure 2.13), similar to keyguard [Wobbrock et al., 2003]. The edges of this 
plastic box act as a guide that helps to stabilize stylus movements, as they are providing 
a strong visually independent primary feedback.  

 

Figure 2.12.The EdgeWrite Character Chart. Adopted from [Carnegie Mellon 
University, 2005]. 

 

Figure 2.13. EdgeWrite template. Adopted from [Carnegie Mellon University, 2005].] 

The problem remains still that the characters may start from different points 
(corners of the plastic box) and that can lead to slow typing, as it challenges the 
coordination. User has to think where the next character to be entered should begin 
from, and each time it has to locate that point and start from there.  

Automatic relocation of the starting point at stylus current position is not only a 
matter of freedom and ease of use, but it has an impact on the speed. That is exactly  
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why this feature was implemented in the GDSB. It was decided to make it a core 
element of the interaction style at the feasibility phase of the project. 

Scriboli [Hinckley et al, 2005] is a technique of pen interaction that allows 
manipulation of screen elements by gestures. For example, in a Design application user 
can make a selection with a lasso-like tool and after performing an end gesture, a menu 
pops up automatically with eight options (Figure 2.14). Naturally this is an eight-slice 
pie menu using the clock face metaphor just like the GDSB. The technique reminds the 
Gedrics both to their concept and their interface. 

 

Figure 2.14. Scriboli pigtail selection that pops up a pie menu with eight possibilities. 
In this case user selects the option copy. Adopted from [Hinckley et al, 2005]. 

MessagEase [Nesbat, 2003] is a method of text entry that has been initially 
developed for offering an alternative, faster way of typing than the widespread multi-
tap technique found in most mobile phones that utilize physical hardware keys. The 
main idea behind it is that all the characters should be able to be entered by only two 
taps. It is thus a double-stroke text entry that has the advantage of being time 
independent since there is no need for any kind of waiting between entering two 
successive characters.  

It is well known that one of the main problems associated with traditional multi-tap 
technique is the unnecessary waiting time that occurs because of the triple letter 
assignment to each button. There is a gap because the system has to remove the 
ambiguity between single double or triple tap of the letter, in other words there is need 
for some small pause to signify the “end of action” for a character entry. This becomes 
particularly problematic when characters that belong to one button have to be entered in 
succession. MessagEase managed to eliminate this waiting time and provide a solution 
for faster typing using the 12-key telephone keypad (Figure 2.15). 
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Figure 2.15. MessageEase character layout for the 12-key telephone keypad. Adopted 
from [Nesbat, 2003]. 

The next step for the developers was to implement the technique in a new version 
optimized for Personal Digital Assistants. The authors came up with a software 
keyboard (Figure 2.16) that instead of just taping uses also sliding of the stylus to a 
direction to enter characters. They kept the same layout that was designed for double-
stroke key-version, arranging the most common characters in three rows of three 
software buttons (“keys”).  

Character “O” is positioned in the center (middle key of the second row) and the 
other characters are put in a “clock-face” array. A single tap of the stylus can enter 
those nine characters immediately. Each of the outlying characters has another 
character that is associated with. The way that this embedded character can be entered 
is by choosing the main character and sliding inwards towards the direction of the 
central character “O”. For example, tapping “E” and sliding the stylus towards the 
center in a “North” direction can enter character “W” which is coupled with main 
character “E”. This is because “E” is situated to the South of the central position. 

 

Figure 2.16. Software keyboard prototype of MessagEase text entry technique. Adopted 
from [Nesbat, 2003]. 
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The tap-and-slide metaphor is also applicable to any character which has eight 

characters coupled with it, as “O” in the MessagEase prototype. Those characters are 
also positioned according to the “clock face” topology. Entering them requires a tap of 
the central character “O” and then sliding of the stylus to one of the basic directions, 
this time in a normal outward fashion, like rays originating from a common center. 

Decisions about the layout of MessagEase are questionable. For instance, the 
decision to put the less used characters associated with the central character does not 
seem justified. Those characters can be entered, as in the GDSB, starting from a 
common point and sliding towards the basic direction. The most frequently used 
characters though, were placed in separate positions/keys peripheral to the layout and 
they have to be entered by tapping one of the main keys and slide inwards the central 
position. As far as efficiency is concerned this layout does not seem to enhance the 
speed for those “more commonly used characters” [Nesbat, 2003]. Each time one of 
them has to be selected, a different main key situated in a different position should be 
first tapped and this requires a lot of pointing and gesturing in the form of hand 
travelling between characters. The “sliding” towards different directions that 
MessagEase follows is exactly the same as in GDSB technique. But it is a clear 
advantage of GDSB that the starting point is always the same when sliding has to be 
performed. 

The final layout is questionable in terms of efficiency and it does not deliver the 
results that are expected, but on the contrary it appears to be regressive. The entry of 
different groups of characters with this technique happens with three different ways. 
Those are “single tapping”, “tapping and sliding having different starting points” and 
finally “tapping and sliding starting from a common point”. It would be better to have 
only one way of interaction in order to simplify the task and add robustness to the 
technique.  

The Gesture Driven Software button described in this thesis is far more usable in 
that aspect because of its inherent uniformity, stemming from the consistency of its 
interaction style. In the quest to maintain uniformity single tapping had to be abandoned 
because it can be only applied consistently in a fully-fledged virtual keyboard. As per 
the arguments of the previous discussion about the tap and slide techniques there was 
no dilemma to choose the option where all the movement/gesturing begins from a 
common point. 

A disadvantage of MessagEase is that its effective area has to be big and it occupies 
a lot of space in a PDA screen. By spreading the active area to twelve positions of 
keypad MessageEase compromised its compactness and ended up occupying an area 
comparable to a virtual keyboard, as it is obvious in Figure 2.17. Another reason for 
being uneconomic in spatial usage is that its main key’s legend needs to have enough  
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screen area in order to depict the associated nine characters in a clear and 
understandable way. 

 

Figure 2.17. Implementation of MessageEase in a PDA. Notice the area of the active 
screen space that it occupies. Adopted from [Nesbat, 2003] 

In any case the GDSB technique is 12 times more compact because it only uses the 
effective space of one key. If the fact that it is also transparent is considered then size-
wise it is an optimal solution. Even if MessagEase did not have the above problems, it 
would still fail to be competitive as a system for blind text entry. The need for constant 
pointing and selection is completely incompatible with visually handicapped users. 
Even if it applied an Edgewrite type template [Wobbrock et al., 2003] to stabilize the 
movements and provide guidance it would be unfeasible because many of its characters 
start from a central point that it would be even slower and harder to select and relocate 
it every time. 
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3. BLIND INTERACTION TECHNIQUE METHOD DESIGN 

3.1. Rationale 

The purpose of the work presented in this thesis was the development of an adaptive 
Gesture Driven Software Button (Figure 3.1), based on the underlying concept of an 
adaptive virtual button that in contrast to physical keys or software buttons can be 
invisible or transparent both for the user and the application. Such an adaptive button 
shares most of the normal attributes of software button, but has a variable parameter of 
the caption, namely captions layout. The layout of the button changes accordingly 
during the interaction. In the context of the development presented here, the button 
properties should be adaptive regarding the end finger position and produced gestures. 

An adaptive button can be useful for blind people or in situations where the user 
can use only one finger (e.g., user with motor impairments) to enter text. The 
advantageous features of the adaptive button include:  

1. spatial adaptation, since the button appears where the user touches the screen 
or the tactile pad; there is no need for memorizing any marked or embossed 
positions, or for accurate initial pointing; 

2. dual-step mode interaction, that in conjunction with auditory feedback makes 
navigation easier [7]; this mode of interaction provides more flexibility since it 
allows the user to change any decision after receiving a speech short message;  

3. cancel functionality positioned at the center of the button, which is a core 
element of this interaction style; 

4. use of the adaptive dwell time technique;  

5. special mnemonic rules to memorize functional groups of the characters in a 
discrete caption layout (layer).  

The user does not need to look at the screen while completing the task of text entry. 
This offers a solution to diminish screen size and stop worrying about fitting text or 
options in limited display. The transparent button can be presented over the text, thus 
making optimal use of space.  
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Figure 3.1. Fragment of the main form. The Gesture Driven Software  Button is shown 
in opaque mode. 

It is also beneficial for the user that when vision is occupied by another task, it is 
possible to enter text by making use of hearing and one finger (or stylus). 

3.2. Pie menus and the clock face metaphor 

The developed technique provides a sequential access to a pie menu with three levels 
and eight alternatives as a basic layout for text entry. It also shares the directions of an 
8-slice pie menu (Figure 3.2). The three levels are positioned cyclically. The default 
starting point is in the center of the pie, and the user can access the items by choosing 
the alternatives or slices, which are situated in different directions. 

 

Figure 3.2. A pie menu, that according to Don Hopkins, the inventor of pie menus, 
serves as “a contrived example of eight-item symmetry”. Adopted from [Pie Menu 

Central, 2005]. 

The obvious advantages of pie menus are that all the characters are situated at 
equal distance from the starting point that is the center of an imaginary circle. Pie  
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menus also seem to be more natural than linear menus, because users tend to remember 
angle directions easier than serial positions like those that are encountered in normal 
pull down menus. Pie menus were known since 1988 [Callahan et al., 1988] and they 
were applied in various developments. One of the most famous applications that used 
successfully pie menus was the video game “SIMS” [The SIMS, 2005]. The inspiration 
for the adoption of the pie menu in the present context came from the clock face 
topology paradigm, and the fact that it has practical meaning for blind people. 

