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Abstract 

Inspired by an observational study of Egyptian Agricultural Census counters, this research 

aims to improve mobile data entry though better form navigation and improved Arabic text entry. Four 

improvements were taken into consideration in sequence: (1) minimizing large forms to fit small 

mobile device screens and easing form navigation process, (2) optimizing Arabic keyboard layout to 

suit Arabic Language users, (3) introducing Gesture-based Arabic Writing Pads (GBAWPs) that fit 

small mobile device screens and smart watch surfaces, and (4) enhancing a quantitative prediction 

model to overcome the defect in modeling interactions on mobile devices.  

This research shows an improvement of form navigation on mobile devices. The approach is 

based on computerizing forms and using Panning and Zooming as a navigation technique. In order to 

do so, an observational study was conducted on the Egyptian Agricultural Census (EAC). However, 

there were considerable challenges in reducing the size of the paper forms to fit mobile devices and 

introducing fast navigation technique. It was concluded after computerizing the forms that using the 

Panning and Zooming technique scored less completion task time and workload in comparison to the 

tabbed navigation technique.  

Moreover, this research presents a new design of an Arabic keyboard layout for effective text 

entry on touch screen mobile phones. The approach is based on Pareto front optimization using three 

metrics: minimizing finger travel distance in order to maximize speed, minimizing neighboring key 

error ambiguities in order to maximize the quality of spell correction, and maximizing familiarity for 

Arabic Language users through approximate alphabetic sorting. In user studies, the new layout showed 

an observed improvement in typing speed in comparison to a common Arabic layout. Currently, there 

is an  opportunity to research new optimized keyboard designs with less usage experience than 

QWERTY as in mainstream Western European languages. Pareto optimization can produce high 

quality keyboards for alphabet based languages that could be beneficial when there is less reluctance 

to change from QWERTY. 

Furthermore, this research also illustrates Gesture-based text entry as a method used for mobile 

devices. Its success and acceptance is critically dependent on the reliability of gesture recognition. The 

gesture recognition of the GBAWP is accomplished through a sequence of touched points or swipes on 
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the screen. In order to maximize the text area field and minimize the number of keys displayed on the 

screen, a 12-key GBAWP interface was introduced appearing like a 12-key physical keypad phone. 

Considering the Arabic letters characteristics, structure, and maximizing speed, a 6-key GBAWP 

layout based on dot recognition was introduced. After conducting usability tests on both the 12-key 

and 6-key GBAWP, it was found that users could perform text entry on mobile devices using the 12-

key GBAWP with an estimate of 2.9 words-per-minute on average. They also executed text entry tasks 

on a Sony SmartWatch 2 with an average of 3.2 words-per-minute. This could increase to an estimate 

of 4.5 words-per-minute on average, on the long term. While entry speeds were slow, users found it 

easy to use and it supports largely eyes free interaction. Gesture-based technique enables users to 

perform Arabic text entry on small display mobile devices and watches using both the 12-key and 6-

key GBAWP. 

Finally, this research introduces an enhancement to KLM (Keystroke-Level Model), a 

quantitative prediction model predicting the user’s behaviour in low-level tasks. This was acomplished 

by extending it with three new operators describing interactions on mobile touchscreen devices and 

tablets. The approach is based on Fitts’ Law to identify a performance measure estimate equation for 

each of the introduced interactions. Three prototypes were developed to serve as a test environment in 

validating Fitts equations and estimating the parameters for these interactions. Three-thousand and 

ninty observations took place with a total of 51 users. The studies confirmed that most interactions 

fitted well with Fitts’ Law. On the other hand, it was noticed that Fitts’ Law does not fit well on small 

mobile device screens when the Index of Difficulty exceeds 4 bits. These results enable developers of 

mobile device and tablet applications to describe tasks as a sequence of operators used and predict user 

interaction times prior to creating prototypes. 
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 Introduction  

1.1 Motivation 

Human–computer Interaction (HCI) involves the study, planning, and design of the interaction 

between users and computers. This interaction arises from introducing new techniques that help the 

user to accomplish the task in an easy, fast, and accurate way. Understanding the mentality, ability and 

need of users is the core of developing and improving these techniques. Accordingly, the user was 

placed at the center of the design and the concept of ‘User-Centered Design’ (UCD) was introduced.  

UCD is a broad term to describe design processes in which end-users influence the design 

outline. It is a broad philosophy with a variety of methods. There is a spectrum of ways in which users 

are involved in UCD, but the important concept is that the users are involvement in a one way or 

another (Abras, et al., 2004; Black, 2008). A user-centered approach is particularly useful when a new 

technique is introduced or when a step-change in an existing technique is required.  

This research investigates improving form navigation and form fill-in behavior for Counters of 

the Egyptian Agricultural Census (EAC), introducing optimized keyboard layouts for Arabic users, 

providing new Gesture-based text entry technique on small display mobile devices for Arabic 

language, and enhanceing KLM (Keystroke-Level Model), a quantitative prediction model predicting, 

by extending it with three new operators describing interactions on mobile touchscreen devices and 

tablets. 

An observational study was conducted on the Egyptian Agricultural Census (EAC). It targeted 

the techniques used in running the census process, such as; forms fill-in, data entry, and the process’s 

accuracy. Throughout the observations and discussions with senior counters, it was found that most 

counters could be categorized as having low to zero levels of experience dealing with computerized 

devices such as; PCs, laptops, tablets, and/or smart-phones. For reference, the percentage of computer 

users was approximately 23% in Egypt in July 2010. This percentage increased to 42.78% in July 

2013 (Ministry of communication and Information Technology, 2013). 
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Although, there is technological progress in information-gathering systems and data collection, 

the Egyptian Ministry of Agriculture and Land Reclamation still collects the data manually on large 

(double sided 100x35 cm) paper forms in books (40 forms per book). The Ministry then transfers the 

books to the headquarters, and then enters the data to a database system using “Data Entry” employees 

– separate from the counters – primarily because of the low technical background of the counters. This 

double entry has been identified as affecting the accuracy of data and increasing the cost of the census. 

However, regarding text entry, mobile devices are equipped with virtual keyboards having no 

physical buttons. Letters are selected by tapping the screen of a mobile device. Past researchers have 

proposed many techniques to optimize keyboard layouts for mobile devices. However, the suggested 

techniques were massively dominated by English language for text entry, keyboard layout, and 

statistical models, while there was a lack in research targeting the optimization of keyboard layout for 

other alphabet-based languages such as Arabic.  

Additionally, Gesture-based text entry is a method used for mobile devices. In this method, 

gestures are drawn instead of tapping keys on the screen. The gesture recognition for the gesture-based 

text entry is accomplished through a sequence of touched points or swipes on the screen. Yet, a 

minimum number of researches focused on introducing text entry on small screen devices such as 

watch surface. Moreover, researches targeting the introduction of gesture-based text entry for other 

languages such as Arabic were never tackled. 

Finally, in order to evaluate a new technique or an existing one, a quantitative prediction model 

must be introduced. KLM is the model that could be used to estimate the time taken to complete 

simple data input tasks. Past researches have proposed many enhancements for KLM to evaluate 

different techniques. Still, KLM cannot totally describe new interactions used on mobile devices and 

tablets nowadays. 

1.2 Problem Statement 

While, there is technological progress in information-gathering systems and data collection, yet 

the Egyptian Ministry of Agriculture and Land Reclamation still collects the data manually. 

Introducing more computerized data collection using electronic forms and improved form navigation 

on mobile devices led to interesting questions such as; what is the attitude of the counters towards 
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computerizing the form? Will counters face challenges upon computerizing the form? How will the 

change of size from large forms to tablets affect interaction? Will the need to navigate through the 

form affect external working memory of the counters? And do Pan and Zoom techniques better 

support their working memory? 

On the other hand, there is a technological progress in text entry, especially in optimizing 

keyboard layout, still there is an absence in research targeting the optimization of keyboard layout for 

other alphabet-based languages such as Arabic. There are questions that need to be answered as; what 

is the attitude and ability of the Arabic Language users for text entry? How will they deal with the 

optimized Arabic keyboard layout? Is the optimized Arabic keyboard more familiar regarding letters 

position than the Apple Arabic keyboard layout? And will it support fast and accurate text entry? 

Even though the Gesture-based text entry method was introduced, there is still the problem of 

researches not targeting languages such as Arabic, or not considering the characteristics of the 

character as a target in the optimization process. This also led to the introduction of some questions 

such as; will this method support fast and accurate text entry? What are the expected entry speeds? 

How far can this method for Arabic text entry be compared to alternative English text entry methods? 

And will this method enable Arabic text entry on small screen mobile devices?  

Additionally, as mentioned previously there are few enhancements on quantitative prediction 

model, such as KLM, which enable it partially to estimate the time taken to achieve certain new 

interactions done on mobile devices and tablets. This takes the research to answer some important 

questions such as; is KLM capable of handling more interactions done on mobile devices and tablets? 

Do the new operators describing these new interactions fit into Fitts’ Law? Did previous research 

introduce precise prediction equations used to estimate the time taken for certain interactions? And can 

KLM be the model used to evaluate newly developed keyboard layouts, despite of the language, for 

mobile devices and tablets? 

1.3 Research Objective 

The research aims at implementing improvements, which enable the users to carry out the data 

entry process efficiently using mobile devices and tablets. This is done first by observing the user, who 

is a counter of the EAC using Arabic Language. Afterwards, introducing a computerized data 
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collection using electronic forms with improved form control and navigation on mobile devices. This 

comes in the phase of improving Form fill-in area, as shown in figure 1.1.  

  
Fig 1.1 Flow of the research  

 Furthermore, increasing data entry rate by optimizing the Arabic keyboard layout located on 

mobile devices. The approach is based on Pareto front optimization using three metrics: minimizing 

finger travel distance in order to maximize speed, minimizing neighboring key error ambiguities in 

order to maximize the quality of spell correction, and maximizing familiarity for Arabic Language 

users through approximate alphabetic sorting. Moreover, by developing a 12-key Gesture Based 

Arabic Writing Pad (GBAWP) interface appearing like a 12-key physical keypad phone, in order to 

maximize the text area field and minimize the number of keys displayed on a watch screen. In addition, 

by presenting a 6-key GBAWP layout based on dot recognition, which takes into consideration the 

Arabic letters characteristics, structure, and maximizing speed.  

Finally, after presenting an enhancement of form navigation using Panning and Zooming on 

mobile devices, an optimized Arabic keyboard layout, and the 12-key and 6-key GBAWP. An 

enhanced quantitative prediction model must be introduced to evaluate these techniques and keyboards, 

the research enhances KLM, by extending it with new operators necessary to describe three 

interactions used on mobile devices and tablets.  
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1.4 Research Methodology 

Based on the nature of this research, it was mainly intended to investigate and improve text 

entry and mobile interaction techniques for Arabic language users. Inspired by observations of the 

Egyptian Agricultural Census process, the first part enhances the form navigation using Panning and 

Zooming on mobile devices. The second part is all about improving the text entry field through 

developing a new optimized Arabic keyboard layout. When it comes to the third part, it constitutes a 

presentation of a 12-key and a 6-key GBAWP. Eventually, the last part discuses the improvement of 

the quantitative prediction model KLM to prepare it to be able to handle tasks on mobile devices and 

tablets. Qualitative methods and user studies, design and iterative prototyping, and evaluation, all 

known in HCI research over the years (Dix et al., 2003), were used respectively to accomplish the aim 

of this research. Overall, the research abided by phases of qualitative analysis to understand users, 

followed by the development of mobile prototype system. Eventually, this leaded to formal usability 

experiments of the prototypes. 

Although there is technological progress in information-gathering systems and data collection, 

the Egyptian Ministry of Agriculture and Land Reclamation still collects the data manually on large 

paper forms. The Ministry then transfers the books to the headquarters, and then enters the data to a 

database system using “Data Entry” employees. This double entry has been identified as affecting the 

accuracy of data and increasing the cost of the census. From here the idea of introducing a 

computerized data collection method, using electronic forms with improved form control and 

navigation on mobile devices, was initiated. 

A qualitative research was done in the form of a field observational study of the EAC for data 

collection. The aim of the study was to escort 10 EAC counters, while collecting field data through 

personal interviews with the holders in their places of residence and filling several items on paper 

forms. Handwritten notes regarding the process flow and photos were taken. Accordingly, two 

electronic prototypes were created based on those items using two techniques; selecting and typing. As 

for the selection technique, the first prototype used Panning and Zooming navigation while the other 

used Tabbed navigation. Regarding the typing technique, the standard Arabic keyboard layout was 

used for the text entry process. The electronic versions of prototypes were implemented using HTML5 
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and JavaScript. The standard Safari browser was used to display the electronic prototype versions 

using an Apple iPad 2. 

A number of EAC counters, nominated by and worked at the Egyptian Ministry of Agriculture, 

were asked to go through the evaluation process by executing preplanned tasks on both prototypes. 

Their age, gender, study, and work varied, while all were bachelor degree holders. The dependent 

variables were task-completion time (in seconds), interface preference, and subjective workload. The 

results were statistically analyzed using T-test. Moreover, questioning users through semi-structured 

interviews and NASA Task Load Index questionnaire were used to extract user’s preferences.  

Accordingly, it was noticed that there is difficulty in handling text entry tasks using the 

available Arabic keyboard layout. However, this lead to the need for improving the text entry process 

by developing a new optimized Arabic keyboard layout. Dunlop and Levine (2012) introduced an 

optimization technique for English keyboard layouts based on Pareto front optimization. In fact, the 

Pareto front optimization technique was used in this research to optimize keyboard layouts of 

languages rather than English, such as Arabic, in order to improve text entry speed.  

A qualitative research was done in the form of an observational study for data collection. 

Volunteering native Arabic speakers were asked through semi-structured interviews to give their 

preferences/recommendations regarding two suggested paper keyboard layouts. Subsequently, 

prototype developing took place, upon users preferences, using Pareto front optimization technique to 

develop the layout for the Arabic keyboard. The electronic version of prototypes was implemented 

using Java displayed using safari on HTC Desire S.  

Evaluation was carried out with the help of volunteering native Arabic speakers who were 

asked to go through a set of preplanned procedures. Although their age, gender, study, and work 

varied, still they were all bachelor degree holders living and working in Egypt. The dependent variable 

was words-per-minute. Results were analyzed statistically using T-test. In addition, questioning users 

through semi-structured interviews was done to extract user’s preferences. 

Based on the above-mentioned observations, the idea of decreasing the input area for non-

English text entry to fit small devices using gesture based technique was introduced. Wobbrock, 

Myers, and Kembel (2003) presented EdgeWrite technique that provides stable text entry for people 
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with motor impairments. Moreover, Dunlop (2004) introduced an English text entry system for the use 

on a watch face. By merging both techniques and understanding the Arabic letters characteristics and 

structure, a new GBAWP was introduced in this research to provide text entry with high speed.  

A qualitative research study was done for data collection. Volunteering native Arabic speakers, 

living and studying in the United Kingdom, were asked to perform a study on text entry fragmentation 

for Arabic language, using pen and paper, to record text entry speeds. Accordingly, a 12-key GBAWP 

interface appearing like a 12-key physical keypad phone was developed. This came in the context of 

maximizing the text area field and minimizing the number of keys displayed on the screen. Moreover, 

considering the Arabic letters characteristics and structure together with maximizing speed, an 

optimization technique based on dot recognition was used to create a 6-key GBAWP. This pad is 

designed to fit on smaller display mobile devices such as watch screens. The electronic versions of 

prototypes were implemented using HTML5, Java, and JavaScript displayed using safari on Apple 

iPad 2, an Apple iPad Mini, and a SONY SmartWatch 2 connected to a Motorola Moto G via 

Bluetooth. 

Consequently, after developing the 12-key and 6-key GBAP prototypes, volunteering native 

Arabic speakers were asked to carry out a set of preplanned tasks for the evaluation process. The age, 

gender, study, and work of participants varied, while all were bachelor degree holders living and 

working in Egypt. The dependent variable was words-per-minute. Results were analyzed statistically 

using T-test and evaluated using enhanced KLM-GOMS model. 

After presenting an enhancement of form navigation using Panning and Zooming on mobile 

devices, an optimized Arabic keyboard layout, and the 12-key and 6-key GBAWP, a quantitative 

prediction model must be introduced to evaluate these techniques and keyboards. Models, such as 

GOMS (Goals, Operators, Methods, and Selection rules) and KLM have been shown to be useful tools 

in modeling interaction and in deciding between, and filtering out designs (Card et. al, 1983).  

The development of three prototypes came in the process of enhancing KLM derived from 

GOMS model. These prototypes reflected three main interactions used nowadays on tablets and 

mobile devices (Swipe, Tap, and Zoom). They were built to estimate the time taken to conduct these 

interactions. Fitts’ Law (Paul Fitts, 1954) was used to analyze the general case of estimated time taken 
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for these interactions. The electronic versions of prototypes were implemented using HTML5 and 

JavaScript displayed using safari on an Apple iPad Mini.  

Volunteering participants were asked to go through the evaluation process by executing 

preplanned tasks. Their age, gender, study, and work varied, while all of them were bachelor degree 

holders living and working in Egypt. Additionally, three equations were formed to estimate the 

movement time for three interactions; Swipe, Tap, and Zoom. 

In summary the techniques used were: 

Chapter 3: Improving form control and navigation on mobile devices 

• In-field observation of an EAC census officer. 

• Development of two iPad prototypes using HTML5 and JavaScript. 

• Questionnaire and controlled usability test with 20 EAC census officers. 

• Statistical analysis of timing and workload data. 

Chapter 4: Optimizing Arabic Text Entry on Mobile Devices 

• An observation of 10 Arabic Language users using two different Arabic keyboard layouts. 

• Semi-structured interviews to extract users preferences. 

• Development of an android prototype using Java. 

• Questionnaire and controlled usability test with 40 users. 

• Statistical analysis of timing data. 

Chapter 5: Gesture-Based Arabic Writing Pad 

• An observation of 15 Arabic Language users on text entry fragmentation for Arabic language. 

• Semi-structured interviews to extract users preferences. 

• Development of prototypes for iPad and SONY Watch using HTML5, Java, and JavaScript. 

• Questionnaire and controlled usability test with 30 users. 

• Statistical analysis of timing data. 
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Chapter 6: Enhancing KLM on Mobile Devices 

• Development of three iPad prototypes using HTML5 and JavaScript. 

• Controlled usability test with 30 users. 

• Statistical analysis of timing data. 

• Formation of three equations to estimate the movement time for three interactions using Fitts 

Law. 

1.5 Report Organization 

The dissertation is divided into seven chapters. Chapter one is an introduction defining the 

main points of the research. Chapter two, a literature review will be introduced to give an overview of 

the importance of the techniques utilized in the research. It will cover UCD methodology, text entry 

concept on mobile devices, and KLM-GOMS model for mobile device interactions. Chapter three, a 

study was done regarding the improvement of form control and navigation on mobile devices. Chapter 

four illustrates an informal survey on key distribution of Arabic keyboard, and the way of optimizing 

the Arabic keyboard layout. Chapter five, a Gesture-based text entry technique on small display 

mobile devices will be presented, were Arabic text entry was performed on small display mobile 

devices and Sony SmartWatch 2 using both the 12-key and 6-key GBAWP, respectively. Chapter six, 

an enhancement on KLM model to handle interactions on mobile devices and tablets will be 

introduced, were 51 users participated in conducting three user studies with a total of 3090 

observations. Chapter seven, a final conclusion is drawn with a future work plan together with key 

contributions. Finally, references and appendices are presented.  
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 Literature Review   

Human–Computer Interaction (HCI) involves the studying, planning, and designing the 

interaction between users and computers. Indeed, S. Card, T. Moran, and A. Newell were the first 

researchers to define this term in their book, "The Psychology of Human-Computer Interaction" in 

February 1983. The HCI term indicates that a sort of an open-ended dialog arises between the user and the 

computer (Card, et al., 1983). Interaction between users and computers occurs at the user interface, 

where objects can be displayed on the screen, input received via keyboards and mouses from user, or 

other user interactions with large-scale computerized systems such as aircraft and power plants 

(Myers, 1998).  

Because Human–Computer Interaction studies a human and a machine in conjunction, it relies 

on supporting knowledge from both. On the machine side, techniques in computer graphics, operating 

systems, programming languages, and development environments are relevant. On the human side, 

communication theory, graphic and industrial design disciplines, linguistics, social sciences, cognitive 

psychology, and human factors such as computer user satisfaction are important (Grudin, 2007).  

One of HCI basic goals is to make computers more usable and receptive to the user's needs. 

Furthermore, systems are designed to minimize the barrier between the human's cognitive model of what 

they want to accomplish and the computer's understanding of the user's task (Sears and Jacko, 2007; Jacko 

and Sears, 2003). Therefore, researchers in HCI are interested in developing new design methodologies for 

interfaces, introducing techniques for evaluating and comparing interfaces, experimenting with new 

hardware devices, prototyping new software systems, exploring new paradigms for interaction, and 

developing descriptive and predictive models and theories of interaction (Norman, 1988). Their work often 

revolves around not only designing graphical user interfaces but also web interfaces. 

The study, design, and development of interaction for mobile devices and services have 

become an area of significant research field in the past years, in which mobile devices and 

technologies have only been available for less than a decade. These devices and technologies are 

largely spread without any training, leading the focus of HCI researchers to contribute in such a young 

field.  
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Since the emerging of Mobile HCI field, research has focused mainly on the improvement of 

techniques and devices themselves: how to accommodate small screens, how to make devices smarter, 

how to design faster input mechanisms, how to establish more reliable communications, etc. 

Nowadays, a new approach is taken into account, which adds the larger social and contextual factors 

surrounding mobile device to the study, design, and development process. 

This chapter gives a quick review on literature. It is divided into three sections. In the first 

section, ICT4D in developing countries is illustrated. In the second section, brief description of text 

entry concepts are given. In the final section, GOMS model and specifically KLM (Keystroke-Level 

Model), a quantitative prediction model, are introduced. 

2.1 ICT4D in developing countries (case study in Egypt) 

Information and Technology for Development (ICT4D) utilises technologies, an example of 

which are personal computer, mobile devices, and the Internet, to improve the socio-economic status 

of developing countries. The “Development” term in ICT4D not only refers to elimination of 

economic poverty from third world developing countries, but also works on the improvment of the 

quality of life for poor societies in rich countries (Toyama, 2010).  

Users in ICT4D are different from those who are known by HCI researchers. In 2011, total 

world population was estimated at 6.9 billion. Most of HCI researches targeted the 1.6 billion PCs 

users (Computer Industry Almanac, 2012) and neglected the rest. Despite the fact that this latter 

population are unfamiliar with PCs, they are becoming rapidly familiar with other computing mobile 

devices such as mobile phones. A total of around 6 billion active mobile-phone accounts in the world, 

mostly in developing countries, was sighted between 2010 and 2011 (ITU, 2012). Accordingly, this 

has helped with the introduction of Mobile HCI research in ICT4D. 

In Egypt, as a study case, it was found that more than half the Egyptian population could be 

categorized as users of minimal technological background. That is to say, they are perceived as having 

low to zero levels of experience dealing with computerized devices such as PCs, laptops, tablets, 

and/or smart-phones. For reference, the percentage of computer users was approximately 23% in 

Egypt in July 2010. This percentage increased to 42.78% in July 2013 (MCIT, 2013). As mentioned 

previously, a user-centered approach is useful when introducing new technique. Therefore, 

considering their mentality, ability, and need was the inspiration behind seeking enhancement in 
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interaction handled on mobile devices, and it is important to ground the research in the intended 

context of use.  

This section introduced Information and Technology for Development (ICT4D), focusing more 

on users in developing countries such as Egypt. The next section will include an overall introduction 

on text entry concepts, the history of optimizing text entry on mobile devices for English language, 

history of Arabic language, a quick review on research done for the Arabic language text entry, and a 

glance on text entry for small display mobile devices. 

2.2 Text Entry Concept 

Typing is the process of inputting text into a device, such as; typewriter, mobile phone, and 

computer, by pressing keys on a keyboard. Typewriters had been invented as early as 1714 by Henry 

Mill and reinvented in various forms throughout the 1800s. Christopher Sholes was the inventor of the 

world's first practical typewriter. In 1874, Sholes & Glidden typewriters established the “QWERTY” 

layout for the letter keys.  

The QWERTY layout was introduced not to reduce typing speed but to minimize the risk of 

mechanical jamming of the keys. The jam was cause due to the hit of two neighboring keys at the 

same time. The reordering of keys came by distributing frequent letter pair combinations to both hand 

sides of the keyboard, which decreased the probability that two keys next to each other would be hit at 

the same time and consequently increased the efficiency of typing speed. Although various layouts of 

keyboards were introduced, still the high entry rate, the reasonable low error rate, and the society’s 

trend sticking to good technologies made “QWERTY” reins standard for English-language keyboard 

layout for typewriters, mobile devices, laptops and desktops. (David, 1985; Gould, 1992).  

2.2.1 Text Entry on Mobile Devices 

Due to a long time-trace history, consumer’s interest in small mobile devices has driven the 

need for more efficient, portable, and text input methods. Due to the need of minimizing the size of the 

device, the difficulty of allocating more space for text entry aroused. This challenge was a push to 

produce new keyboard designs that require smaller and more efficient physical layouts and that can be 

optimized for a one or two finger typing instead of two-handed typing.  
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Past researchers have proposed many techniques to enable users to perform text entry as 

quickly and precise as possible. They also examined key positioning and size. Sears, et al. (1993) 

found that smaller keys reduced text entry speed and increased errors. MacKenzie et al. (1995) 

presented an evaluation of different keyboards. Still, it was found that, although a smaller keyboard 

increased errors compared to a larger one, there was no reduction in speed. MacKenzie et al. (1999 

and 2001) presented a model which predicts the maximum (expert) and minimum (novice) typing 

speeds for a given keyboard layout with stylus typing.  

 

 

  
Fig 2.1 Metropolis I keyboard layout 

(Hunter et al., 2000) 

 Fig 2.2 Metropolis II keyboard layout  

(Zhai et al., 2000) 

Zhai, Hunter and Smith (Hunter et al., 2000; Zhai et al., 2000) took a physics-based approach 

to find an optimized keyboard arrangement, which was done by applying the Metropolis algorithm. 

Hunter et al. (2000) presented a Metropolis keyboard, as shown in figure 2.1. Moreover, Zhai et al. 

(2000) presented Metropolis II, another Metropolis-derived keyboard as shown in figure 2.2, in a later 

publication. In further work, Zhai et al. (2002) compared their Metropolis keyboard, to other common 

layouts, and presented a user evaluation.  