In their study of drawing practice of blind people, Kamel and Landay [2002] refer 
in particular to the clock face metaphor as a familiar way for the blind users to 
understand space and locate objects. This observation is accurate and can be further 
reinforced through observing different aspects of blind people activities. In sports, for 
example, a sighted person (spotter) always accompanies blind people who practice 
archery. In order to convey the information that is gained by sight to the blind archer, 
the spotter uses a clock face metaphor to pinpoint the target or arrow direction or 
position [British Blind Sport, 2005].  

It is not surprising that the Royal Blind Society advises, in its customer service 
program, that a clock face metaphor should be used to smoothly interact with a non-
sighted person in order to communicate directions [Royal Blind Society, 2005]. 

However, in the development of the button-based interaction technique, it was 
decided to avoid traditional pie menus that could prove to be a particularly difficult for 
blind people because they require point relocation: after choosing a slice, the user 
should find the center again in order to return and choose another part of the slice.  

While designing the system, the particular needs and requirements of the specific 
target user group were taken into account, and the need for point relocation was 
avoided in the developed system. The system is transparent, meaning that it can be used 
over any application without occupying graphical space. Moreover the starting point is 
conveniently relocated automatically at any point the user touches first. This provides 
an immediate tangible advantage, since the system does not require accuracy and does 
not create unnecessary memory load. On the contrary, it allows the blind user to freely 
interact without imposing specific constrains. 

 

Figure 3.3. A menu augmented QWERTY soft keyboard. Adopted from [Isokoski, 
2004] 

The system discussed by Jhaveri [2003] and Isokoski [2004] in their respective 
papers also uses the metaphor of pie menus as an element of interaction. The Two 
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characters per stroke (2CPS) system, that was discussed in [Jhaveri, 2003], is based on 
two-step character entry. The initial character is chosen by using a software keyboard 
with a variation of the characters layout. As soon as the selection is made, a group of 
secondary characters appears in the background around the character as in Figure 3.3. 
The additional characters are positioned in the eight basic directions in a layout that is 
reminiscent of pie menus. The user can then make the selection of a secondary 
character from this virtual pie-menu (Figure 3.4) by pointing towards the direction of 
the character (e.g., 3 o’clock). The second part of this method is similar with the 
Gesture Driven Software Button presented here, which also uses a pie menu with eight 
directions. The technique is referred at [Isokoski, 2004] as Menu Augmented Soft 
Keyboard. 

 

Figure 3.4. Two layouts used for the Menu Augmented Keyboard. The pie menu on the 
left contains vowels, while the alternative menu on the right contains the most frequent 

characters. Adopted from [Isokoski, 2004] 

The conclusions derived in [Jhaveri, 2003] though have low relevance to the 
Gesture Driven Software button described in this thesis, because a simplified one-
gesture entry technique was used in GDSB, while 2CPS was intended to augment 
tapping on the conventional software keyboard. Use of a pointing and selection 
technique that needs to be based on strong visual feedback had to be avoided. 
Therefore, an alternative interaction style that is vision independent was provided. 

3.3. Interface design and Interaction style 

For the finger-based version the software application was written in Microsoft Visual 
Basic 6.0 under Windows 2000. 19” Touch overlay (Philips) for desktop CRT monitor 
was used to detect the position of the finger. The application was preliminary tested on 
an ASUS A7V133, equipped with an AMD Duron Processor, a VIA AC’97 Audio 
Controller (WDM) and 512MB RAM under Windows 2000. 
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For the stylus-based version of software application the testing hardware was an 

iPAQ Pocket PC 3800 series, and the software application was developed in Microsoft 
eMbedded Visual Basic 3.0. 

3.3.1. GDSB Layout and substitution mode 

The concept of the Gesture Driven Software Button is that it presents a rectangular 
shape being transparent and containing full text entry functionality in its application 
area [Yfantidis and Evreinov, 2004]. As it has been mentioned in 3.2, the clock face 
metaphor is the base for the interface and interaction style of the GDSB. The characters 
are placed around the center of the button in the eight basic directions. A layer 
switching system provides smooth interaction, by meaningfully grouping the full set of 
characters of English alphabet within three layers. 24 of the characters are thus directly 
selectable by being distributed at the absolute directions of each layer (Figure 3.5).  

The remaining 2 characters, special symbols and operations are still available 
within the layers but they cannot be selected by direct tap and slide. Other special 
characters, signs and operations (Table 1.) have to be activated through “substitution” 
that is a process for selection of primary or alternative characters that are allocated in 
the same direction. The associated characters symbols or operations in substitution 
mode are assigned on the basis of similarity (graphical, phonetic and other mnemonics) 
that helps memorizing them. For example, A is coupled with Ä ,  D with delete, S with 
Space, N with Next Line in terms of their initial letters correspondence. 

  

 

Figure 3.5. The temporal diagram of changing “captions” in the Gesture Driven 
Software Button (Layer 1–3) after the dwell time interval. 

The concept is that some of the primary characters may have a coupled function or 
another character in the same direction, which can substitute the basic character when 
user decides to do so. With the help of time as a parameter, those characters are 
available by sliding to the basic directions and waiting. The differentiation from the 
normal way of selecting and entering is exactly this use of waiting time that follows the 
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sliding towards a direction. Instead of lifting the stylus after the first feedback cue, user 
can wait in the same position to hear a second auditory feedback that informs the user 
that the secondary character is going to be entered. Lifting of the stylus at this point will 
result in successful entry of the symbol or operation that “dwells behind” the primary 
character. 

If the basic layout is changed due to individual preferences, other characters (j, z, ö, 
ä), symbols or functions also follow to the new positions. This can be helpful, because 
it does not require the tedious task of manually editing the substitutions to follow the 
new positions.  

A special feature of the software is the possibility to edit the basic layouts (Layer 1-
3). The user has the possibility to change the order of the characters in the layers 
according to individual preferences and needs. Sometimes, users may be accustomed to 
some special order of characters (for instance, Greek, Nordic or Cyrillic fonts that make 
use of special characters) that is easier for them to recall. The editing mode can be 
started when the user double clicks at the textual box or on a special position of the 
touchscreen. The user (or a developer) can add, remove or alter the position of the 
characters in the layers. After editing, the new layouts order will be stored in a special 
log file that can also be edited directly. Each time the program starts, it automatically 
loads the log file with the stored captions of the layouts. 

 

Layer 1 Substitut. 
function 

Layer 2 
Substitut. 
function 

E ? C Z 

R UpCase L - 

A Ä P - 

S space H - 

T , D Delete 

I . F Function 

O Ö G J 

N NextLine M - 

 
Table 1. Substitution of the characters with additional symbols, functions and special 

tokens. 
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3.3.2. Text entry with GDSB technique 

The full interaction process to enter text with the GDSB is a simple tap and slide 
method towards clock face directions. Memorizing of the characters that correspond to 
those directions is the only prerequisite for successful blind text entry. It can be noted 
that during normal text entry for sighted users, the transparency of the button can be 
abandoned, and by sacrificing a small fraction of screen space the tool is immediately 
available and usable even for the novices. Nevertheless, blindfolded users that tested 
the GDSB performed well after little practice, indicating that the character placement 
on the layout is easy and fast to memorize. 

The initial tap at any place on the touchscreen signifies the start of the text entry by 
automatically placing the center of the transparent button at the tip of the stylus at. The 
actual text entry begins when user moves/slides the stylus towards one of the eight 
directions which encode the characters. After this sliding there is a speech auditory 
signal with the name of the character that is about to be entered. Blind or sighted users 
are relying on this auditory feedback to smoothly and successfully interact with the 
application. For blind users the auditory feedback is vital and essential while it can be a 
form of confirmation for sighted users. It can be really useful in the process of learning 
the technique, and there is an option that auditory signals could be turned off, for 
instance, after using the system so many times that the user does not need the 
accompanying audio mapping to know which character is being selected. The lifting of 
the stylus signifies the end of the text entry gesture. If for any reason, user would like to 
cancel a selection instead of lifting, s/he can backtrack towards the start position. In 
general, it is not necessary to provide high accuracy for backtrack manipulation, as it 
can be achieved by crossing a certain radius of the position where the character is 
captured. 

3.4. GDSB Versions and Modes 

The most important aspect of the interaction has to do with selection accession and 
usage of the layers. Mainly, there are 2 different versions of the technique. The first 
software prototype of the GDSB was developed for desktop display touchscreens and 
finger based interaction within the course NIT 2003 Fall at the University of Tampere. 
The other program was developed for small mobile device touchscreens operated by 
stylus. The system developed for mobile devices has two built-in modes to provide 
alternative usability concerning the way to access (switch) the layers. Those modes are 
the Adaptive Dwell-time Selection (ADS) mode and the 2Key mode. The software 
prototype for finger-based interaction is using a single mode system that allows 
interaction with the Adaptive Dwell-time Selection (ADS) mode only. The second  
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(2Key) mode was proposed after the pilot testing and discussion with the potential blind 
users. 

The ADS mode that can be used to enter text with the GDSB is flexible and 
adaptive, as it allows single-hand manipulation in combination with dynamic regulation 
of layer switching interval. User can trigger a sequential appearance of the layers in a 
loop-mode where layers come into focus one after the other in an ever-repeating pre-set 
order. The way that the user activates the ADS mode is by tapping and holding the 
stylus in the same position (central position of the software button). The time gap 
(dwell time) between the successions of the layers is constantly customized and 
optimized in real time according to user performance throughout the interaction.  

The algorithm of dwell time regulation described in 3.5 was used to optimize typing 
speed and blind interaction on touchscreen. An advantage of the ADS technique is that 
it is only partly sequential, because the first layer is selected by default and there is no 
need for the layer switching to be activated. The default layer contains the characters 
that are statistically more likely to appear in English language, and that successfully 
constrains the need for using the layer selection system.  

The 2Key mode provides an alternative rapid tool that uses a combination of stylus 
gesturing and usage of two physical arrow keys. Again, the default first layer is 
available without any required action while the other two are being selected with the 
physical keys. The immediacy of all layers accessibility at the press of a key 
successfully diminishes selection time when combined with the instantaneous gesturing 
with stylus. The advantage of this technique for text entry is its speed that originates 
from the supported concurrence of the required actions. The adaptation of the button 
takes place by changing the position and the functionality, but the main factor that 
determines how this adaptation and transitions happen is the time. 

From the above can be concluded that the first action that the user has to plan when 
s/he enters text or command is to select the correct layer in which the character belongs 
to. This can be a sequential or a concurrent action depending on the technique used.  

3.5. Adaptive Dwell Time Technique 

Within the developed application of blind interaction for touchscreen, the dimension of 
time plays an important role. In a way, time guides and regulates the interaction. The 
adaptation of the button takes place by changing the position and the functionality, but 
the main factor that determines how this adaptation and transitions happen is the time. 
The layers or caption layouts of the virtual button change cyclically according to time.  

Dwell time starts after the following events:  
- initial touching of the screen (central position of any layer); 
- stopping after backtracking to central position (cancel of the previous selection);  
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- gesturing (movement) towards a direction was completed without lifting the 

finger, that is, dwell determines when the substitution function will be activated. 
One of the design decisions to be taken in the development of the technique 

concerned is which time interval for dwelling satisfies the user requirements and when 
it should be changed. The original algorithm [Evreinov and Raisamo, 2004] was 
modified and improved concerning the proposed technique, and it is considered in 
detail by permission of the author to be useful for some readers of the thesis who are 
designing rehabilitation techniques. 

 

 

Figure 3.6. The temporal diagram of the algorithm for adaptive dwell time. RTi – motor 
reply time. 

Menu pointing and text-input behavior model includes a particular sequence of 
actions. On the user side, such actions are cognitive processing and motor output. These 
actions should be synchronized with the procedures of triggering the alternative 
position of a particular alternative within interface through speech short message, sound 
icon or tactile feedback (tacton). The parameters of external signals may either facilitate 
synchronization of the interactive process or hinder performance. In both cases, a desire 
for entering symbol P or typing of P after speech cue initiates the needed sequence of 
actions that could be measured according to the technique employed.  

Moreover, based on real-time analysis of the motor reaction time (user reply), it is 
possible to predict and optimize dwell time [Bourhis and Pino, 2003], [Lesher et al., 
2000], [Evreinov and Raisamo 2004]. 

The temporal diagram of the algorithm for measuring the user performance through 
motor reaction time (RT) and automatic correction of the dwell time is shown in Figure 
3.6. 

Below, a model for automatically updating dwell time is presented (Adopted from 
[Yfantidis & Evreinov, 2004]). 
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Dwell time (Tdwell) consists of three elements: T0 – the first variable interval, T1 – 
the second variable interval and T2 is equal to T1. Herewith, T1 and T2 present a 
symmetrical time interval concerning a dynamically established threshold  

Tthresh = T0 + T1  

The initial conditions were established based on the assumption that 90% of 
dwellings after the first touch, at an average speed of finger motion, could occur within 
the field (T1 + T2), and condition probability when (RTi ≤ T0) could be non significant. 
These data were excluded from the computation as they were incidental ones. There is 
one more important interval ∆T. This magnitude takes part in changing the three 
temporal components of dwell time.  

The algorithm works as follows. After each triggering of the alternative position, 
the time of motor reply is recorded. Besides that, an average magnitude for RT 
(AveRT) is recorded on each 5 realizations (sliding average).  

Let us suppose that  

AveRT < Tthresh – ∆T 

then we may decrease T0 on ∆T too. That is, a new dwell time is established as follows  

Tdwell = (T0 – ∆T) + 2 × T1 

Changes of dwell time can be increasing or decreasing with equal probability if the 
user’s actions are symmetrical regarding the dynamical threshold Tthresh. If the user 
changes typing speed, and after each user action AveRT is less than Tthresh, Tdwell is 
permanently decreased due to decreasing T0, therefore, to keep RT in a dynamic range 
regarding Tthresh, this parameter also has to be changed. As a relative criterion could be 
the index of some number of ∆T that can be defined empirically and will determine the 
stability and an adaptation speed of the dwell time to the speed of typing variation. For 
instance, if T0 has changed by ((-3) × ∆T), the magnitude of Tthresh may also be 
decreased, at least, to one half of this magnitude. Then, the new dwell time will be 
equal to: 

Tscan = (T0 – 3 × ∆T) + 2 × (T1 – 3 × ∆T/2) 

Thus, after dynamically changing the threshold, the probability of user replies in a 
field T2 will be equal or higher and AveRT value more than Tthresh. This situation may 
lead to increasing T0. 

The above algorithm of dwell time regulation was used to optimize typing speed 
and blind interaction on touchscreen. By excluding low-probable magnitudes of replies, 
a stable dynamical system was obtained with parameters controlled by individual motor 
reactions of the user. 
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4. EVALUATION OF THE BLIND TEXT ENTRY METHOD 
In order to evaluate the developed versions of the GDSB, three different tests were 
arranged. Two of the tests were conducted for testing the stylus-based version for smart 
phones and one was done to test the finger-based version for desktop touchscreen 
display. The reason for arranging a second test for the stylus-based version was the very 
promising positive results that were achieved during the first test. The significance of 
the research was becoming clear at the moment, and the second test was conducted for 
verifying the accuracy of the already received positive conclusions and for detection of 
any lacks or possible ways for improvements of the adaptive dwell time. In the second 
test, more data about the significance of the direction of gestures were gathered and 
analysed.  

The tests were organized in the usability laboratory at the Department of Computer 
science in the University of Tampere. A total of 44 unpaid volunteers participated in the 
tests that stretched over a period of 9 months. Statistical data were obtained for the 
entry of 7160 words and an estimated number of 60860 characters with the different 
versions of the GDSB technique.  

4.1. The pilot test of the GDSB for finger-based text entry. 

 

Figure 4.1: The experimental setup during the pilot test (GDSB is in transparent mode) 



 31
 

4.1.1. Participants 

Twelve volunteers from staff and students at the University of Tampere were recruited 
for this study. This group, which was comprised of 7 females and 5 males, covered an 
age range of 24 to 35. Their daily computer usage ranged from low to high. None of the 
participants had previous experience of entering text with the help of Gesture Driven 
Software Buttons, pie menus or other similar techniques. All twelve participants were 
right-handed. None of the subjects had motor or cognitive disabilities. 

Since the technique is intended for visually impaired users, the test subjects were 
blindfolded to simulate that condition. Even when the technique was being presented, 
the button was not visible at all and its layout was always hidden. The subjects had to 
rely on speech and auditory feedback to carry out the tasks. 

4.1.2. Procedure for testing the method 

The evaluations took place in a usability laboratory (Figure 4.1). During the first 
experiment, the participants were given one trial to familiarize themselves with the text 
entry method and the features of the technique were explained. This trial was important 
for the participants to find their individual behaviour strategy.  

One trial consisted of entering twenty words, randomly selected from a set of 150 
words, and displayed one at a time at the top line on the screen of experimenter. The 
words were taken from the list of the Word Frequencies [2004] according to the 
recommendations from [MacKenzie, 2001b], and by taking into account that the test 
subjects were not native English speakers. 

The blindfolded subjects only listened to the test word and they repeated its 
playback on demand by clicking on the left bottom corner of touchscreen. The test 
words were 6 - 13 characters in length, with mean 8.5, and every letter of the alphabet 
was included at least several times during the trial. Phrases were not used in order to 
avoid additional cognitive loading. A simple sonification of characters, words and 
comments was adopted, through previously recorded wave files produced with the 
AT&T Natural Voices Text-to-Speech Engine [AT&T Natural Voices, 2005]. 

In order to record the time per character, the timer was started after the first touch 
of the screen and stopped when a correct character was entered (in real software, the 
difference in system timer values was stored through GetTickCount API function. 
When the last character of the word was entered, the test stopped, and the next word to 
be entered appeared in the upper line (the word was also audible at the same time, by 
synthesized speech). At this point, the participant could rest and then, as before, s/he 
could start typing after the first touch. Each of the subjects accomplished 10 trials, the 
last eight of which were taken into account for statistical analysis. 

Statistical data were obtained for 12 subjects entering 20 words with a mean 8.5 
characters per word, for 8 trials, for a total of an estimated 16320 characters. Key 
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figures such as the number of errors per trial, motor reaction times and average reply 
time, as well as parameters of dwell, were stored for each trial in a data array (Figure 
4.2). 

 

Figure 4.2. Screenshot of the data frame of the tools designed for testing GDSB 
technique. Dispersion of motor reactions (Y-axis) per character (X-axis) in trial. 

Changing for T0 – low graph; periodic correction for T1 and (RTi – T0) –  upper graph. 