  
Fig 2.3 Bi, Smith and Zhai’s Quasi-Qwerty layout (Bi et al., 2010) 

Bi et al. (2010) introduced an alternative layout to overcome the QWERTY layout. They 

reordered the QWERTY layout by shuffling keys by at most one position from their original location 

to achieve a quasi-optimized QWERTY variant. As shown in figure 2.3, its layout was quite near to 

the QWERTY layout, which gave it a privilege since user would expect the keys position.  
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Fig 2.4 The Sath-Trapezoidal keyboard 

(Dunlop and Levine, 2012) 

 Fig 2.5 The Sath-Rectangular keyboard  

(Dunlop and Levine, 2012) 

Dunlop and Levine (2012) introduced a new optimization technique for keyboard layouts 

based on Pareto front optimization. This Optimization attempts to optimize for speed of text entry, and 

familiarity to the traditional Qwerty layout. It has also been extended to reduce the likelihood of 

hitting a neighboring key that will result in a valid dictionary word, and thus improve error correction 

and accuracy. They presented the concept of badgrams – pairs of letters that when one is substituted 

for another often result in valid words (e.g. I and O on a QWERTY keyboard leads to words such as 

in/on, sin/son, and fir/for being differentiated by very small keyboard distances). A small improvement 

in speed with a considerable improvement in the tap interpretation metric was found when compared 

both keyboards, shown in figure 2.4 and 2.5, with the quasi-optimized keyboard. Table 2.1 compares 

the metric scores for the standard and the rectangular layouts. 

Table 2.1 Comparing standard and the rectangular layouts (Dunlop and Levine, 2012). 

 Finger Distance Neighbor Ambiguity Qwerty Familiarity Average Score 

Sath-Trapezoidal  0.694  0.695 0.694 0.694 

Sath-Rectangular  0.751 0.751 0.751 0.751 
 

 

 
Fig 2.6 KALQ layout (Oulasvirta et al., 2013) 
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Oulasvirta et al. (2013) studied the design of split keyboards for fast text entry with two 

thumbs on mobile touchscreen devices. KALQ design was based on landscape-oriented device usage. 

Letters were divided almost equal, at 54% and 46% for the right and left thumb, respectively. The 

right thumb handles all vowels, except “y”, while the left thumb has most of the consonants, as shown 

in figure 2.6. The spacebar is placed on either side as a blank key so as to favor quick switches and 

minimize travel distance. They reported that KALQ is superior to the quasi-QWERTY layout by 4.1% 

and to the alphabetical layout by 6.1%. Studies showed that KALQ layout increases typing speed by 

34%. This increase in the number of words-per-minute was reached after, on average, 16.8 hours of 

training. 

Recently, most of this work has focused on text entry on mobile devices. Unfortunately, 

experimental data on text entry performance reported in the literature varies widely due to the use of 

different performance metrics and experimental designs. Hence, it is difficult to compare studies or to 

extract meaningful average text entry speeds and error rates. This makes it hard for designers and 

researchers to use and apply these results and work against the synthesis of a larger picture. Moreover, 

all the suggested techniques focused mainly on the English language in text entry, keyboard layout, 

and statistical models. 

2.2.2 Gesture-based Text Entry Methods for Small Display Mobile Devices  

The two dominant text entry methods found on mobile devices are handwriting recognition and 

virtual keyboard. Handwriting recognition recognizes and changes user’s handwriting characters, 

either by stylus or finger, to computer format. Virtual keyboard is an image of a keyboard displayed on 

the mobile device screen, and it recognizes a character when a key button is touched on the image. 

Indeed, only one or two fingers are used in virtual keyboard. Technology continuously tries to make 

devices smaller and more compact. Nevertheless, after the enhancement of the hardware technology, 

the size of mobile devices continuously decreases and that causes accuracy problems. When it comes 

to virtual keyboard, it is difficult to hit the exact buttons due to the small size of each key button. 

Moreover, handwriting recognition method is still not yet efficient to recognize various people’s 

handwritten characters, so it causes recognition accuracy problems. Because, handwriting recognition 

needs a complex algorithm, therefore it does not fit the low power mobile devices.  
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Gesture-based text entry was introduced as another method of text entry for mobile devices. In 

this method, gestures are drawn on the screen instead of touching keys. Handwritten characters can be 

gestures instead of letters. Gesture-based text entry uses symbols and metaphors such as; edges, points, 

and spaces. This method could hinder the user’s writing on the screen. However, it is the best when it 

comes to recognition accuracy and speed because it guarantees a correct output when user writes a 

correct gesture on the screen. Typical gesture-based text entry methods are EdgeWrite, Quikwriting, 

and Cirrin.  

2.2.2.1 Gesture-based Text Entry Techniques 

Stylus is a well-known way of interaction with mobile devices. Methods such as gesture 

recognition (e.g. Graffiti or Jot), which need drawing symbols of individual characters on the screen, 

offer beneficial ways of entering text. However, there are some disadvantages to these methods. The 

pitfalls of gesture recognition revolve around certain facts such as; 

1. A user has to know which pen strokes symbolize a certain character, instead of 

interpreting the user’s handwriting by the device.  

2. Outside of the human interaction component, the device spends considerable processing 

time in recognizing each character, which hampers the efficiency of text input.  

3. A certain dedicated area where characters are drawn, may be needed on the device itself 

thus claiming screen space that might be used for other purposes.  

4. The creation of gestures need an excess amount of accuracy, and due to the shrinking 

size of the screen, it might become more difficult. 

Moreover, methods such as Jot, Graffiti, and many other inspiring designs have been 

introduced for stylus-based text entry on small devices. An example of a stylus-based gesture 

recognition technique is EdgeWrite (Wobbrock, Myers, & Kembel, 2003). EdgeWrite provides stable 

text entry for people with motor impairments. Users enter text by traversing the edges and diagonals of 

a square overlay placed over the normal text input area. Character recognition is achieved through the 

sequence of corners that are hit. Examples of EdgeWrite gestures are shown in Figure 2.7. Potential 

drawbacks include the need to learn different gestures and the room required to draw them. 
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Fig 2.7 EdgeWrite text entry system, gestures for a-e (Wobbrock et al., 1998). 

Figure 2.8 shows the Cirrin System (Mankoff & Abowd, 1998). Cirrin is a word-level 

unistroke text input system. Users form a word by moving their stylus from letter to letter of the word 

without lifting the stylus from the input surface. Testing showed that Cirrin is as quick as other 

existing pen entry systems. It still uses 26 cells to represent the English alphabet, which needs a 

significant amount of screen to implement. Moreover, due to the small relative size of the cells, the 

task of choosing a letter gets harder and requires precise operation of the stylus to enter a word. As 

screen size shrinks, the movement between letters becomes more difficult causing more errors.  

 
Fig 2.8 Using the Cirrin text entry system to enter the word “finished” (Mankoff & Abowd, 1998). 

 

 
Fig 2.9 Using the Quikwriting text entry system (Perlin, 1998). 

Perlin developed a system called Quikwriting (1998). The system has nine virtual keys with 

multiple characters on a single key. A stylus is used to slide through the desired keys, similar to the 

Cirrin system. Every time the stylus slides across a virtual key, the key is recorded. The final key 

sequence is then matched to a pre-stored dictionary of words, as shown in figure 2.9. Abiding by this 
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method, the user does not stop moving the stylus pen. A 3x3 grid is used in the system, and each grid 

means a letter zone.  

ShapeWriter allows users to gesture the shapes of words by connected lines that sequentially 

intersect the center points of the letter keys of the word over an on-screen keyboard, as shown in figure 

2.10. Each word in a large lexicon has a predefined template gesture. A pattern recognizer is used to 

identify the user’s intended word by looking at the scale-translation invariant shape similarity between 

the user’s gesture and the set of predefined template gestures (Zhai and Kristensson, 2003; Kristensson 

and Zhai, 2004; Kristensson, 2007). 

 
Fig 2.10 The Ideal Shape of the Word “the” in ShapeWriter (Kristensson, 2007). 

 Seunghun and Geehyuk (2008) introduced a gesture-based Korean text entry method as an 

alternative text entry technique to provide high accuracy and intuitiveness on handheld computers with 

small screens such as PDA. 

2.2.2.2 Small Screens based Text Entry Techniques  

MacKenzie (2002) presented six techniques for three-key text entry. Characters are arranged in 

six different sets and found by rotating a wheel through the chosen set. Left and right arrow keys are 

used to maneuver a cursor over a linear sequence of letters and a select key enters a letter. Each of the 

six techniques had a different set of arranged characters and/or a different cursor mode. Character sets 

were arranged: alphabetically with SPACE at the beginning of the set, alphabetically with SPACE at 

the middle of the set, and dynamic rearrangement of letters after each entry using a linguistic 

knowledge. The cursor mode was either persistent (It maintains its position after each character 

entered) or snap-to-home (whereby the cursor jumps to the SPACE character after each entry). 
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Fig 2.11 5-button watch top text entry system (Dunlop, 2004). 

The text entry system shown in figure 2.11 was made for the use on a watch face. It has four 

alphabetic buttons and a central space button (Dunlop, 2004). This system works as a dictionary based 

disambiguation text entry system, similar to that of T9 (Text on 9 keys, a patented predictive text 

technology for mobile phones). For each character of an intended word, the key that contains the 

character is pressed once. The sequence of key presses is then compared to those stored in a dictionary. 

The space key is used to cycle through all possibilities to compose the intended word. User studies 

have shown encouraging results that demonstrate the feasibility of such a system in spite of the fact 

that the 5 buttons occupy much of the watch face. 

Haggerty and Tarasewich (2005) presented a stylus-based text entry method named Touch-

Point. This method does not require additional screen or the use of complex gestures. The method 

features a variable-speed scrolling character set operated by the stylus. Characters are invoked by 

placing the stylus anywhere on a display, thereby allowing text entry in a space as small as a single 

character. 

 
Fig 2.12 ZoomBoard on a watch-sized device (Oney et al., 2013). 

Oney et al. (2013) present a soft keyboard interaction technique called ZoomBoard that enables 

text entry on ultra-small devices as shown in figure 2.12. They used zooming technique to enlarge 

QWERTY layout tiny keys displayed on screen to comfortable size in response to user presses. 
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Participants achieved, on average, 7.6 wpm on their first use of ZoomBoard, and 9.3 wpm by the final 

trial. However, participants using the nonzooming keyboard achieved 4.5 wpm. 

2.2.3 Arabic Language History and Keyboards 

Arabic is one of the oldest living languages in the world. It comes in the fourth position among 

languages worldwide. It is the main language for 22 countries in North Africa, Western Asia (Middle 

East), and East Africa. The total number of Arabic language speakers is 452 million (representing 

4.23% of world population) from which 293 million are natives (Nationalencyklopedin, 2010 and 

Arabic reference at Ethnologue, 2013).  

2.2.3.1 The Origin of the Arabic Language 

The Arabic language is the mother tongue of most of the countries in the Middle East such as; 

Saudi Arabia, Egypt, Lebanon, Syria, Sudan, Libya, Tunisia, Morocco, Algeria, and many other 

countries. In his article "A history of the Arabic Language", Brian Bishop says that the Arabic 

language is one of the most important languages because over 150 million people speak it and also it is 

indispensable for many Muslims walking on the face of this planet (Bishop, B., 1998). In addition, the 

Arabic language is the sacred language of Islam due to its usage in Qur'an. Therefore, many Arabs are 

proud of speaking this language. Another proof of how significant the Arabic language is to the Arabs, 

is the history of the Arab world that was full of many foreign invasions and occupations. That is to say, 

during those invasions and occupations, many countries were trying to impose their own languages on 

the countries they occupied. However, this fact has not affected the importance of the Arabic language 

and its position amongst the Arabs. Not only did they refuse to embrace any language other than the 

Arabic, but also, they kept speaking their native language proudly. This section will try to track down 

the origin of this language and shed the light on its importance in Arabs daily lives.  
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Fig 2.13 Primary Human Language Families Map (Primary Human Language Families Map, 2013). 

The "Guide to the World's languages" book written by Merrit Ruhlen explains that Arabic is 

one of the Semitic languages (Ruhlen, M., 1987). To be specific the author says in his book that 

"Arabic is a part of the Semitic subgroup of Afro-Asiatic languages". Therefore, defining what does 

Semitic mean is a must for us to grasp the history of the Arabic language. Tapani Harviainen, a 

professor of Semitic Languages at the University of Helsinki, elucidates in his article "Semitic 

Languages and (the Phoenician Language)", that the Semitic language comprises three groups which 

are; Southern Semitic, Western Semitic, and Eastern Semitic. He adds that the three groups are 

interrelated but every group belongs to a certain area. For instance, the Eastern Semitic belongs to 

Mesopotamia, while, the Western Semitic belongs to the Middle East such as; Lebanon and Syria, and 

finally, the Southern Semitic refers to the Arabian Peninsula and Ethiopia. This means that the 

Southern Semitic is the origin of the Arabic language because Arabic was mainly spoken at the area of 

the Arabian Peninsula. Actually, this is true because Professor Tapani Harviainen mentioned in his 

article that the Southern Semitic is divided into three groups; the South Arabia language, Arabic, and 

the Ethiopian languages. In addition, Harviainen states that the origin of Arabic lies specifically in the 

central north of the Arabian Peninsula.  
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Fig 2.14 Arabic languages within Semitic languages (Semitic languages, 2011). 

This previous piece of information makes things more obvious now. That is to say, if we focus 

on the area of the Arabian Peninsula we will be able to understand how did the Arabic language spread 

widely that fast. This area was the cradle of the pre-Islamic poetry that was written in Arabic and all 

the poets back then were known and famous for their meticulous and immaculate choice of Arabic 

vocabulary while writing their poems. They were also known for their ability of improvisation 

perfectly and quickly. All that indicates they used to have a grip on the Arabic language. That is why 

when god has chosen Mohamed, who was from the Arabian Peninsula, to be the prophet of Islam, he 

gave him the responsibility to teach his nation the Qur'an that was written in the same exact language 

that the people around him excelled at which is Arabic. In other words, the Qur'an was written in 

Arabic so as to be understandable by the community that surrounded prophet Mohamed.  