4.1.3. Results of the empirical evaluation 

Figure 4.3 shows the average values and the dispersion of the times needed to choose 
any character from the layer used at average dwell time 700 ms (with standard 
deviation of about 80 ms) regarding predicted values (the left white columns) for the 
motor component for each subject. Supposing that the entering time of the characters in 
the first layer cannot increase 1 interval of about 700 ms, 2 intervals for the characters 
in the second layer and 3 intervals in the third layer of the adaptive button. It should be 
noted that only the duration of the finger movement could be predicted, as it is the only 
parameter of motor output that could be recorded and measured. The motor component 
should not be longer than the time needed to select the target-character, otherwise 
switching of the layout or substitution of the character will be unnecessarily activated 
due to dwell time. (Figure 4.2. Upper graph thin line).  
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It was not possible to directly record the onset of motor activity concerning the 

selection of a particular symbol, that is, the onset of the cognitive component when the 
subject switched attention to a new task. Moreover, upper graph in Figure 4.2 (RTi – 
T0) shows the dynamics of the subject performance.  
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Figure 4.3. Average times (and standard deviation) needed to choose any character at 
average dwell time 700 ms regarding to predicted values (the left white columns) for 
the motor component. Summarized number of errors (the black columns) within the 

layer captured on 8 trials of the same subject (160 words, 1232 tokens). 

The correlation of the relative frequency of the characters used during the test with 
English letter frequency was about 0.91. The correlation between predicted motor 
component and received averaged selection time per character was 0.86. 
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Figure 4.4.  The strokes and the characters per word averaged on 10 trials for all the 
subjects (2400 words, 20400 characters). 
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The strokes per word and the characters per word comparison (Figure 4.4) was used 
to determine if subjects using the same word data set, would demonstrate any 
significant differences in the amount of (conditional) strokes that they need to enter 
words of the same average length. 

0

5

10

15

20

25

1 2 3 4 5 6 7 8 9 10 11 12
subjects

C
ha

rs
 p

er
 w

or
d

0

25

50

75

100

125

150

E
rr

or
s

Strokes per word Errors

 

Figure 4.5. The strokes per word, and the errors averaged on 10 trials for all the 
subjects (2400 words, 20400 characters).  

Gathered statistics concerning the averaged strokes per word and the averaged 
errors per subject were also gathered (Figure 4.5). The purpose was to investigate if 
there was a correlation between strokes and errors, since there were two different 
hypotheses. The first hypothesis was that the errors would not correlate to strokes per 
word, because the value for strokes included the layer changes, and waiting time.  
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Figure 4.6. The time per word (and standard deviation) and the errors averaged on 10 
trials for all the subjects (2400 words, 20400 characters).  
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The second, antithetical, hypothesis was that the errors would correlate with the 

number of actions needed to enter the word based on the assumption that as the number 
of manipulations increase so does the possibility for error. The second hypothesis was 
proved with high correlation rate, corr. = 0.9634.  

A comparison between the time per word and the errors was also considered to be 
of interest (Figure 4.6). A possible correlation between the two would be of great 
interest because of the many involved parameters that determine the two values. In 
certain cases the time per word could be higher because the subject was typing slow 
and that would presumably lead to fewer errors. From another viewpoint, the mere fact 
that some words would need more layer changes, equalling more waiting time, would 
affect the total time per word. With such varying parameters, it would be interesting to 
investigate possible coinciding trends. Still no any meaningful similarity was detected, 
corr.= 0.4678.  
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Figure 4.7. The average motor reaction time (and standard deviation) per character at 
dwell time 700 ms, and the typing speed in words per minute (8 trials, 1920 words, 

16320 characters), 

Motor reaction time was investigated as a parameter of text entry performance in 
terms of the adaptive dwell time technique applied (Figure 4.7). The purpose was to 
determine whether the reaction time deviations have an impact on  text entry speed and 
in what ways. There was an open issue as to whether fast gestures led to more errors, 
thus less typing speed, or if slow reaction meant slower text entry speed. No significant 
correlation in those parameters was found, corr. = -0.069.  
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Figure 4.8. Individual dynamics for adaptive dwell time averaged on 8 trials, 1920 
words, 16320 characters.T0 – the first variable interval and T1*2 – dynamical temporal 

window of the dwell time. 

Statistics were gathered for the individual dynamics of the adaptive dwell time 
(Figure 4.8). The purpose was to investigate the variations of the adaptive dwell time 
between trials, and moreover, to inspect how the variable interval and the temporal 
window were varying from subject to subject for further improvements of the algorithm 
and the technique. 

4.1.4. Discussion 

The black columns in Figure 4.3 show the summarized number of errors per character 
at the average dwell time of 700ms for one of the subjects. As it can be seen in this 
sample (Figure 4.3), there is complete lack of errors when the subject has to select the 
characters of the first layer, since it is very easy to memorize eight positions that are 
used so frequently. The data of other participants have a similar pattern with varying 
values. 

Summarized percent relative frequency of the characters used during the test for 
each layer, according to accessibility, and averaged on eight trials for the same subject 
is shown at the bottom of the Figure 4.3. 

From a total of eight characters that are present in the second layer, errors were 
made for four of them, namely p, d, h, g. For characters d and g in the second layer, 
errors were often determined by their coupled substituted function (delete) or character 
(j) that were accidentally activated in many occasions due to delayed lifting after 
gesturing. Character p was the character with the most errors, due to the fact that many 
of the subjects who memorized the positions of letters in the layer, knew that the 
characters a, p and b can be found in the upper right position, but they somehow 
expected the b character to be present in the second layer as a logical follow up to a.  
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The errors with the character p were always happening when the users were 

searching for it in the third layer.  
The third layer had predictably the higher number of characters for which errors 

occurred, since these characters are the least used in the English language, appearing 
only in about 10% in the test words. The subjects had fewer possibilities to experiment 
with the characters on this layer, thus they could not benefit from accumulating 
experience or developing a learning curve. 

What is noteworthy is that u on the third layer caused many errors, and a possible 
explanation is that most users expected to find all the vowels in the most immediate 
layers (first and second) and they had difficulty associating vowels with the distant and 
rarely used third layer. For similar reasons, y, which retains a certain ambiguity with 
respect to being a consonant or a vowel, was the cause of some of the errors in the third 
layer.  

It is obvious that the time per word is related to the number of motor actions 
(strokes) per word that one has to input. The term stroke that is applied to text entry 
with physical keys differs for the GDSB. To count how many motor actions the user 
has to apply to choose any character, it is necessary to summarize not only the 
movements but also the waiting for triggering layers substitutions of the characters, 
which is the duration of the dwell time. Based on the previous assumption, it could be 
expected that number of strokes is not proportional to the number of errors. The results 
showed the opposite (Figure 4.7), as there is a high correlation between strokes and 
errors (0.9634). This is probably based on the fact that the more the strokes needed, the 
highest the probability for error is.  

Concerning the time per word and the number of errors committed, the results 
showed a low correlation (0.4678) between them (Figure 4.6). This could have various 
explanations, but it should be noted that the time per word is affected by the waiting 
time between layers, and also by individual performance characteristics.  

While all the volunteers were not particularly motivated, there were several subjects 
with higher performance. They kept the errors at a minimum and, at the same time, 
were typing faster, while others had lower performance results. 

Figure 4.7 shows the average reaction time per character and typing speed in words 
per minute with the proposed adaptive technique during blind manipulation on the 
touchscreen. This may lead to the conclusion that motor reaction time does not have a 
strong effect on performance, and there are other personal attributes, such as accuracy 
(the number of errors) of the subject and learning skills, which makes the difference in 
Figure 4.4. That is certainly encouraging, since the subjects showed a clear tendency to 
gradually minimize their errors with practice, while motor reaction time had a normal 
physiological deviation and hence cannot be improved significantly with time. 
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Figure 4.8 shows the individual dynamics for adaptive dwell time. As it was 
expected, the average dwell time varied from trial to trial. It could be observed that 
dwell time is an individual parameter, but the variation of the first variable interval and 
of the dynamical temporal window is approximately equal for all the subjects. This 
variation reflects the general tendency of human performance dynamics.  

The absolute value of standard deviation of the dwell time was about 79 ms, 
averaged on 8 trials, 1920 words, 16320 characters. This value is commensurable with 
motor component of typing (about 20%) and essentially less than 5.4%, 3.5% and 2.6% 
of the overall time needed to choose any character from the first second and third layers 
accordingly. Thus, the conclusion can be drawn that typing speed may be improved if 
dwell time, that is about 47.5%, 62.6% and 69% of the overall time per character on 
each layer, would be removed in principle. Through using adaptive dwell time, much 
more information has been collected about dynamical changes of the user behaviour 
during the empirical testing of the new interaction technique. 

4.1.5. Summary 

With the proposed adaptive technique during experimental blind manipulation on 
touchscreen, three of the test subjects achieved a maximal typing speed of about 12 
wpm (with 9 to 13 errors) after 5 trials. These data are reported since those users 
actually achieved a good maximal typing speed, but in general, most of the participants 
achieved a dwell time of 700 ms and a typing speed of 7 wpm after 2 hours of 
experience with the Gesture Driven Software Button, which is also a very promising 
result for a blind text entry technique.  

The errors were related to the amount of strokes that are needed to complete the 
word. Also motor reaction time was found to be insignificant in relation to typing 
speed, which was considered to be a positive conclusion, as the motor reaction time 
cannot overcome some physiological deviations. Minimization of errors using this blind 
interaction technique was believed to allow faster typing. 