When prophet Mohamed and his fellows started to extend Islam throughout many different 

areas, the Arabic language flourished and started to spread among the different nations because as we 

said before it was the sacred language of Islam. After being conquered by the Muslims, many different 

countries gave up on their languages and started learning Arabic instead so as to adapt and conform to 

the changes that occurred. However, Professor Tapani Harviainen says in his article "Semitic 

Languages (and the Phoenician Language)", that the adaptation and conformity to the Arabic language 

imposed the creation of different dialects. But, the presence of all these dialects does not affect the 

written Arabic language.  
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After knowing that the Arabic language came from the Southern Semitic language, now a 

questione must be asked which is, "What is the origin of the Southern Semitic language or maybe the 

origin of the Semitic language itself?". According to Merrit Ruhlen in his book, "Guide to the World's 

Languages", it is stated that Arabic is a member of the Semitic subgroup of the Afro-Asiatic group of 

languages (Ruhlen, M., 1987). In order to understand the previous, an interview that was made with 

Christopher Ehret, a scholar of African history and African historical linguistics and a professor at the 

University of California at Los Angeles, should be mentioned (Ehret, C., 2004).  

This interview was done by the World History Connected (WHC). Within this interview there 

is a part that will help us track down the origin of the Southern Semitic language. In this part Ehret is 

trying to explain how the Semitic language did move from Africa to the Middle East so he said, “The 

Semitic language group was the result of African migration into Palestine”. Ehret also said that 

African migrants already speaking proto-semitic moved into the Middle East, introducing and 

spreading the language. After they spread the proto- semitic it developed into Semitic. This means that 

the developing of the Semitic language was created in the Middle East. Therefore, now we can tell that 

the origin of the Arabic language is Africa.  

Reaching the conclusion that Africa is the origin of the Arabic language, this was reinforced by 

an article written by Meredith Holt called," The Afro-Asiatic language family" (Holt M., 1999). 

According to Meredith Holt stating from "Atlas" and specifically page 51, she says, "Written records 

of Egyptian and Semitic (both Afro-Asiatic languages) date back at least four thousand years, giving 

the Afro-Asiatic language family the longest history of any known language group." Meredith Holt 

adds that the Afro-Asiatic language is mainly divided into five main languages or families as she 

refers to them and they are; Berber, Chadic, Cushitic, Omotic, and Semitic.  

In a nutshell, now we can say that the Afro-Asiatic family language is the mother of all 

languages. It is so intriguing that a language can develop to be a completely different language. Also, 

most of the nations succeeded in creating their own dialect that is derived from a certain language. 

What is strange is that we can find two dialects derived from the exact same language yet the speakers 

of both dialects could sometimes fail to understand each other. For example, if we look at the language 

of the Levant and the language of Morocco, they are both derived from the Arabic language but 

sometimes Moroccans fail to understand what the Lebanese people say. However, when it comes to 

the written Arabic they are the exact same.  
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The Arabic writing system flows from right-to-left and is always cursive; both when printed 

and handwritten. There are 28 basic letters in the Arabic alphabet. However, additional letters and 

symbols were added in order to accommodate the needs of other languages. Each letter has multiple 

forms, it is drawn in an isolated form when written alone and is drawn in up to three other forms when 

connected to other letters in the word. The position of the letter in the word identifies its form. As an 

example, there are 4 forms for the letter Ain: isolated (عع), initial ( ـع ), medial (ـعـ), and final ( عـ ). These 

four forms have similar frequencies in Arabic text: isolated 23.4%, initial 27.8%, medial 21.0%, and 

final 27.8% and the average Arabic word has 4.3 letters (Abandah and Khedher, 2009). 

2.2.3.2 Arabic Language Keyboards 

The common Arabic keyboard layout is derived from the Arabic typewriter keyboard’s layout. 

In the 1970s and 1980s, many computer companies such as; Apple, Sakher, AMEER, ALIS, and 

Nafitha, developed more than 20 variants for this layout. However, these different variants had 

consistent allocation for some letters, with differences in allocating other letters particularly the letters 

in the lower row.  

The Arab Standardization and Metrology Organization (ASMO) developed a standard Arabic 

keyboard layout. This keyboard supports the ASMO standard for the 7-bit Arabic characters code 

shown in figure 2.15 (ASMO, 1985; ASMO, 1987). However, the market adopted the currently used 

Arabic keyboard layout shown in figure 2.16 and ignored the standard ASMO keyboard. After 

adoption of Microsoft to this keyboard layout, it gained wide acceptance in PCs and servers over other 

layouts for Arabized products. Also other Arabic keyboard layout currently in use, such as Apple 

MAC, is the one shown in figure 2.17.  

 
Fig 2.15 ASMO 663 Arabic Keyboard Layout 
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Fig 2.16 Common Arabic Keyboard Layout 

 

 
Fig 2.17 Apple MAC Arabic Keyboard Layout 

There has been no research on optimizing Arabic text entry on mobile devices. However, on 

desktops, Idlebi and Mrayati (1990) designed an efficient Arabic keyboard based on statistical 

approach. Khorshid et al. (2010) used a genetic algorithm to optimize the design of the Arabic 

keyboard layout for typing speed as shown in figure 2.18. Each keyboard arrangement is evaluated 

based on the six criteria listed by Yannou and Hossenlopp (2000): load location, number of keystrokes, 

hand alternation, consecutive usage of the same finger, avoid large steps, and hit direction. The final 

score of the keyboard is determined as a weighted linear combination of these six individual criteria. 

Their studies showed a 36.3% speed improvement over the present PC Arabic keyboard. It was also 

used to evaluate the optimized layout against other layouts including the common layout. Since Apple 

MAC Arabic Keyboard Layout was the leading one on physical keyboards, it was adopted on touch 

screen phones preventing the rise of any other optimal keyboards, same as QWERTY layout in 

English language. 

 
Fig 2.18 The optimized arrangement for Arabic language keyboard (Khorshid et al., 2010) 
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This section showed an overall introduction of text entry concepts, history of optimizing text 

entry on mobile devices for English language, a glance on text entry for small display mobile devices, 

history of Arabic language, and. a quick review on research done for the Arabic language text entry. 

The next section introduces GOMS model and specifically KLM (Keystroke-Level Model), as a 

quantitative prediction model. It gives a brief description of GOMS components, structure, and 

variations. Additionally, KLM’s history will be introduced as a mobile quantitative prediction model. 

2.3 GOMS Model 

GOMS is a specialized human information processor model used to analyze the user 

complexity of interactive systems. In other words, it attempts to model and predict the user’s behavior 

involved in human-computer tasks. The GOMS model was developed by Card, Moran and Newell, as 

a way of quantitatively predicting the skilled and error free performance of users interacting with a 

text editor (Card et. al, 1983). It is used to reduce a user's interaction with a computer to its elementary 

actions. Moreover, such actions are used to study a certain interface. These actions can be physical, 

cognitive or perceptual.  

2.3.1 GOMS Components 

There are several GOMS variations that allow for different aspects of an interface to be 

accurately studied and predicted. The major concepts remain the same with the presence of those 

different variations. However, this concept is divided into four components: 

• Goals: are what the user intends to accomplish. These can be defined at various levels 

of abstraction. 

• Operators: are elementary perceptual, motor or cognitive actions whose execution is 

necessary to accomplish the goals. They are described as atomic elements in the model, 

with specific output and specific duration. That is to say, it is generally assumed that 

each operator requires a fixed amount of time for the user to execute. This time interval 

is independent of context. 

• Methods: are procedures for accomplishing a goal. In other words, are described as 

algorithms that the user has internalized in order to determine the sequence of sub-goals 

and operators necessary to achieve the desired goal. However, they are set to be learned 
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procedures that the user already has at performance time. Moreover, they are not plans 

that are created during a task performance. 

• Selection rules: are the representations of the control structure in the model used to 

describe when a user would select a certain method over the others to satisfy a given 

goal. They generally take the form of a conditional statement. Conversely, these 

selections should not be problematic and should proceed smoothly and quickly. 

2.3.2 GOMS Model Overview 

The model owes its ancestry to a production system/goal decomposition approach to cognitive 

modeling. However, the control structure has been considerably simplified by representing the model 

as a stack machine.  This does not allow it to adequately deal with interruptions and errors, but 

considerably simplifies it. In addition, because operators are assumed not to be concurrent, only linear 

processes can be modeled (Card et. al, 1983).  

 
Fig 2.19 GOMS model process flow chart 

 The user intends to accomplish a certain main goal. As shown in figure 2.191, methods are sets 

containing operators; others contain one or a sequence of sub-goals and operators to accomplish the 

intended final goal. There may be more than one method available for the user to accomplish the goal. 

Therefore, the role of selection rules appears in selecting the best method, in terms of how smooth and 

quick. On the other hand, it may be that task environment features dictate that only one method is 

appropriate.  

                                                
1 The flowchart shown in figure was illustrated by the candidate. 
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2.3.3 GOMS Model Variations  

The plain GOMS first introduced by Card, Moran and Newell is now referred to as CMN-

GOMS. Several variations have been proposed to address issues within the original model. Card, 

Moran and Newell also introduced Keystroke Level Modeling (KLM) as the next GOMS technique 

(Card et. al, 1983). It made several simplifying assumptions that make it just a restricted version of 

GOMS. The third major variation on the GOMS technique is the ‘Natural GOMS Language’ or 

NGOMSL. This technique gives a very strict language for building GOMS models. The final variation 

of GOMS is CPM-GOMS. This technique is based on the Model Human Processor. The main 

advantage of CPM-GOMS is that it allows the modeling of parallel information processing by the user. 

2.3.3.1 Card, Moran, and Newell GOMS (CMN-GOMS) 

As mentioned previously, CMN-GOMS is the original version of the GOMS technique in 

human computer interaction. It was developed in 1983 (Card et. al, 1983). It can predict operator 

sequence as well as execution time. It is represented in a program form, where the tasks are in a 

pseudo-code format. This makes it amenable to analysis as well as execute. One of its uses is to 

estimate the load the task places on the user. 

The CMN-GOMS method assumes that a user comprehends information in the following 

manner: 

• Eyes/ears perceive information 

• Information enters perceptual processor 

• Information enters the visual/auditory image store 

• Information is stored in the working memory and long term memory 

• Information is analyzed in the cognitive processor and a desired reaction (motor 

function) is chosen 

• Desired motor function is activated in the motor processor 

• Desired motor function is applied by user’s body 

All measurements are provided in the following form: middleman [fastman, slowman]. The 

“middleman” term is the most typical time it takes to complete the action. The “fastman” is a “best 
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case” scenario were time is expected to be the best that a user could possibly do. On the contrary, the 

“slowman” time is a “worst case” scenario. 

In CMN-GOMS, the following Methods-Time Measurement data should be used: 

• Eye fixation = 230[70, 700] milliseconds 

• Eye movement = 30 milliseconds 

• Perceptual Processor = 100[50, 200] milliseconds 

• Cognitive Processor = 70[25, 170] milliseconds 

• Motor Processor = 70[30, 100] milliseconds 

2.3.3.2 Cognitive-Perceptual-Motor GOMS (CPM-GOMS) 

CPM-GOMS is known also as Critical-Path-Method GOMS. Bonnie John developed it in 1988 

(Gray et. al, 1992). It differs from other GOMS variations, where it does not assume that user’s 

interaction is a serial process. In other words, it assumes that perceptual, cognitive and motor operators 

can be performed in parallel. 

However, tasks are broken down just to the level where they are still perceptual or motor. The 

tasks are first joined together serially and then examined to see which actions can overlap in parallel. 

This technique facilitates representation of overlapping. The estimated time by CPM-GOMS is 

generally faster since it does not allocate much time for the “prepare for action” type operations. 

 
Fig 2.20 An example of a CPM-GOMS model (John and Kieras, 1996) 
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The figure 2.20 is an example of a scheduled chart for implementing the goal READ-SCREEN, 

when an eye movement is required. The sequence that produces the longest path through the chart is 

called the critical path. It represents an estimate of total time required to perform the task. In this case, 

the critical path is 50+50+30+100+50=280 msec. This particular model assumes that visual perception, 

cognitive operations, and eye movements can occur in parallel. 

2.3.3.3 Natural GOMS Language (NGOMSL) 

NGOMSL builds on CMN-GOMS by providing a natural-language notion for representing 

GOMS models. In addition, it is a procedure for constructing the models (John, 1990). Under 

NGOMSL, methods are represented in terms of an underlying cognitive theory known as cognitive 

complexity theory. This cognitive theory allows NGOMSL to incorporate internal operators such as 

manipulating working memory information or setting up sub-goals. Because of this, NGOMSL can 

also be used to estimate the time required to learn how to achieve tasks. 

2.3.3.4 Keystroke-Level Model (KLM-GOMS) 

KLM-GOMS is a simplified version of GOMS. It was developed in 1983 (Card et. al, 1983). 

The model is an 11-step method that can be used to estimate the time taken to complete simple data 

input tasks. KLM-GOMS is usually applied in situations that require minimal amounts of work and 

interaction with a computer interface or software design. Using KLM, execution time is estimated by 

listing the sequence operators and then summing the times of the individual operators. The original 

KLM had six classes of operators: 

• K for pressing a key. 

• P for pointing to a location on screen with the mouse. 

• H for moving hands to home position on the keyboard. 

• M for mentally preparing to perform an action. 

• T (n) for type string of characters, n = number of characters. 

• R for user waiting for the system to respond.  