The mean speed of 7 wpm may not seem particularly impressive, but one should 
keep in mind that this result was achieved in an experimental set-up that acted as a 
prototype for an initial evaluation of the technique and investigation of some trends of 
the results. All the subjects were blindfolded novices, and an explanation of the layout 
was made verbally, which made the task more demanding. Also, a significant lack of 
accuracy was noticed on the touchscreen used. A better touchscreen, or stylus input was 
believed to guarantee higher text entry speeds.  

The tested words had an average length of 8.5 characters but automatic 
recalculation was used to receive the figure of words per minute with the average length 
of 5 characters per word. 7 wpm translates into 35 characters per minute, which is 
reasonable for blind text entry, especially in the majority of the applications used in 
mobile handheld devices. 
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4.2. Testing GDSB for stylus based smart devices  

4.2.1. Participants and procedure 

A total of sixteen volunteers from staff and students from the University of Tampere 
participated in this study. They were divided in two groups to test the two modes of the 
technique. The group that tested 2Key mode comprised of 6 males and 2 females, while 
the ADS testing group had 3 male and 5 female users. None of the participants had 
previous experience in entering text with a Gesture Driven Software Button. All but 
two of the participants were right handed. Participants were blindfolded during the 
experiment and the button’s layout was hidden at all times. The evaluations took place 
in a usability laboratory. The study was carried out on iPAQ Pocket PC 3800 series. 
The test program was written in Microsoft eMbedded Visual Basic 3.0.  

Initially the participants were given one trial to explore the technique and the 
features of the technique while they were tutored about the interface. One trial consisted 
of entering twenty words, randomly selected from a set of 150 words, and displayed 
one at a time at the top line on the screen for experimenter. The blindfolded subjects 
only listened to the test word and they repeated its playback on demand by clicking on 
the left arrow (physical) key of iPAQ pocket PC. As in the pilot testing, the test words 
were 6 - 13 characters in length, with mean 8.5. Each of the subjects accomplished 10 
trials, the last eight of which were taken for statistical analysis. 10880 characters were 
entered per each mode. Key figures such as the number of errors per trial, motor 
reaction times, average reply time and parameters of dwell were stored for each trial in 
a data array. 

4.2.2. Results of the empirical evaluation 

Typing speed was definitely the primary aspect of the GDSB that had to be investigated 
with the stylus-based version that was tested on the PDA. During the pilot test, stylus 
manipulation in conjunction with arrow (physical) keys for layer switching was 
predicted that could give a high boost to the typing speed. It also had to be determined, 
what are the differences in text entry speed with the two modes that we implemented in 
the PDA (2Key and ADS). 

A comparison between errors and typing speed was made to determine if there is a 
correlation between them. During the pilot test on desktop touchscreen display, such a 
connection was observed and that lower errors led to higher typing speeds. This 
comparison was made for both modes used in the GDSB for smart devices (Figure 4.9 
and Figure 4.10). It was of great interest to see if there would be significant differences 
between the modes, and if the ADS mode would demonstrate results similar to the pilot 
test that used an adaptive mode only. 

Reaction time and typing speed was also on focus of the test. Basically 2Key, the 
non-adaptive mode was of separate interest because the characters were entered 
immediately, without any waiting time. That led to a hypothesis that the faster the 
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reaction time to select a character, the faster would be the typing speed of the subject in 
question.  

As for the reaction time-speed connection when using 2Key mode (Figure 4.11), it 
was interesting to find out whether low correlation was to be indicated, as it has 
happened during the pilot test with the finger-based mode that used dwell time. But this 
time there was another hypothesis concerning ADS mode. The new argument was that 
the calculation of the reaction time is occurred dynamically. The reaction time is part of 
the dwell time, so it was concluded that would be very difficult for any correlation to be 
demonstrated, because there are no clear values, but the values are complicated by 
factors that were unable to be predicted or calculated beforehand. 
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Figure 4.9. The typing speed averaged on 8 trials for all subjects using ADS technique 
and 2Key mode (1280 words, 10880 tokens). 

Paired-samples t-test showed that there is a significant difference between the 
average typing speed for all subjects using the ADS technique and 2key mode (Figure 
4.9), t = 8.9, df = 7, p < 0.01. On the contrary the average error rates comparison for all 
subjects between the above mentioned modes and techniques showed that the data are 
incommensurable (Figure 4.10), as F2,16=0.228, t = -.667, df = 7, p < 0.01. The errors 
were happening for different reasons in each case and for each subject making 
comparison impossible. 
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Figure 4.10. The error rates averaged on 8 trials for all subjects using ADS technique 
and 2Key mode (1280 words, 10880 tokens). 
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Figure 4.11. The average motor reaction time (and standard deviation) per character, 
and the typing speed in words per minute (8 trials, 1280 words, 10880 characters) with 

2Key mode. 

4.2.3. Discussion  

During the experiments with 2Key mode, speed varied from 10 to 22 words per minute 
and the average typing speed was about 15 wpm or 75 characters per minute. It is a 
certainly adequate speed that offers a complete solution for blind text entry in 
touchscreen mobile devices. The average typing speed with ADS was about 9 wpm 
(standard deviation 0.8), which translates to about 45 characters per minute. Taking into  
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account that this is a blind interaction through touchscreen and it also supports one-
hand manipulation, this can be considered as a reasonable typing rate in comparison to 
4 wpm [Arato et al, 2004]. 

Contrary to what might have been the logical expectation, errors proved not to 
affect typing performance for both modes. The subject that achieved the maximal 
typing speed with 2Key mode had the same amount of errors with subject 7 which 
performed a lot worse. Subjects 3 and 6, who shared the same figure for typing speed, 
had a big difference in the amount of errors that they committed (Figure 4.10). The 
subjects with the second and third best typing performance had more errors than 50% of 
the total persons who took part on the experiment. About 30% of the errors during the 
experiment happened because of software was written in Visual Basic and some 
procedures could not be fast enough due to restrictions of hardware. The processor 
speed of the PDA used was 200 MHz. (software in Java has the same problems, as 
reported in [Arato, 2004]) Sometimes the users were typing so fast that the character 
was not entered, and they had to repeat it, while a continuity and rhythm are very 
important for typing. Since the errors were occurring mostly to the faster users at the 
peak of their performance, they were able to rapidly correct their error by re-entering 
the character 

Figure 4.11 shows that an inverse correlation between the reaction time with 2Key 
mode and the performance of the test subjects regarding typing speed is high enough -
0.9898. That is, the greater efficiency in typing is proportional to a consistently reduced 
reaction time. Also subjects demonstrated a clear tendency to react faster as they 
proceeded through the test sessions. For instance, the average reaction times for subject 
1 in ms decrease from 970 during the first session to 640 by the last session. The rest of 
the subjects followed a similar pattern and they were gradually improving their 
response time. Furthermore, all of them managed to reach, at least once during the 
experiment, values close to the average reaction time that correlates to about 18 wpm. 
When dwell time is being used (ADS mode), a calculation of the reaction time is 
occurred dynamically. Since the reaction time value is part of the dwell time, there is 
not a reasonable way to discuss the raw values of the response. 

Paired samples t-test demonstrated that there is a significant difference between 
average wpm for both techniques in two tested groups (2Key and ADS), t=8.9, dƒ=7, 
p<0.01. 

The average selection time of the characters in the first layer was about 760 ms 
using the 2Key mode. The average values for second and third layer were about 880 
and 1180 ms respectively. Those differences in time derived mostly from the different 
frequency of the characters used during the test that each group (layer) of the characters 
has. In that sense, the results are expected and slow selection time in the third layer 
came mostly because the characters in that layer occur infrequently in the English  
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language, less than 9%. Users did not have the chance to practice enough entering those 
characters, and the layout of the third layer failed to become as “intuitive” in its use as 
the commonly used first two layers. Thus, the figure for average selection time in the 
third layer is subject to significant decrease after experience with the technique is 
established. 

4.2.4. Summary 

Two modes of a text entry technique that is suitable for blind people were developed. 
The method can be adapted to many platforms. The technique was tested in a PDA to 
assess its suitability and effectiveness for smart mobile devices. The tests indicated that 
average text entry speed is in a high level for 2Key mode (15-18 wpm after two hours 
training) while the ADS mode is a reasonable trade off that balances speed (8-12 wpm) 
and accessibility offering single-hand manipulation. Another positive outcome of the 
testing is that typing errors with both modes of the technique do not threaten its 
effectiveness, as the majority of the users can easily correct them on the spot. Having a 
strong tool for text entry was identified as being the first but definite step to finally give 
full accessibility of smart mobile devices to visually impaired users. 

4.3.  The second test with the stylus-based smart phone version of the GDSB. 

4.3.1. Participants 

In order to test the developed technique, sixteen (unpaid) volunteers from staff and 
students of the University of Tampere were recruited. The subjects were distributed 
equally in two eight-person groups, each group assigned to test one of the two modes of 
the system. The testers of 2Key mode consisted of three females and five males. ADS 
testers were four males and four females. All participants were right handed, and none 
of them was familiar with gesture-based text entry in mobile devices.  

The transparency of the button ensured that its layout was not visible, but in 
addition, all the subjects wore a mask throughout the test to better simulate blindness.  

The testing hardware was an iPAQ Pocket PC 3800 series, and the software 
application was developed in Microsoft eMbedded Visual Basic 3.0.  