Each operation is assigned a duration as shown in table 2.2. It is intended to model the average 

amount of time an experienced user would take to perform the operation. Additionally, mental 

operations are placed by a set of rules that require some interpretation such as determining a 
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conceptual "cognitive unit" or grouping of actions. They are inserted before each cognitive unit to 

account for cognitive preparation and decision-making. 

Table 2.2 Original KLM operator’s duration (Kieras, 1993, 2001) 

Classes Duration 

K 

0.08 seconds Best Typist (135 wpm) 
0.12 seconds Good Typist (90 wpm) 
0.28 seconds Poor Typist (40 wpm) 
0.20 seconds Average Skilled Typist (55 wpm) 
0.28 seconds Average Non-secretary Typist (40 wpm) 
0.50 seconds Typing Random Letters 
0.75 seconds Typing Complex Codes 
1.20 seconds Worst Typist (unfamiliar with keyboard) 

P 1.10 seconds  
B 0.10 seconds  
H 0.40 seconds  
M 1.35 seconds  

T (n) (n * K) seconds  
 

Being very fast is the main reason behind using this technique. It used to compare the speed of 

two different interfaces designed to accomplish the same task. On the other hand, a major caution is 

that the algorithm is designed to estimate the execution time for an expert user, which is typically 

faster than the time for a new user or an unfamiliar user.  

Assuming error-free expert user interaction, KLM proved to estimate precise results, which is a 

drawback of similar models (Myung, R., 2004). Moreover, when the estimated experimental studies 

results were considerably off the actual values, the estimated difference between two examined 

designs still proved to be a strong basis for making design choices. 

2.3.4 KLM for Phone Users 

Limitation of research on performance measures for phone to the input of text for short 

messages was obvious in the past years. Dunlop and Crossan (2000) were of the first ones to show 

KLM operator sequences for three different text entry methods (traditional, predictive, and word 

completion). Despite the adoption of the original operator values used for desktop interaction, it was 

imprecise in this new mobile phones environment. Silfverberg et al. (2000) presented a model to 

predict expert text entry rates on a physical 12-key keypad mobile phone for more than one input 

method (multi-press, two-key, and T9). Predictions were provided for one-handed thumb and two-
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handed index finger input. They used Fitts’ law and digraph probabilities to model the movement and 

linguistic components respectively. Table 2.3 shows the prediction equation for each input mode.  

Table 2.3 Regression equations, R2 values for Index and Thumb Fingers (Silfverberg et al., 2000). 

Input Mode Index Finger Thumb  

Regression equation MT = 165 + 52 log2 (A/W + 1) MT = 176 + 64 log2 (A/W + 1) 

R2 0.960 0.970 
 

Mori et al. (2003) studied how the time values of the original KLM operators apply to mobile 

phone menu navigation and concluded that the operator values fit quite well with only minor 

modifications. In a complementary approach pursued by Pavlovych and Stuerzlinger (2004), non-

perfect users are considered using the cognitive load operator to model input verification. They also 

compared several existing variants of the KLM and evaluated them with actual times from user studies. 

The authors concluded that the models give only rough approximations of real user behavior for text 

input. However, the models can correctly predict which input methods are faster than others (e.g., 

predictive over multi-tap).  

More research was done on time measurements for key presses and mental act operator for 

different text entry languages, an example of which is Myung (2004) for Korean language. 

Furthermore, How and Kan (2005) defined 13 operators that directly map the phone keyboard 

interface according to the different input methods. They used videotaped sessions with a small set of 

subjects and a message-typing task in order to gather new times for these operators. 

2.3.5 KLM for Mobile Device Interactions 

The main use of mobile phones was to make phone calls, send text messages, and sometimes 

perform basic calendar tasks. Phones used very small displays and small physical buttons as the prime 

interface. With modern smartphones these buttons have been replaced with larger touch screens. 

Moreover, other uses are becoming more and more popular such as taking pictures, surfing the web, 

social networking, and playing music, videos and games. This adds several new interaction styles that 

have not yet been treated by interaction models.  

There has been surprisingly little published research that includes new interaction techniques 

such as swipe, zoom, or tapping, for mobiles and tablets. Luo and John (2005) followed-up by Teo and 
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John (2006) were the first, as they showed that the method could soundly apply to handheld devices 

using stylus-based interfaces. They also presented a tool that automatically generates KLM models 

from storyboard descriptions. Holleis et al. (2007) adopted and defined a set of operators giving sound 

and study-based estimates of performance measures for each of them. They assumed that developers 

of mobile applications could then describe tasks as a sequence of the operators they added and predict 

user interaction times without needing to create prototypes. As part of their work on the user 

performance of multi-touch gestures on mobile devices, Tran et al. (2013) conducted an exploratory 

study of pinch and spread gestures with seated participants on a phone and a tablet device. They used 

Fitts’ Law in order to characterize execution time for pinch and spread gestures on mobile devices 

(57% of the original data was used in the analysis). Each operation is assigned a prediction equation as 

shown in table 2.4.   

Table 2.4 Regression equations, R2 values for pinch and spread gestures (Tran et al., 2013). 

 Phone Tablet 

 Pinch Spread Pinch Spread 

Regression 

equation 

MT = 360 + 304 

log2 (A/W + 1) 

MT = 295 + 323 

log2 (A/W + 1) 

MT = 260 + 317 

log2 (A/W + 1) 

MT = 231 + 337 

log2 (A/W + 1) 

R2 0.945  0.927  0.964  0.884  
 

Their spread gesture on tablet is equivalent to the Zoom interaction mentioned in chapter four. 

By comparing the results, shown in the developing and evaluation section, the outcomes are largely in 

line with slightly different prediction equation and higher correlating MT with ID (R2 Zoom > 0.884). 

2.4 Summary 

The gap in research was the motivation behind introducing some improvements, which enable 

the users to be capable of carrying the text entry process despite their lack of experience dealing with 

the current keyboard layouts located on mobile devices and tablets. That is done by optimizing the 

Arabic keyboard layout on three design metrics: minimizing finger travel distance in order to 

maximize speed, minimizing neighboring key error ambiguities in order to maximize the quality of 

spell correction, and maximizing familiarity for less technologically literature users through 

approximate alphabetic sorting. 
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Many techniques for text entry on small displays have been proposed. However, there has been 

little research that merged gesture recognition with languages other than English. The proposed work 

focuses on Gesture-based text entry as a method of text entry for small screen mobile devices for 

Arabic language. In order to maximize the text area field and minimize the number of keys displayed 

on the screen of mobile devices, a 12-key GBAWP interface was introduced appearing like a 12-key 

physical keypad phone. Moreover, considering the Arabic letters characteristics, structure, and 

maximizing speed, a 6-key GBAWP layout based on dot recognition was introduced. 

Enhancements to KLM have been proposed in the literature to be able to evaluate different 

techniques. However, there has been little research that improves user behavior modeling techniques 

that are capable of estimating the time taken to achieve common interactions performed on mobile 

touchscreen devices. The proposed work focuses on enhancing KLM by extending it with three new 

operators. An investigation is done on modeling these interactions performed on mobile devices and 

tablets. The proposed model is based on suggested times derived from Fitts’ Law modeling and 

analysis of how well these interactions fit Fitts’ Law. It also gives an enhancement for developers of 

smart-phone and tablet applications to predict user interaction times without even needing to create 

prototypes. 

The main focus behind this chapter was to introduce HCI in general, and mobile HCI, UCD 

methodology, text entry concepts, and GOMS model in particular. The next chapter will show a study 

improving form control and navigation on mobile devices. It will give a brief description of an 

observation study conducted on the Egyptian Agricultural Census (EAC). 
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 Improving Form Control and 

Navigation on Mobile Devices 

In this chapter a study was done to improve form control and navigation on mobile devices. It 

is divided into three sections. The first section gives a quick review on literature. This quick review 

covers form fill-in concepts and techniques used to control and navigate the digital forms. In the 

second section, the improvements achieved through the study are introduced. Finally, a brief summary 

is presented.  

3.1 Form Fill-in Concept 

A form is a document (printed or electronic) with spaces to write or enter data. Forms are used 

to complete a certain task that has the requested information or question parts in common. It is used to 

increase the uniformity and efficiency of handling routine tasks, to ensure that tasks are completed, 

and to make sure that the information can be found when needed (Dayao, et al., 1990). People 

frequently have to fill out forms, and some with certain careers have to fill out the same form, over and 

over. For example, a salesperson may have to fill out a purchase order every time his client makes an 

order. A counter may have to fill out forms in order to conduct a certain type of census. 

There have been sufficient researches that address the conversion of printed forms to digital 

ones. It sought the quality of interface and the ease of interaction. The quality of digital form interfaces 

depends primarily upon three factors. One of these factors is the clarity of the design and visual 

representation of the screens (Buxton & Baecker, 1987). This was due to the request of handling 

information spaces to fit a single screen. Nowadays, these single screens are becoming smaller and 

mobile such as; tablets and smart-phones.  

Furthermore, in the bulk of current form design practice the element, layout, and functionality 

of user interfaces are intended for users who access the forms on a regular basis and prefer simple 

interfaces rather than more powerful alternatives. This has led to the adoption of basic point and click 
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interaction model in which navigation and control were accomplished by selecting user interface 

elements with a pointing device such as the mouse (Ballard, et al., 2006). Today, new techniques are 

widely used to interact with touchscreen interfaces, particularly on mobile devices, yet the interaction 

model for forms has not been re-evaluated.  

3.1.1 Form Navigation and Control Techniques 

Navigation techniques provide a way to access vast information spaces through limited screen 

space. Scrolling (or panning) and zooming are fundamental techniques for freely moving around a 

two-dimensional continuous space. Scrolling allows the user to move to different locations, while 

zooming enables the user to view a target at different scales.  

Completing complex forms is both time consuming and error prone with users making 

incorrect selections and spending considerable time navigating the form. Traditional scrollbars were 

used in navigating through large forms so that the large information space could fit on screen. Igarashi 

and Hinckley have identified that one of the major two limitations with using traditional interaction is 

that the users have to shift their focus between the document and the scrollbar (Igarashi & Hinckley, 

2000). They suggest that this may increase the operational time and may cause a significant attentional 

overhead. Furthermore, in large documents small scrollbar movements can cause a large movement of 

the document that disorients the users.  

However, there was a need to provide new navigation techniques so as to be used in complex 

form filling. To counter this visual blurring and to reduce physical navigational workload, there were 

two techniques introduced: Panning and Zooming vs. Tabbed navigation technique. First, Tabbed 

navigation technique, converts the form into several separate parts. Second, Pan and Zoom navigation 

technique, typical of image viewing applications, views the whole document as one navigable screen 

(Perlin & Fox, 1993; Bederson, et  al., 1994).  

3.1.1.1 Panning and Zooming Navigation Technique  

Panning and Zooming navigation technique used for document and map navigation tasks has 

proved to attain the user’s acceptance. It even added up to the improvement of the overall performance 
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and proved to better perform than systems based on scrolling only (Kaptelinin, 1995). Nowadays, this 

technique is widespread on tablets and phones.  

The objects are spatially organized in an infinite two-dimensional information space, and the 

user accesses a target object using Panning and Zooming operations. Successive zooming in and out 

by the user gradually expands and contracts the displayed contents while Panning changes the 

displayed section. In Zoomable User Interfaces such as; Pad (Perlin & Fox, 1993) and Pad++ 

(Bederson, et al., 1994), Panning and Zooming are coupled with the semantic zooming concept: the 

representation of an object depends on the scale of the information space. Moreover, a change in the 

size, shape, and details of the objects takes place while zooming not only but also 

appearance/disappearance from the visualization occurs.  

However, in order to simplify the user’s interaction, control menus solution was one of the 

proposed solutions for desktop systems (Pook, et al., 2000). It was introduced to provide unified and 

rapid selection of operations in a way that is similar to pie menus. Also, it allows control of the chosen 

operation in the same gesture. Additionally, various interaction techniques have been proposed to 

simplify scrolling, Panning and Zooming on mobile devices.  

Rosenbaum and Schumann proposed an adaptation of the ZoneZoom technique to PDAs in 

2005, which enables the users to easily explore large images on Smartphones.  Each image is 

partitioned into nine cells; each one mapped into a number of the phone keypad, and pressing a key 

produces an automated pan and zoom on the associated cell (which can then be recursively partitioned 

into nine more cells). It functions by interacting with a grid overlaid on the currently displayed image 

portion through Panning and Zooming on images. The grid size is proportional to the size of the whole 

image and each grid cell can be tapped to zoom on the corresponding portion of the image. Merging or 

splitting the cells did provide the users with different zoom levels.  

Jones et al. covered out an adaption to mobile devices in 2005, which was based on the Speed-

Dependent Automatic Zooming (SDAZ) technique for navigating documents proposed by Igarashi and 

Hinckley in 2000. SDAZ operates by combining scrolling and zooming into one operation, where the 

zoom level is inversely proportional with the scroll speed. This technique outperformed standard scroll, 

pan and zoom methods in document and map navigation tasks (Cockburn & Savage, 2003). The 

SDAZ, version by Jones et al. (2005), operates as follow: 
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• Two concentric circles are drawn when users tap on the information space with the pointer.  

• If the pointer remains within the inner circle, the user is free to pan in any direction and the 

panning rate increases as the pointer moves away from the starting position.  

• When the pointer moves beyond the inner circle, both zooming and panning operations take 

place.  

• The information space progressively zooms out as the user moves closer to the outer circle and 

the panning speed changes to maintain a consistent visual flow.  

• When the pointer reaches the outer circle, no further zooming occurs, while panning remains 

active.  

3.1.1.2 Tabbed Navigation Technique  

Tabbed navigation is a User Interface (UI) design pattern where content is separated into 

different panes where each pane is viewed one at a time. The user requests content to be displayed by 

clicking the content’s corresponding tab control. It is one of the most enduring techniques used in 

websites and web applications leading to optimizing page screen areas without sacrificing the amount 

of information presented at once, and have become conventional enough to be understood by almost 

all users. Tabs generally tie the navigation to the content visually. The result is that the user will 

instantly recognize that by using this navigation technique, the displayed content will be affected.  

As shown in figure 3.1, the key parts of the tabbed navigation technique will be identified and 

a brief description of each part will be given. 

 

Fig 3.1 Tabbed navigation technique 
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• The tab control area is the location of the tab controls; these controls are the interface 

component for navigating through panes of tabs. 

• The tab control text is the text that describes the tab control. It should be short (one to two 

words) and should effectively depict the corresponding pane information. 

• The active tab control refers to the tab control that is presently selected. Only one tab control 

should be active. The first tab control is the default active tab. 

• Inactive tab controls are the tab controls whose panes are not currently showing. 

• A pane is where information is displayed; it should have a corresponding tab control so that 

panes that are not displayed are accessible by clicking its tab control. 

• Pane content is presented inside a pane. 

• The active pane is the pane that is currently being shown; it is paired with the active tab control. 

The pane that is displayed immediately is the default active pane. 

• Inactive panes are the panes that are currently not being shown. An inactive pane becomes the 

active one when its tab control is clicked. 

The primary goal of the tabbed navigating UI pattern is to permit users to view a group of 

related data one at a time, which in turn allows designers to modularize this group of information in a 

compacted manner, saving valuable screen real estate.  

The discussion so far covered the concept of form fill-in and techniques used to control and 

navigate digital forms. The next section will present an observation study on the EAC and the steps 

used to improve the form control and navigation on mobile devices.  

3.2 Improved Form Control and Navigation on Mobile Devices 

In this section, the work done on improving form control and navigation on mobile devices 

will be introduced. The first subsection will focus on the observation study conducted on the Egyptian 

Agricultural Census (EAC). The second subsection will show the development of electronic form used 

in EAC. The final subsection will discuss testing the forms and showing the results.  
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3.2.1 The Observational Study 

The EAC deals with an inventory of all possessions located in villages and cities of the Nile 

Valley, as well as possessions located in desert governorates and land belonging to the reconstruction 

organization.  

The EAC is conducted through two phases. First phase, a sketch is set at the beginning for all 

villages and towns nationwide. Then the buildings are numbered and a visit is made to all the holders 

to collect data. Second phase, a visit is made to all the families to collect more precise data including 

personal information and other detailed data regarding their possession. All gathered data are written 

in paper forms. The preliminary stage of the EAC contains four steps; issuing executive decisions to 

conduct the EAC, preparing the census budget and adopting it, choosing the field supervisors, 

engineers, agents, and participants in the governorates, and finally training workers on the agricultural 

census. A trial census is done in order to measure the efficiency of the forms used, the method of data 

collection is revised, problems and obstacles are identified, and finally the response of holders to 

questions on the census are observed. This trial census was held in three selected governorates 

representing the regions of Upper and Lower Egypt. 

The following flow chart illustrates how the processes of the census and data collection are 

carried out. 

 
Fig 3.2 Egyptian Agricultural Census Process Flow 
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Fig 3.3 Build Numbering and Census interviews while completing paper forms 

As shown in figure 3.3, the census is conducted through personal interviews done by counters 

with the holders in their place of residence. That took place after numbering the buildings in villages 

and small towns to identify them easily. However, due to the difficulties of numbering in big cities, the 

counters follow the method of inventory by walking through agricultural basins and taking landholders 

addresses in order to reach them. 

There are certain obligatory rules, set by the Ministry of Agriculture, which must be adhered to 

by counters and the head-of-counters. First, the allocation of one head-of-counters to each five 

counters. Second, the equitable is taken into account distribution among counters and heads-of-

counters in areas of operation. Third, the revision of the numbering that took place in the first phase, 

buildings not mentioned should be documented by writing a notice. Forth, buildings must be visited in 

the same order of the records and all the holders contained in the records must be visited. Finally, the 

heads-of-counters accept records after being reviewed precisely. 

3.3 Development and Evaluation of the Electronic Form 

After indicating the importance of involving EAC counters in the design and development 

processes, a study was conducted on enhancing the form navigation using Panning and Zooming on 

mobile devices and comparing usage against Tabbed navigation technique. 
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3.3.1 Participants 

A number of 20 male EAC counters, nominated by and worked at the Egyptian Ministry of 

Agriculture, were recruited in Egypt. However, they were all familiar with the original paper version 

of the Agricultural Census. Their age ranged from 25 to 42. They were all bachelor degree holders. 

Their fields of study greatly varied and none of them were familiar with using tablets, while their 

usage for desktop/laptop was limited to home use entertainment such as; playing games and watching 

movies.  

3.3.2 Apparatus 

The form is designed2 by using HTML5 markup and displayed on an Apple iPad 2 using the 

standard Safari browser (9.7” screen with resolution of 1024x768). It is based on two techniques; 

selecting and typing. The form is composed of a combination of checkboxes and textboxes and was 

designed to closely resemble the original paper version in structure and individual components 

The paper Agricultural Census form is divided into 5 main sections. Section 1 contains 

questions regarding the holder’s information. Section 2 data is regarding the possession of land.    

Section 3 is data about livestock and animals. Section 4 discusses the agricultural machinery. The final 

section includes information regarding labor used. These five sections are reflected in the electronic 

form. The first section is visible to enter in the data. The other four are optional and initially hidden 

and become visible according to the selection of their checkbox on the overview section.  

As shown in figure 3.4, the counter enters the essential data of the holder regarding his/her 

personal information. This part represents the first section of the form. The counter asks the holder 28 

yes/no questions as shown in figure 3.5; these questions generate the entire form. There are four main 

questions representing the rest four main sections of the form. Each main question contains a number 

of sub questions, which represent a set of required information to be given by the holder and filled out 

by the user (counter). 

                                                
2 The study systems were developed in HTML and JavaScript by the candidate. 
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Subsequently, zooming in or out enables the counter to edit and update fields in a certain 

section or to view the entire sections of the form, respectively. Afterwards, the counter begins filling in 

the form. Later, after making sure that all fields are completed and correct, the user submits the form. 

3.3.3 Procedure and Results 

Users were asked to complete two forms on the device. Figures 3.6 and 3.7 show the two 

interface versions. The dependent variables were task-completion time (in seconds), interface 

preference, and subjective workload. The workload was measured with the NASA Task Load Index 

questionnaire (NASATLX), which contains six subscales; Mental Demands, Physical Demands, 

Temporal Demands, Own Performance, Effort, and Frustration. Tasks and order of presentation of 

interfaces were randomly balanced. 

 

 

 
Fig 3.4 Form Filling Process Flow Chart  Fig 3.5 28 (yes/no) questions 

 

 

 
Fig 3.6 View of the entire form using 

Panning and Zooming navigation technique 

 Fig 3.7 View of the form using Tabbed 

navigation technique 
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The results showed that the participants took about 31 minutes on average to complete the 

tasks using the Panning and Zooming technique, but 35 minutes on average using the Tabbed 

navigation technique. This significantly showed lower task completion time (p<0.05, paired t-test, df 

=19) as shown in figure 3.8. Moreover, NASA TLX forms were completed after each interface and 

showed lower workload for effort (p<0.1) using Panning and Zooming navigation technique. This 

implies that the users did low effort in order to accomplish their level of performance. 

Table 3.1 Time and NASA TLX results 

 

Completion 

time (min) 
NASA TLX Scale 

T Q1 Q2 Q3 Q4 Q5 Q6 

Zoom 31 10 9 12 13 9 12 

Tab 35 12 11 11 11 11 12 

T-Test results 2.163	   0.719	   1.044	   0.968	   0.653	   1.871	   0.689	  
 

Finally, at the end of the test, users were asked, “which navigation technique do you prefer?”. 

Fourteen of twenty users favored the Panning and Zooming technique. Their comments were clear 

regarding the ability of viewing the whole form rather than hopping through tabs. A couple of them 

suggested adding the ability of the user to determine the uncompleted sections or fields in the form.  

 
Fig 3.8 Time and NASA TLX results 

0	   2	   4	   6	   8	   10	   12	   14	   16	   18	   20	  

Mental	  Demand	  
Physical	  Demand	  

Temporal	  Demand	  
Performance	  

Effort	  
FrustraEon	  

NASA	  TLX	  scores	  

0	   5	   10	   15	   20	   25	   30	   35	   40	  

CompleEon	  Time	  

Comple1on	  1me	  (minutes)	  

Zooming	  

Tabbing	  



Improving Form Control and Navigation on Mobile Devices 

45 
 

3.4 Summary 

This chapter shows an improvement of form navigation on mobile devices. The approach is 

based on computerizing forms and using Panning and Zooming as a navigation technique. In order to 

do so, an observational study was conducted on the Egyptian Agricultural Census (EAC). However, 

there were considerable challenges in reducing the size of the paper forms to fit mobile devices and 

introducing fast navigation technique.  

It was concluded that using Panning and Zooming technique scored 4 minutes less in the 

average completion tasks time in comparison to using Tabbed navigation technique. Eventually, by 

measuring the workload using the Panning and Zooming technique, it showed indicatively lower 

workload which reinforces its superiority over using Tabbed navigation technique in form navigation. 

The results are based on a relatively small sample of participants doing artificial tasks in a laboratory 

setting. Future work could be conducted to run field-based trials as part of the EAC. This is to confirm 

and fully assess the results of the zoom-based tablet application that supersedes the paper-based forms.  

The next chapter will illustrate the optimization of Arabic text entry on mobile devices. It will 

give a brief description of an informal survey on key distribution of Arabic keyboard and the way of 

optimizing the Arabic keyboard layout.  
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 Optimizing Arabic Text Entry on 

Mobile Devices 

There are many improvements proposed in the field of HCI and especially in text entry in 

which the Arabic Language users was involved in the enhancement process. The research aims at 

implementing these improvements, which enable the Arabic Language users to carry out the data entry 

process efficiently using the current keyboard layouts located on mobile devices and tablets. That is 

done by optimizing the Arabic keyboard layout on three design metrics: minimizing finger travel 

distance in order to maximize speed, minimizing neighboring key error ambiguities in order to 

maximize the quality of spell correction, and maximizing familiarity for less technologically literature 

users through approximate alphabetic sorting.  

In this chapter, the work done on optimizing the Arabic keyboard layout will be shown. The 

first subsection will cover an informal survey on key distribution of Arabic keyboard. The second 

subsection will focus on the development of an optimum keyboard. The third subsection will show the 

testing of the developed keyboard and the outcomes of the tests. The final subsection will give a brief 

summary.  

4.1 Informal Survey on Key Distribution of Arabic Keyboard 

After indicating the lack of research regarding optimizing the Arabic keyboard layout, an 

informal survey was conducted on key distribution of Arabic keyboard. In this survey vertically 

aligned alphabetically ordered keyboard layout was compared to the default Arabic keyboard layout. 

The main goal was to know which keyboard the Arabic Language users prefer.  

4.1.1 Participants 

Ten Egyptian volunteers helped in conducting the survey. Their main speaking language was 

Arabic. Five aged 26-35, four aged 36-49, one aged 50, and 30% females and 70% males. All 
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participants were bachelor degree holders. Their fields of study and work varied greatly. Only one 

participant was familiar with touch screens. Additionally, four participants were desktop/laptop users.  

4.1.2 Apparatus 

Two keyboards shown in figures 4.1 and 4.2 were created as paper prototypes. The default 

Arabic keyboard layout prototype was captured from an iPhone 4, while the second keyboard was 

designed in a way such that the keys are aligned vertically from right to left in alphabetical order. 

 

 

 
Fig 4.1 Default Arabic keyboard layout  Fig 4.2 Vertically aligned alphabetically 

ordered keyboard layout 

4.1.3 Procedure and Results 

Participants were asked to type a couple of random sentences and to choose which layout is 

preferable from their point of view. Six out of ten preferred the keyboard with letters aligned vertically 

in alphabetical order, due to the ease of finding the letters. Three preferred the keyboard with the 

default Arabic layout because they are accustomed to using it. One was neutral and wanted to align the 

letters in alphabetical order but horizontally from top to bottom. 

4.2 Development of an Optimized Arabic Keyboard Layout 

After going through the findings from the survey regarding which keyboard is preferable, it 

was found that the default Arabic keyboard layout is not preferable to Arabic Language users. 

Moreover, introducing a keyboard with alphabetically sorting layout that maximizes text entry speed 

and minimizes error occurrence is required. However, in order to achieve this optimal keyboard layout, 

it was necessary to go through a certain methodology. This methodology depended on using an 

optimization technique and a large representative Arabic text corpus. 
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Pareto optimization is a variant of local neighborhood search adapted for multiple criteria 

searching (Hoos, H.H. and Stutzle, T, 2005).  In other words, it is an area of multiple criteria decision 

making, where optimal decisions need to be taken in the presence of trade-offs between two or more 

conflicting objectives. A three-dimensional Pareto front optimization (Dunlop, M. D. and Levine, J, 

2012) was used to minimize finger travel distance in order to maximize speed, minimize neighboring 

key error ambiguities in order to maximize the quality of spell correction, and maximize familiarity for 

less technologically literate users through approximate alphabetical sorting. 

4.2.1 Arabic Text Corpus 

The development of a keyboard requires analysis of a large representative text corpus. Issues of 

the Arabic newsletter “Watan” dated back to 2004 were analyzed. It contained articles from fields 

such as culture, economy, international and regional news, religion, and sports (2782, 3468, 5631, 

3860, 4550 articles respectively). So the related character frequencies are not biased to any particular 

field. The articles were downloaded, parsed and analyzed to find frequency information.  