To maintain consistency with previous testing the subjects had to complete 10 text 
entry sessions consisting of 20 words each. The words were randomly selected from a 
set of 150 words taken from the list of the Words Frequencies [2004] according to the 
recommendations from [MacKenzie, 2001b]. The average length of the words during 
the experiment was 8.5 and although the words were in English, none of the testers was 
a native English speaker. 

The words to be entered were communicated to the testers through speech audio 
feedback that is a software component that can be activated on demand. One training 
text entry session was arranged for each participant to browse the capabilities and  
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demands of the technique. During this training session, the basic features of the Gesture 
Driven Software Button were explained. Additionally the subjects could seek 
supplementary information and clear any doubts about the GDSB, or the testing setup 
and procedure.  

The subjects completed a total of 10 sessions the last 8 of which were taken into 
account for statistical analysis. In 2Key mode, three subjects volunteered to do four 
extra sessions after one week. In this case also the first two trials were excluded from 
statistics, but there was no extra initial training session. The data that were collected 
and stored include dwell parameters, errors, typing speed and time per character to be 
entered. In total, data for the entry of 22780 characters with the GDSB were taken into 
account for statistical calculations. 

4.3.2. Results of the empirical evaluation 

1). Selection Time per Character 
An investigation of selection time per character using 2Key mode (Figure 4.12) was 
preferred over analysis of the ADS results. Selection time with ADS is complicated by 
dwell time, because dwell time changes dynamically due to adaptation. 

The average selection time of the characters in the first layer was about 763 ms (at 
standard deviation of about 249 ms). The average values and standard deviations for 
second and third layer were about 884 (s = 349) and 1188 (s = 420) ms respectively.  
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Figure 4.12. The average selection times, standard deviation and occurrences 

 per character for all subjects with 2Key mode. 

2) Text entry Speed and Learning Curves 
Text entry speed varied from 9.5 to 24 wpm using 2Key mode, with the average being 
16.5 wpm (at standard deviation, s = 3.16). ADS mode usage led to an expectedly  
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slower average speed of about 10.5 wpm (s = 1.92), due to its dwell time functionality. 
Both allow convenient vision-independent text entry for portable touchscreen devices. 

The learning curves of the technique were investigated for the first time, and they 
would offer some perspective as to how the subjects were progressing through their 
tasks from trial to trial (Figure 4.13 and Figure 4.14). Furthermore, some useful 
feedback could be received concerning the trendlines of their performance. 

8

12

16

20

24

1 2 3 4 5 6 7 8 9 10
Trials

wpm Typing Speed Trendline (Pol. 5th)

 

Figure 4.13. Averaged typing speed per trial, in order of occurrence, for three subjects 
that followed a similar positive trend in their learning curve (2Key mode). 
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Figure 4.14. Typing speed per trial for subject 6 that followed a typical fluctuating 
pattern in its learning curve (2key mode) 
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3) Errors and typing Speed 
The pilot test’s results and the first stylus-based test’s results showed inconsistent 
findings concerning the significance of errors for typing speed. The findings of the 
stylus-based version’s test were of great significance because they implied that errors 
did not affect typing speed. During the second test, the empirical data and conclusions 
regarding the accuracy of the technique had to be re-confirmed by comparing the typing 
speed with errors once more.  
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Figure 4.15. The average typing speed and errors per trial for subject 2 in 2key mode. 

4.3.3. Discussion 

1) Selection Time per Character 
The differences in time presented at Figure 4.12 derived mostly from the different 
frequency of the characters used during the test that each group of the characters has 
being placed into three layers. In that sense, the results are expected and slow selection 
time in the third layer came mostly because the characters in that layer occur 
infrequently in the English language (less than 9%). The subjects did not have the 
chance to adequately practice enough entering those characters, and the layout of the 
third layer failed to become as intuitive in its use as the commonly used first two layers. 
Thus, the figure for average selection time in the third layer is subject to significant 
decrease after experience with the technique is established. 

Characters A and T were received almost the same times during the experiment, but 
A was on average faster to be selected than T even though it was positioned diagonally. 

Also characters E and I were received more times than character N, and it was N 
which required less time to be selected on average in the first layer. The possible 
explanation of the above observations is that the direction of the stylus movement in a  
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direction from left to right could be easier and natural for most of the subjects’ 
individual preferences. This could also be related to an experience originating from 
handwriting. All the subjects (right-handed persons) when using a pen and a paper are 
writing from left to right in their languages. This fact had probably affected their 
performance when interacting by using the stylus with the software button during the 
test. 

In the second layer, predictably it was the character that was received more times 
that was also the one to be selected more rapidly on average, and that was character C. 
Character P that is positioned in the northeast direction was easier to be selected than 
character L that was situated in the north direction. G and M that were situated in the 
south and southeast directions respectively, revealed a similar pattern, which supports 
the previously mentioned findings about the prevalence of the right direction in 
gestures. 

In the third layer, all the characters except U were received in small occurrences 
which does not allow for any speculations other than that the upwards direction proved 
to be difficult to remember. Even though U was received two or three times more than 
any other character in that last layer, it was not the character that was easier to select. Y 
in the southeast direction was selected faster on average. 

J and Z are immediately noticeable in Figure 4.12 as especially slow to be selected. 
This was expected not only because they are rarely occurring characters, but also 
because they had to be entered using a slightly different interaction mode, using waiting 
time. It was an imperative to put the two less frequently used characters in English 
language in those positions, in order to overcome space restrictions with the less 
possible losses. 

When the layout of the button was designed findings from the research of Keuning 
and Houtsma, [2001] who investigated the cursor movement scanpaths in different 
directions were taken into account. The devices used in the study were an optical 
mouse, a mechanical mouse and an optical trackball. Although movement with a stylus 
in a touchscreen was not part of these experiments, some of their results were of interest 
concerning the development of the GDSB text-entry technique. The directions that were 
investigated as potential targets were the eight basic (0, 45, 90, 135, 180, 225, 270, 315 
degrees), the same that was used in the Gesture Driven Software Button. Findings about 
curvature showed that there was no curvature in the left and right directions. Another 
important conclusion of the authors was the fact that variability on the diagonal 
directions was higher for all three devices used in the test but not worse than 18 degrees 
and “standard deviations of adjacent trajectories do not overlap” [Keuning and 
Houtsma, 2001]. The deviations that were noted by Keuning and Houtsma, [2001] in 
the straightness of the paths were deemed as insignificant and thus it was concluded 
that the chosen layout for the GDSB was reliable concerning accurate target 
acquisition, at least in relation to the direction chosen. Also positive for the GDSB 



 48
blind interaction technique was the correlation that was made by the authors between 
distance and accuracy. Less curvature variation was expected with the Gesture Driven 
Software Button, because all the movements had to take place in a limited space around 
the central starting point. It is true that certain freedom of movement was provided 
concerning what should be the distance that the gesture ends after the user crosses the 
target (character) in the GDSB. In any case, expected gestures should not have been 
longer than a 3 cm maximum, and that was diminishing the expected variation on shape 
and curvature of the scanpaths even more since the tests of Keuning-Van Oirscot and 
Houtsma were conducted with distances of about 7 cm. 

Special trajectory analysis tests were not performed for the GDSB, but the results 
indicated that a gesture that follows a direction from left to right is easier and faster to 
be performed. A new layout that will follow the findings about user preferences could 
provide increased efficiency. The characters within the layers have to be rearranged in 
such a way that the most frequently used characters would be easily accessible. 
Frequency of characters provides a constraint that when it will be matched with 
individual user preferences can lead to optimized results for text entry with the GDSB. 

In any case, those variations in accessibility of directions that were noticed in the 
GDSB cannot be compared with the travelling that has to be done in order to reposition 
the stylus in two distant characters on a virtual keyboard. The loss of speed in the latter 
case is greater in extend. 

 
2) Learning Curves 
The way that the text entry speed varied from trial to trial for each subject was 
different. The data analysis indicated two different trendlines for typing speed, one 
clearly growing, and one fluctuating. Those two patterns are similar for both modes of 
the GDSB, with 2Key being slightly more indicative of those tendencies. 

Three of the subjects in 2Key mode, those who undertook the extra sessions after a 
week, demonstrate well the clearly positive trend concerning typing speed throughout 
the test, which is shown in Figure 4.13. 

The fluctuating trend appeared to have variable forms, but it basically follows a 
random increase and decrease of the speed of text entry in a different manner. A typical 
example of this variable trend’s pattern is shown in Figure 4.14. 

The results were captured during a learning process for each subject, and it is 
possible that the defining paragons for high typing speeds were: the ability to 
concentrate and self-motivation to attain individual records. 
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3) Errors and Typing Speed 
The analysed data suggested again that typing speed with the GDSB is unrelated to the 
number of errors committed using both modes. There was not any discernible 
correlation between the data, although they are typically used in combination to 
evaluate typing performance. A characteristic sample of this irregularity can be shown 
by the data of the subject 2 in 2Key mode (Figure 4.15). 