The articles were extracted, saved in one file (size of 72 MB), and all numbers and symbols 

were removed. Occurrence of characters, character-pairs and badgrams were calculated. Badgrams 

were based on the likelihood of a one-letter substitution resulting in a valid word and, as per Dunlop 

and Levine, were weighted according to frequency of use. The corpus contained 126,913 unique words 

(34,009,607 occurrences).  

4.2.2 Monograms, Bigrams, and Badgrams 

Monogram from the Arabic developed corpus is shown in figure 4.3. The x-axis represents the 

letters of the Arabic language, while the y-axis in represents the monogram scaled to the total number 

of Arabic language letters. The results show that letter ‘اا’ recorded the highest frequency among all 

letters, which implies that it is the most used letter in the Arabic language with a frequency of 0.187. 

The second, third, and last frequencies were 0.099 = يي ,0.111 = لل, and 0.001 = ظظ respectively. These 

frequencies will help in identifying the new position of letters in the optimization process. 
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Fig 4.3 Arabic letter monogram frequencies in the Arabic corpus 

The bigram from the Arabic developed corpus is shown in figure 4.4. The x-axis and z-axis 

represent the occurrence of two consequent letters, while the y-axis represents the bigram scaled to the 

total number of letters. The bigram analysis resulted in a weight for each two-letter Arabic bigram – 

the occurrence information between the 36 characters and between each character was recorded and 

space to give 37*37 pairs. The top four key pair probabilities were 0.060 = اا_ ,0.068 = _نن ,0.071 = _يي, 

and 0.054 = للاا (where _ represents space), as shown in table 4.1.  Compared to English there were very 

few badgrams for Arabic. This is a result of the reduced role of vowels in written Arabic. The most 

common badgrams were “مماا” and “یيم”, however 32 badgrams in total were found (compared to 325 for 

English), where “مماا” represents only 0.003% of the bigram occurrences compared to 0.017% for “AE” 

in English.  
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Table 4.1 Arabic letter pair frequencies in the Arabic corpus. 
 عع ظظ طط ضض صص شش سس زز رر ذذ دد خخ حح جج ثث تت بب اا _ 

_ 0.000 0.012 0.001 0.002 0.001 0.000 0.000 0.000 0.003 0.000 0.001 0.002 0.001 0.000 0.000 0.004 0.000 0.000	   0.003	  
	0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.002 0.002 0.000 0.001 0.000 0.060 اا   0.003	  
	0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.004 بب   0.	  00	  
	0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 تت   0.000	  
	0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.002 ثث   0.000	  
	0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 جج   0.000	  
	0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.007 حح   0.000	  
	0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.003 خخ  000	   0.000	  
	0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 دد  000	   0.002	  
	0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ذذ   0.0	  0	  
	0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.002 رر   0.000	  
	0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 زز   	  	  000	  
	0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 سس   0.000	  
	0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 شش  000	   0.0	  0	  
	0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 صص   0.000	  
	0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ضض   0.000	  
	0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 طط   0.000	  
	0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ظظ   0.000	  
	0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.020 عع   0.000	  
	0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 غغ   0.00	  
	.0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.047 فف  00	   0.000	  
	0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.001 0.001 قق   	  .	  	  0	  
	 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.010 كك  	  000	   0.000	  
	0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.003 0.001 0.000 0.000 0.001 0.054 0.007 لل   	  .015	  
	.0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.000 0.000 0.003 0.045 مم  00	   0.000	  
	0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.014 0.000 نن   0.005	  
	0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.005 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.009 ھھھه   0.000	  
	0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.001 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.001 0.007 0.004 وو   0.000	  
	0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.001 0.004 0.000 0.000 0.001 0.000 0.000 0.007 0.002 0.001 0.001 يي   0.000	  
	0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.006 أأ   0.000	  
	0.0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 إإ  0	   0.000	  
	0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 آآ   0.00	  
	0 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 ء  	  00	   0.0	  0	  
	0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ؤؤ   0.000	  
	0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ئئ   0.000	  
	0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ةة   0.001	  
	0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 ىى   0.000	  
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Table 3.1 Arabic letter pair frequencies in the Arabic corpus (continued). 

 ىى ةة ئئ ؤؤ ء آآ إإ أأ يي وو هه نن مم لل كك قق فف غغ 
_ 0.000 0.001 0.002 0.000 0.019 0.009 0.068 0.006 0.000 0.071 0.000 0.000 0.000 0.002 0.000 0.000 0.005 0.017 
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.004 0.011 0.005 0.001 0.001 0.000 اا
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.001 0.000 0.000 بب
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.007 0.000 0.000 0.000 0.000 تت
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ثث
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 جج
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 حح
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 خخ
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 دد
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.008 0.000 0.000 0.004 0.000 0.000 0.000 0.000 ذذ
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.001 0.000 0.000 0.002 0.001 0.000 0.000 0.000 0.000 رر
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 زز
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 سس
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 شش
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 صص
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.004 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ضض
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 طط
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ظظ
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.004 0.003 0.000 0.000 0.000 0.000 عع
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 غغ
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 فف
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.001 0.000 0.000 قق
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 كك
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.007 0.000 0.000 0.000 0.000 0.005 0.000 0.000 0.000 لل
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.004 0.000 0.000 0.000 0.006 0.000 0.000 0.000 0.000 مم
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.006 0.002 0.002 0.000 0.000 0.038 0.007 0.001 0.000 0.000 0.000 نن
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 ھھھه
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 وو
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.001 0.003 0.001 0.013 0.002 0.000 0.047 0.000 يي
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 أأ
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 إإ
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 آآ
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ء
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ؤؤ
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ئئ
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 ةة
 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.015 0.000 0.000 0.000 0.000 ىى
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Fig 4.4 Arabic letter bigrams in the developed corpus 

A function that measured similarity between novel layouts and QWERTY was added by 

Dunlop and Levine (2012) as a third metric to attempt to minimize deviation from QWERTY. Given 

the higher levels of computer and keyboard literacy in developing countries, such as Egypt, together 

with the variation in keyboard layouts, optimizing to a standard keyboard was found less suitable. 

Accordingly, the third metric was familiarity with a column-major alphabetic keyboard, with alphabets 

running from right to left.  

 
Fig 4.5 Pareto Front Shape 
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Randomly generated keyboards formed an initial set of potential solutions3. This set went 

through 2000 iterations in which each keyboard had a small number of keys swapped. If the new 

keyboard was better on any metric than an existing solution, it was added to the set. On the other hand, 

if it was good on all metrics then it dominates the existing one. This leads to a Pareto front – a set of 

dominant solutions on a 3D surface as shown in figure 4.5. At the end of the process the space was 

normalized so that each dimension ranged from 0 to 1 and took a good compromise design from the 

center of the Pareto front. 

4.3 Evaluating the Optimized Arabic Keyboard 

Two user studies were conducted in which the selected Pareto optimized Arabic keyboard 

layout was evaluated against the Apple Arabic layout.  

4.3.1 Participants 

Twenty volunteer participants were recruited in Egypt by personal contact to conduct each user 

study (total of two user studies). Their main speaking language was Arabic. Participants were 

Egyptians, aged 20-40, 45% females and 55% males, and bachelor degree holders. Their fields of 

study and work varied greatly. Twelve participants were familiar with touch screens. Also, seventeen 

participants were desktop/laptop users. 

                                                
3 Based on previous code for English optimization, Dr. Mark Dunlop developed the Pareto optimized Arabic keyboard 
layout code and ran the software to generate the keyboard layouts. Corpus analysis, refinement, bigram and badgram 
modelling were done exclusively by the candidate. The Android IME Java and XML code was developed jointly. 
 

 

 

 
Fig 4.6 Apple Arabic keyboard layout  Fig 4.7 Pareto optimized Arabic keyboard layout 
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4.3.2 Apparatus 

Two keyboards shown in figures 4.6 and 4.7 were created. The developed keyboards were an 

Android implementation and displayed on an HTC Desire S (480 x 800 pixel, 3.7" screen size), 

running Android OS, v2.3 (Gingerbread).  

4.3.3 Procedure 

Users were asked to type in 3 full sentences as a practice and 20 full sentences as a test on each 

keyboard. Time information was recorded from the first keystroke to the last keystroke for each 

sentence. These sentences were selected randomly from the standard MacKenzie and Soukerof set 

developed short phrases for the study and translated into Arabic (MacKenzie, I. S. and Soukoreff, R. 

W., 2003), as shown in appendix D. Users were asked to correct any mistakes while typing in the 

sentences. They were told that typing speed and accuracy were the interest behind these two user 

studies. 

4.3.4 Results and Discussion 

 
Fig 4.8 Text entry results of first usability test 

The results in figure 4.8 showed that users typed at a rate of 20.3 and 20.5 words-per-minute 

on average using the Pareto optimized Arabic keyboard layout and the Apple Mac Arabic keyboard 

layout, respectively. It also showed that users typed at a rate of 9.5 and 9.6 words-per-minute 
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throughout the test session on average using the Pareto optimized Arabic keyboard layout and the 

Apple Mac Arabic keyboard layout, respectively. The uses began their sessions using the Pareto 

optimized Arabic keyboard layout, which increased the learning effect through the study. 

Consequently, these results in addition to the learning effect ensured the need to conduct another user 

study with another 20 volunteers, to make sure that the optimized Arabic keyboard could overcome 

the default Apple Arabic keyboard. 

In the second user studies, ten uses began their sessions using the Pareto optimized Arabic 

keyboard layout, while the other ten began using the Apple Mac Arabic keyboard layout. The results 

in figure 4.9 showed that users typed at an estimate of 24.4 words-per-minute4 on average using the 

Pareto optimized Arabic keyboard layout, but 19.6 words-per-minute on average using the Apple Mac 

Arabic keyboard layout. Despite the relatively short study, this shows an indicative speed advantage 

for the developed keyboard (2-tailed paired t-test, n=20, p<0.1) over the standard keyboard. It also 

showed that users typed at a rate of 11.4 words-per-minute throughout the test session on average 

using the Pareto optimized Arabic keyboard layout, but 9.2 words-per-minute throughout the test 

session on average using the Apple Mac Arabic keyboard layout. 

 
Fig 4.9 Text entry results of second usability test 

                                                
4 The system failed to record wpm data from some phones in the second usability study. Times for these were estimated 
based on server logs and estimates crosschecked where full data was available. 

0.0	  

5.0	  

10.0	  

15.0	  

20.0	  

25.0	  

30.0	  

Apple	  layout	   Developed	  layout	  

es
/m

at
ed

	  w
or
ds
-‐p
er
-‐m

in
ut
e	  

es<mated	  word	  per	  
miunte	  

word	  per	  miunte	  
throughout	  the	  test	  
session	  



Optimizing Arabic Text Entry on Mobile Devices 

56 
 

Throughout the study, 13 users performed faster on the Pareto optimized Arabic keyboard, 

whereas 4 accomplished the testing task quicker using the Apple Mac keyboard, and just one user 

typed at the same speed on both layouts. At the end of the study, users were asked to select their most 

preferred keyboard layout. The majority preferred the Pareto optimized Arabic keyboard layout. Their 

main preference was due to the key distribution being close to the vertically aligned alphabetically 

ordered keyboard layout, which enabled them to find keys faster. However, some users noted that 

more time is needed to practice on the optimized keyboard layout, to shift from the Apple Mac layout 

to the optimized one. 

4.4 Summary 

This chapter presents a new design of an Arabic keyboard layout for effective text entry on 

touch screen mobile phones. The approach is based on Pareto front optimization using three metrics: 

minimizing finger travel distance in order to maximize speed, minimizing neighboring key error 

ambiguities in order to maximize the quality of spell correction, and maximizing familiarity for Arabic 

Language users through approximate alphabetic sorting.  

In user studies, the new layout showed an observed improvement in typing speed in 

comparison to the Apple Mac Arabic Keyboard layout. In addition to this initial benefit, the design of 

the keyboard to support faster and more accurate entry should lead to even higher medium and long-

term speed. Users’ preferences were obtained in favor of the optimized layout, as key distribution is 

more familiar to the vertically aligned alphabetically ordered layout. Furthermore, comparing Arabic 

Language with typical Western users, having a wider variation in standard keyboard layouts, some 

users still suggested that it would take more time practicing to gain more familiarity with key locations. 

Currently, there is an  opportunity to research new optimized keyboard designs with less usage 

experience than QWERTY as in mainstream Western European languages. Pareto optimization can 

produce high quality keyboards for alphabet based languages that could be beneficial when there is 

less reluctance to change from QWERTY.The next chapter will introduce a Gesture-based text entry 

technique on small display mobile devices.  

    



 

57 
 

 Gesture-Based Arabic Writing Pad 

Gesture-based text entry was introduced as a method of text entry for mobile devices. In this 

method, gestures are drawn instead of touching keys on the screen. Handwritten character can be a 

gesture, but instead of letters, symbols and metaphors are used such as; edges, points, swipes, and 

spaces. This method could hinder the user’s writing on the screen. However, it proved its superiority 

when it comes to the recognition accuracy and speed because it guarantees a correct output when user 

writes a correct gesture on the screen.  

In this chapter, the work done on introducing an Arabic Gesture-based writing pad will be 

shown. The first section will cover the concept and methodology behind introducing such writing pads. 

The second section will show a study on fragmentation text entry for Arabic Language. The third 

section will focus on the development and the test of a 12-Key GBAWP. The third section will 

illustrate the development and the test of an optimized 6-Key GBAWP suitable for small display 

mobile devices. The final section will give a brief summery.  