For example, during trials 4 and 5 the subject achieved almost the same typing 
speed, but the difference gap of the errors committed is wide and cannot justify any 
connection between the data. The trials 7 and 8 featured the two highest typing speeds 
achieved and although the figures were very close, errors were significantly more in the 
case of trial 7, which additionally was the faster of the two. Unfortunately, a new device 
was not acquired. An inadequacy of the PDA processor used (200 MHz) to perform 
steadily was noticed again, with this prototype version of the GDSB software written in 
Visual Basic. As a result, when the subjects were consequently and consistently 
entering characters fast, some procedures were interrupted and some of the characters 
were not entered. In those unfortunate cases users had to re-enter the characters in 
question. Subjects who were typing fast were prone to those errors and that partly 
explains how a very fast performer can demonstrate a rather high amount of errors. The 
GDSB was built around the concept of consistency and continuity and such delays in 
the text entry task were expected to have an immediate effect on the speed. It is 
promising that even though the cases of these continuity breaks were often, the persons 
managed to recover from their errors and keep their typing speed in a high average. 

Errors were occurring to the faster subjects when they were achieving remarkably 
high speeds. Those subjects already knew where the character was positioned and all 
they had to do was to repeat the same gesture again, so that the system would recognize 
it. As a conclusion, it was a combination of the experience and efficiency that did not 
allow errors to delay the interaction. Typing speed during error occurrences was 
additionally reinforced by the constricted size of the GDSB (23 × 23 mm2), which has a 
very limited dead zone (8 × 8 mm2) that assists gesture recognition. 
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4.3.4. Summary 

The Gesture Driven Software Button (GDSB) was designed and tested as a new tool for 
text-entry, being a vision-independent solution for stylus manipulated touchscreen 
devices. GDSB enables typing speeds in the range of 16-20 wpm, after two hours of 
training. In addition, the adaptive dwell-time selection (ADS) mode was realized to 
support a single-hand text entry technique and the adaptive feature that provides a 
convenient and auto-customizable way to enter the text.  

The learning curves of the technique suggested that there is a clear positive trend 
that can be at times affected negatively by lack of attention, or motivation, and the 
errors proved not to affect the typing speed negatively. 

The findings demonstrated a prevalence of the rightward direction gestures 
concerning typing speed results gathered with right-handed subjects. Rearranging the 
layout of the GDSB layers according to the ascertained attributes could definitely 
improve the efficiency of the novel text entry method proposed. The solution about 
character positioning in the layout was founded on the sequence of stylus movement, 
lifting, and consequent selection.  
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5. CONCLUSIONS 
It was expected that the dwell time for layer switching could not provide the fastest 
alternative, but it was important to investigate this method because it could provide an 
advantageous simple and flexible solution when implemented on small PDA 
touchscreens that have to be operated by one hand in most occasions.  

The final implementation of the technique on a PDA uses the adaptive mode (as 
described in this thesis) in conjunction with two arrow keys for changing layers. Those 
buttons eliminate the waiting time and provide equal accessibility to all layers. This 
alternative mode allows for instant access of characters because it combines its actions 
into one natural gesture, so that layer switching, character selection and text entry 
happen without additional dwell time (excluding 2 characters and symbols) but with the 
combination of physical/arrow key button press and parallel gesturing. Therefore, it 
started to become clear that the technique had a great potential. In the non-adaptive 
mode of the system (which was still under investigation at the time), the speed was 
anticipated to be significantly higher.  

The analysis of the results, collected from twelve blindfolded subjects, revealed an 
encouraging tendency that suggested that this technique was reliable and robust enough 
to be possibly used in a further set of application platforms, such as PDAs. It requires 
minimal space and can serve as a flexible and non-demanding text input tool for 
visually impaired users. 

An important conclusion from the pilot testing was that the combination of 
interaction based on Gesture Driven Software Button and physical keys could 
practically set the foundation for more intense usage of mobile devices with 
touchscreens by blind people. This became the target when developing the PDA stylus 
based version of the GDSB. 

The increasing use of Personal Digital Assistants and smart mobile phones pose 
significant problems for blind users. These devices are diminishing in size while their 
featured functionality grows up. As an outcome they had to replace physical keys by 
virtual buttons that can be operated on touch screens with the use of finger or stylus. 
Blind users cannot achieve the speed-accuracy trade-off for text entry with visually 
based input techniques as Unistrokes [Goldberg, 1997], Graffiti [MacKenzie and 
Zhang, 1997] or using special plastic keyguard as in EdgeWrite [Wobbrock et al., 2003] 
or [Arato et al, 2004].  
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A Gesture Driven Software Button metaphor was created. The input is a simple 
movement towards the eight basic directions in any position of touchscreen. Alphabet 
characters are positioned in three distinctive layouts that can be accessed either 
manually using two directional keys or automatically through dwell time. The usability 
of the technique was tested with 32 blindfolded novices who tried the system 
implemented on iPAQ pocket PC. A pilot test with 12 subjects was conducted 
beforehand for a finger-based version on a touchscreen display. 

The blind text entry technique with the GDSB has a unique combination of 
advantages. To start with, it requires minimal space. The size of the GDSB is 
23×23mm2(ergonomically suitable for a finger pad/tip), which has a very limited dead 
zone 8×8mm2 that is suitable for accurate gesture recognition. On top of that, the GDSB 
is transparent and leaves the whole display visible while it is active, which makes it an 
ideal solution for sighted users who do not want to loose screen space while typing. Its 
complete visual independency can suit the needs of many user groups. 

The gestures that are needed are simple and very easy to perform for the users and 
to recognize for the system. The layout that is basically an invisible pie menu is suitable 
for blind users who as a user group they are very familiar with those basic directions 
and they use them in their everyday life.  

To maximize the efficiency of the text selection, the layouts were arranged 
according to letter frequency.  Almost equal distance between successive characters is 
provided in terms of their accessibility from the previous one and the technique can still 
benefit from layout rearranging if more linguistic and behavioural features such as 
sequential gestures, or group of gestures will be taken into account. Those can be 
single-directive performing of the same gesture (character entry) in an arc-style of a 
clock face, which is the basic metaphor of the GDSB. An applied beneficial use of this 
sequential entry is words that end in TION (a quadgram that according to studies from 
MacKenzie [MacKenzie, 2001a] appears with a probability of about 1.78% in English 
language CORPORA) that can be entered by following a repetitive sequence in a 
rightward direction. Using such layout solutions leads to gestures that are cognitively 
less demanding and faster for the user to perform. 

GDSB enables typing speeds in the range of 16-20 wpm, after two hours of training 
using one of the implemented modes (2Key). For a blind text entry this is a very 
promising speed that will finally open the road to smart devices usage for visually 
impaired users. 

The dual mode that the GDSB provides is really convenient and allows both fast 
concurrent text entry and normal speed entry by enabling adaptive dwell time 
interaction, suitable for users of all skill levels. The adaptive version allows single hand 
text entry which is a major advantage for many people with special needs. 
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The learning curves of the technique suggested that there is a clear positive trend 

that can be at times affected negatively by lack of attention, or motivation. Finally, the 
amount of errors that is possible to be committed does not affect the efficiency of text 
entry and the fact that errors are easily and rapidly corrected can prove to be a unique 
advantage for the GDSB. The text entry flexibility, adaptability and ease of use make 
GDSB a promising candidate for a universal text entry tool to be used by both sighted 
and non-sighted users for their everyday tasks in a touchscreen-based PDA or smart 
phone. If the above are combined with the minimal, transparent nature of the GDSB 
then it is reasonable to speak about a full keyboard under the stylus or fingertip. 



 54
 

References 
[Abascal et al., 2004] Abascal J. Gardeazabal L and Garay N. Optimisation of the 

selection set features for scanning text input. Miesenberger et al. (Eds.): ICCHP 
2004, LNCS 3118, pp. 788–795, 2004. 

[Arato et al, 2004] Arato, A., Juhasz, Z., Blenkhorn P., Evans, G., Evreinov, G. Java-
powered braille slate talker. H.Murphy, K.Miesenberger, D. Burger (Eds.), In 

Proc. of the 9th International Conference on Computers Helping People with 
Special Needs. ICCHP 2004 Paris, France, 7-9 July 2004, LNCS Vol. 3118, 
Springer-Verlagb Berlin Heidelberg 2004, 506-513. 

[AT&T Natural Voices, 2005] AT&T Natural Voices Text-to-Speech Engine. Product 
information is available at: http://www.naturalvoices.att.com. 

[Bourhis and Pino, 2003] Bourhis G, Pino P Temporal analysis of the use of an 
augmentative communication device. In Proc of. AAATE’03. IOS Press, 
Netherlands 294-298. 

[Brewster and Brown, 2004] Brewster SA, Brown LM. Tactons: structured tactile 
messages for non-visual information display. In Proc. of Australasian User 
Interface Conference 2004 (Dunedin, New Zealand). Australian Computer 
Society, pp 15-23. 

[British Blind Sport, 2005] British Blind Sport. Web site 2005. 
http://www.britishblindsport.org.uk/archery.htm 

[Callahan et al., 1988] Callahan J, Hopkins D, Weiser M, Shneiderman B A 
comparative analysis of pie menu performance. In Proc of. CHI'88, Washington 
D.C. Web site 2004 http://www.catalog.com/hopkins/piemenus/callahan.ps. 

[Card et al., 1991] Card SK, Mackinlay JD, Robertson GG (1991) A morphological 
analysis of the design space of input devices. ACM Transactions on Information 
Systems 9:99-122. 

[Carnegie Mellon University, 2005] School of Computer Science, Carnegie Mellon 
University Web Site, 2005 http://www-2.cs.cmu.edu/~edgewrite/. 

[Dunlop et al., 2002] Dunlop, H., Jones, M. and Cunningham, S J. A digital library of 
conversational expressions - Helping Profoundly Disabled Users Communicate. 
In Proc. of the second ACM/IEEE-CS joint conference on Digital libraries, 
(Portland, Oregon, USA, July 2002), 273-274. 

[Evreinov and Raisamo, 2002] Evreinov G, Raisamo R. Tactile pointer for touchscreen 
manipulations. In Proc .of HANDICAP 2002. Paris. L’Institut Federativf de 
Recherche sur les Aides Techniques pour Personnes Handicapees, 115-120. 

[Evreinov and Raisamo, 2004] Evreinov, G., Raisamo, R. Optimizing Menu Selection 
Process for Single-Switch Manipulation. In H.Murphy, K.Miesenberger, D.  



 55
Burger (Eds.), In Proc. of the 9th International Conference on Computers Helping 
People with Special Needs. ICCHP 2004 Paris, France, 7-9 July 2004, LNCS Vol. 
3118, Springer-Verlag Berlin Heidelberg 2004, 836-844. 

[Geißler, 1995] Geißler, J. Gedrics: The next generation of icons. In Proc. of the 
INTERACT’95, Lillehammer Norway 1995, 73–78. 

[Gnatenko, 2004] Gnatenko V Multi-directional input keypad (the MIK) - text input 
solution for mobile devices. Web site 2004 http://www.vitgn.com/. 

[Goldberg, 1997] Goldberg, D., Unistrokes For computerized Interpretation of 
handwriting. United States Patent 5596656, 1997. 

[Gong et al., 2005] Gong J., Haggerty B., and Tarasevic P. An enhanced multitap text 
entry method with predictive next-letter highlighting. To be presented In Proc. of 
CHI 2005. 

[Hansen et al., 2003] Hansen JP, Johansen AS, Hansen DW, Kenji I, Satoru Command 
Without a Click: Dwell Time Typing by Mouse and Gaze Selections. In Proc of. 
INTERACT’03. IOS Press, IFIP pp 121-128. 

[Hinckley et al, 2005] Hinckley, K., Baudisch, P., Ramos, G., and Guimbretiere, F. 
design and analysis of delimiters for selection-action pen input phrases in 
Scriboli. To be presented In Proc. of CHI 2005. 

[Holzinger, 2003] Holzinger A. Finger instead of mouse: Touch screens as a means of 
enhancing universal access. N. Carbonell, C. Stephanidis (Eds.): User Interfaces 
for All, LNCS 2615, pp. 387–397, 2003. 

[Isokoski, 2004] Isokoski P Performance of menu-augmented soft keyboards In Proc. 
of CHI 2004, ACM Conference on Human Factors in Computing Systems, CHI 
Letters, 6(1): 423-430, 2004. 

[Jhaveri, 2003] Jhaveri N Two Characters per Stroke – A Novel Pen-Based Text Input 
Technique, in Grigori Evreinov (ed.), New Interaction Techniques 2003, Dept. of 
Computer and Information Sciences, University of Tampere (Report B-2003-5) 
10-15. Also available as  http://www.cs.uta.fi/reports/bsarja/B-2003-5.pdf. 

[Kamel and Landay, 2002] Kamel, H.M. and Landay J.A. A study of blind drawing 
practice: Creating graphical information without the visual channel. In Proc. of 
ASSETS 2000, ACM Press, New York, NY, USA, 2002, 34-41. 

[Keuning and Houtsma, 2001] Keuning, H. and Houtsma, A.J.M. Cursor trajectory 
analysis. In Bouwhuis, IPO Annual Progress Report 35. Eindhoven University 
Press, Eindhoven, 2001, 128-139. 

[Lesher et al., 2000] Lesher,G.W., Higginbotham, D.J. and Moulton B.J. Techniques 
for automatically updating scanning delays, In Proc. of the RESNA 2000, Annual 
Conference. Washington, DC: RESNA Press, 85-87. 



 56
 
[MacKenzie and Zhang, 1997] MacKenzie, I. S., & Zhang, S. The immediate usability 

of Graffiti. In Proceedings of Graphics Interface '97 Canadian Information 
Processing Society, Toronto 1997, 129-137. 

[MacKenzie, 2001a] MacKenzie, I.S. Web Site 2001, 
http://www.cs.uta.fi/%7Escott/mmm/d1-quadgramfreq.txt]. 

[MacKenzie, 2001b] MacKenzie, I.S. A note on phrase sets for evaluating text entry 
techniques. Web site 2004 http://www.yorku.ca/mack/RN-PhraseSet.html 

[MacKenzie, 2002] MacKenzie, I. S.  KSPC (keystrokes per character) as a 
characteristic of text entry techniques. In Proc. of the Fourth Int. Symposium on 
Human-Computer Interaction with Mobile Devices, Springer-Verlag, Heidelberg, 
Germany, 2002, 195-210. 

[Mankoff and Abowd, 1998] Mankoff, J. and Abowd, G.D. Cirrin: A word-level 
unistroke keyboard for pen input. In Proc. of UIST '98 
Technical note ACM Press, New York, 1998, 213-214. 

[Moyle and Cockburn, 2002] Moyle M, Cockburn A  Analysing mouse and pen flick 
gestures. In Proc. of the SIGCHI-NZ Symposium On Computer-Human 
Interaction. Hamilton New Zealand, 2002, 19-24. 

[Nesbat, 2003] Nesbat SB A system for fast, full text entry for small electronic devices. 
In Proc.of ICMI’03, ACM Press, 4-11. 

[Nokia 7710 User Guide, 2005] Nokia 7710 user guide, available at 
http://www.nokia.com/nokia/0,8764,69356,00.html 

[palmOne, 2005] PalmOne Web Site 2005 www.palmone.com 
[Partridge et al., 2002] Partridge K, Chatterjee S, Sazawal V, Borriello G, Want R 

TiltType accelerometer-supported text entry for very small devices. In Proc.of 
ACM UIST Symposium on User Interface Software and Technology. ACM Press, 
201-204 

[Perlin, 2005] Perlin, K. On-line Quikwriting Applet 
http://www.mrl.nyu.edu/perlin/demos/quikwriting.html 

[Pie Menu Central, 2005] Pie Menu Central web site 2005, www.piemenu.com . 
[Pocketgear 2005] Pocketgear Web Site, 2005. 

http://www.pocketgear.com/software_detail.asp?id=4847 
[Rönnberg et al., 2002] Rönnberg J, Samuelsson E, Borg E Exploring the perceived 

world of the deaf-blind: On the development of an instrument. International 
Journal of Audiology, 41:1:136-143. 

[Royal Blind Society, 2005] Royal Blind Society. Web site 2005 
http://www.rbs.org.au. 

[Sazawal et al, 2002] Sazawal, V., Want R., and Borriello, G. The unigesture approach: 
One-handed text entry for small devices. In Proc. of Mobile HCI ’02 Pisa, Italy, 
Springer-Verlag, Heidelberg, Germany, 2002, 256-270. 



 57
 
[Schwesig et al., 2004] Schwesig C., Poupyrev, I. and Mori, E. Gummi: a bendable 

computer. In Proc. of CHI 2004 (Vienna, Austria) ACM Press, New York, 2004, 
263-270. 

[Simpson and Koester, 1999] Simpson RC, Koester HH Adaptive one-switch row-
column scanning. IEEE Transactions on Rehabilitation Engineering 7:(4): 464-
473  

[Stephanidis and Savidis, 2001] Stephanidis C, Savidis A. Interface development 
toolkits for non-visual and switch-based interaction. In Proc. of. ERCIM News, 
Special Theme: Human Computer Interaction 46, 14-15. 

[The SIMS, 2005] The SIMS Video Game, Electronic Arts, Web site 2005 
http://www.thesims.com 

[Vanderheiden, 1996] Vanderheiden GC Use of audio-haptic interface techniques to 
allow nonvisual access to touchscreen appliances. In Proc. of Human Factors and 
Ergonomics Society Annual Conference. Web site 2004 
http://www.tracecenter.org/docs/touchscreen/chi_conf.htm 

[Venolia and Neiburg, 1994] Venolia D, Neiburg F (1994) T-cube: A fast, self-
disclosing pen-based alphabet. In Proc. of CHI’94, ACM Press, 265–270 

[Wobbrock et al., 2003] Wobbrock, J.O., Myers, B.A. and Kembel, J.A. EdgeWrite: A 
stylus-based text entry method designed for high accuracy and stability of motion. 
In Proc. of the ACM Symposium on User Interface Software and Technology 
(UIST '03) Vancouver, British Columbia November 2-5, 2003, ACM Press, New 
York, 2003, 61-70. 

[Word Frequencies, 2004] Word Frequencies, University of Tampere, Web site (2004) 
http://www.cs.uta.fi/%7Escott/mmm/WordFrequencies.xls. 

[Yfantidis and Evreinov, 2004] Yfantidis, G. and Evreinov, G. Adaptive blind 
interaction technique for touchscreens. International Journal Universal Access in 
the Information Society, 4, 4, (2004). Springer-Verlag Berlin Heidelberg. 

[Zhai and Kristensson, 2003] Zhai, S. and Kristensson, P.O. Shorthand Writing on 
Stylus Keyboard. In Proc. of ACM Conference on Human Factors in Computing 
Systems (CHI ’03), CHI Letters (5)1, 2003, ACM Press, 97–104. 

[Zhai et al., 2000] Zhai, S., Hunter, M., and Smith, B. A. The metropolis keyboard - an 
exploration of quantitative techniques for virtual keyboard design. In Proc. of the 
13th annual ACM symposium on User interface software and technology, San 
Diego California, 119-128. 