5.1 Concept and Methodology of the GBAWP  

A recent method known by Gesture Keyboard is one of the methods used for text input for 

syllabic scripts. Its success and acceptance is critically dependent on the reliability of gesture 

recognition. The gesture recognition for the GBAWP is accomplished through sequence of touched 

points or swipes on the screen. The architecture of GBAWP is shown in figure 5.1, were the activity of 

gesture recognition is divided across two major areas known respectively as the Screen and the 

Recognition Engine. The Screen recognizes the simple swipes done by the user and views back 

intended characters, while the Recognition Engine achieves swipe data from the Screen, assembles 

them to form sets, and converts the correct set into defined characters.  

The process, as shown in figure 5.1, is initiated when user sets his/her finger on the screen of 

the device, which sets the touchStart function indicating the X/Y position of the finger. During the 

movement of the finger, touchMove function records the motion of the finger. Upon the removal of 
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the user’s finger from the screen, touchEnd function gathers all data from the previous two functions 

and sends it to the recognition engine in order to identify the intended character.  

 
Fig 5.1 GBAWP Process Flow 

Afterwards, two functions within the recognition engine receives the data, perform some 

calculations to identify the swipe direction. There are four direction used in GBAWP; North, South, 

East, and West. After detecting the swipe direction, it is amended to a string that is used afterward in 

the comparison process. Pre-defined sets are initiated in the recognition engine; each set defines a 

valid Arabic character. The compareChar function is responsible for comparing the string, which 

contains a set of swipes, with the pre-defined sets. If the string does not match a pre-defined set, the 

recognition engine rests till it receives new data from the screen. Otherwise, it converts the set into an 

Arabic character and sets the printText function to print out the character on the screen. Finally, a 

resetString function is initiated to reset the string to null on the engine’s side waiting for new data.   

5.2 A survey on fragmentation text entry for Arabic Language 

After indicating the lack of research regarding text entry for Arabic Language, a study was 

conducted on fragmentation text entry for Arabic Language. The main goal was to observe 

fragmentation text entry and the estimate time taken for that task. 
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5.2.1 Participants 

Fifteen university graduate volunteers, from different Arab countries studying and living in the 

UK, helped in conducting the survey. Eleven aged 26-35, four aged 36-49, 46.6% females and 73.3% 

males, and bachelor and M.Sc. degree holders. Their fields of study and work varied greatly. Their 

main speaking language was Arabic. 

5.2.2 Apparatus 

Thirty-five Arabic sentences were printed on paper with boxes below, as shown in figures 5.2. 

The figure also shows the fragmented sentences written by users into those boxes. These sentences 

were selected from the standard MacKenzie and Soukerof set developed short phrases for the study 

and translated into Arabic (MacKenzie, I. S. and Soukoreff, R. W., 2003), as shown in appendix D. 

The study used a paper and a pen, and a stopwatch. 

 
Fig 5.2 Fragmentation text entry for Arabic language 

5.2.3 Procedure and Results 

Participants were asked to fragment words into letters and write them in boxes below the 

sentence in order to estimate the time taken for that task. Time was recorded from the beginning till 

the completion of the given sentence. The study showed that participants wrote fragmented letters at 

an average speed of 10.1 words-per-minute throughout the test session. However, the English 

handwriting speeds are 20+ words-per-minute, where the average of 31 words-per-minute for 

memorized text and 22 words-per-minute while copying (Brown, 1988; Bailey, 1996). Consequently, 

it was indicated that the Arabic handwriting speed is 32-45% the speed of the English handwriting.  

5.3 Development and Evaluation of the 12-Key GBAWP  

The development of the 12-key GBAWP was to observe gesture text entry and the estimate 

time taken for that task. The interface appeared like a 12-key physical keypad phone, which used 
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swipe instead of tapping on keys for text entry. It was developed in order to maximize the text area 

field and to minimize number of the keys displayed on the screen (30 to only 12 keys). Usability test 

was conducted in which to extract completion times (in seconds) for each character.  

5.3.1 Participants 

Fifteen volunteer participants, recruited in Egypt by personal contact, took part in conducting 

the test. Their main speaking language was Arabic. They were Egyptians, aged 20-40, 45% females 

and 55% males, and bachelor degree holders. Their fields of study and work varied greatly. Only five 

participants were familiar with touch screens. Also, seven participants were desktop/laptop users.  

5.3.2 Apparatus 

   
  Fig 5.3 12-Key GBAWP 

The prototype shown in figure 5.3 was developed in HTML5 and JavaScript. It was displayed 

on an iPad Mini (2048 x 1536 resolution at 326 pixels-per-inch, 7.9" screen size), running iOS 7. 

5.3.3 Procedure 

Thirty trials (one successive attempt per trial) were made. Participants were given a random set 

of Arabic alphabetic letters (one at a time) to type in the prototype using swipe gestures. Swipe gesture 

is preformed by moving one finger across a touchscreen in a single direction. Each letter had a pre-

defined set of swipes, done by connecting two or more virtual keys display on the screen. While they 



Gesture-Based Arabic Writing Pad 

61 
 

were completing the swipes for the given letter a prediction button appeared with possible predictions 

of letters to choose from. On completion of swipes, the participant chose from the prediction bar the 

intended letter. This chosen letter was then added to the text area. This was counted as a successive 

attempt and he/she was given the next letter to enter afterwards. 

5.3.4 Results and Discussion 

The results in table 5.1 show that letter ‘رر’ recorded the fastest written letter among all letters. 

Furthermore, the letter ‘اا’ reported as the second fastest letter, which is the most used letter in the 

Arabic language. The second, third, and last frequent used letters were ‘يي‘ ,’لل’, and ‘ظظ’ that recorded 

3.3, 4.3, and 7.8 sec, respectively. The slowest letter written was ‘ ـش ’ and recorded 15.5 sec. Figure 5.4 

represents the Arabic letter writing duration in comparison to how frequent the letter appeared in the 

previously developed Arabic corpus. 

Table 5.1 Arabic Letter duration using 12-Key GBAWP 

Letter  Time Freq. Letter Time Freq. Letter Time Freq. Letter Time Freq. 
اا  4 0.0 7.96 نن 0.001 7.85 ظظ 0.008 4.72 ذذ 0.187 1.60 
بب  0.025 3.82 ھھھه 0.019 14.  عـ 046.  50.  رر 0.034 7.26 
تت  0.062 5.62 وو 0.011 7.92 غـ 0.011 2.70 زز 0.034 8.04 
ثث  0.099 4.32 يي 0.019 7.63 فـ 0.026 6.98 سـ 0.011 0.85 
جـ   (Space) 025 0 11.00 قـ 0.011 15.49 شـ 0.017 4.82 

حـ - 1.58 مسافة  0.023 2.70 كـ 0.008 8.86 صص 0.020 3.88 
خـ  (Delete) 0.111 3.30 لل 0.006 10.35 ضـ 0.008 5.73 

دد - 1.48 حذفف  0.056 6.32 مم 0.005 5.93 طط 0.028 2.22 
 

  

 
  Fig 5.4 Arabic letter writing duration vs. frequency 
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5.4 Development and Evaluation of the 6-Key GBAWP 

 In the online recognition field, El-Wakil and Shoukry (1989) studied the structure of Arabic 

letters and noticed that every Arabic letter has a main stroke and some letters have dots and secondary 

strokes. However, distinguishing letters from each other is done by the addition of secondary strokes, 

e.g., dots, in different positions relative to the main stroke as (تت٬، طط٬، ظظ٬، بب). Furthermore, Some Arabic 

characters contain loops such as (فف), but no more than two loops may be adjacent share a common 

link. Considering the Arabic letters characteristics, structure, and maximizing speed, an optimization 

technique for GBAWP layouts based on dot recognition was used to create a new writing pad capable 

of fitting in smaller display mobile devices. This technique used swipes to represent the main and 

secondary strokes, while tapping on virtual keys to add dots to character. 

 

 

 

 
Fig 5.5 Dots Presentation   Fig 5.6 Optimization of the “شش” and “بب” letter form 

As previously mentioned, some letters (يي ,جـ ,ثث ,تت ,بب, etc.) have dots above or beneath the 

main stroke. Accordingly, the interface was divided into two horizontal halves, each representing a 

different position of dots relative to the main stroke, as shown in figure 5.5. Consequently, this 

optimization leads to minimizing the number of swipes for letters containing dots in its representation, 

as shown in figure 5.6. Furthermore, as seen in figure 5.7, letter “بب” required 6 swipes using 12-Key 

GBAWP (top left), but 3 swipes and 1 tap using 6-Key GBAWP (top right). Also, letter “شش” required 

13 swipes using 12-Key GBAWP (bottom left), still it required 6 swipes and 3 tap using 6-Key 

GBAWP (bottom right). The blue arrow represented the swipe direction from one virtual key to 

another, while the short blue line in addition to the red rectangle represented a single tap on a virtual 

key.  
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Fig 5.7 GBAWP character form 
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After modeling the 6-Key and 12-Key GBAWP using the enhanced version of KLM 

(mentioned in chapter 6), the modeled version of both GBAWPs was done as follows: 

1. Calculate the time taken for a swipe/tap. 

• Swipe interaction: MTS = 44.78 + 34.64 ID, where ID = 2 (12-Key) or 1 (6-Key). 

• Tap interaction:  MTT = 54.38 + 13.27 ID, where ID = 1 (6-Key). 

2. Fragment letters to a set of swipes and taps, and accumulate these times to form time-per-letter.  

• Number of Swipe-per-letter:  NS 

• Number of tap-per-letter:       NT 

• Time-per-letter:           TL = (NS * MTS) + (NT * MTT). 

3. Fragment sentences into letters and spaces, calculate number of words, accumulate these times 

to form time-per-sentence, and calculate words-per-minute.  

• Number of characters: NC, where each letter or space is counted as one character. 

• Number of words: NW = NC / 5, where the average word length in Arabic is 5 (Alotaiby et. 

al, 2009). 

• Time-per-sentence: TS 

• Words-per-minute: TW = TS / NW. 

Table 5.2 Arabic Letter duration for modeled 12-Key vs. 6-Key GBAWP 

Letter  (6-Key) (12-Key) Letter (6-Key) (12-Key) Letter (6-Key) (12-Key) 
اا  10.27 5.32 قـ 3.42 3.06 زز 1.14 0.79 
بب  3.42 2.38 كـ 7.98 4.77 سـ 6.84 3.06 
تت  3.42 2.38 لل 14.83 6.79 شـ 7.98 3.74 
ثث  6.84 4.77 مم 7.98 3.97 صـ 10.27 4.41 
جـ  7.98 3.06 نن 10.27 4.65 ضـ 4.56 3.06 
حـ  4.56 3.18 ھھھه 5.70 4.77 طط 3.42 2.38 
خـ  5.70 3.97 وو 7.98 5.44 ظظ 5.70 3.06 
دد  4.56 3.74 يي 5.70 3.18 عـ 2.28 1.59 
ذذ مسافة  (Space) 7.98 3.85 غـ 4.56 2.26   0.79 1.14 
رر  1.14 0.79 حذفف (Delete) 7.98 4.65 فـ 1.14 2.38 
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Fig 5.8 Modeled 6-Key vs. 12-Key GBAWP 

The results in figure 5.8 show that the estimated words-per-minute are 4.5 and 2.9 on average 

using 6-Key and 12-Key GBAWP, respectively. Furthermore, the results of table 5.2 show that 11% to 

62% less time is taken to type letters using 6-Key GBAWP technique. However, for ‘رر’ it took double 

the time to write the character. 

5.4.1 Implementation of the 6-Key GBAWP on SmartWatch 

GBAWP was introduced to enable users to perform Arabic text entry on small display mobile 

devices. Therefore, the 6-Key GBAWP was implemented on smart watch. The design of prototype 

slightly changed from the previous 6-Key GBAWP, so as to overcome limitations in the watch’s 

software, as shown in figure 5.9. The display was divided into seven zones. Zones 1 to 6 form large 

keys while the center zone shows the current input text and acts as a general area for general 

interactions (letter verification, space, and backspace).  

 
Fig 5.9 6-Key GBAWP zone distribution on the SONY SmartWatch 2 
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For main text entry the user performed interactions on the watch surface with the input being 

processed by the text entry system (running on the connected smartphone). Interactions were defined 

as follows:  

• A swipe between two zones from 1 to 6 entered that first zone number and swipe direction (up, 

down, left, or right). 

• A tap on zone 1- 6 entered that zone number.  

• A left swipe on the central zone added a space.  

• A center tap is used for letter or word completion.  

• A right swipe on the central zone is used for backspace. 

As previously mentioned, regarding the limitations, any application displayed on the watch 

was just a mirror of it running on the smart phone. In particular, the watch can neither track a live 

interaction nor get the length, path, or accurate direction of a gesture. Moreover, the watch only 

handles basic events and parameters, which are sent back and forth between it and the phone. 

Consequently, a slight change in the process flow was done in order to overcome these limitations5. 

The process, as shown in figure 5.10, is initiated by handling a touch event occurring on the watch 

screen. Parameters, such as X/Y position of the finger and direction (up, down, left, or right), are sent 

back through Bluetooth to the java application running on the phone.  

 
Fig 5.10 6-Key GBAWP Process Flow on the smart watch and the mobile phone 

                                                
5 The software was developed in conjunction with Dr Mark Dunlop. Dr Dunlop developed a lightweight Android Java 
application that displayed buttons on the Sony watch, received user inputs, passed these through to the main JavaScript text 
entry engine, and finally presented these results back on the watch’s screen. The JavaScript code text entry engine was 
written solely by the candidate. 
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Afterwards, A function within the developed JavaScript code (running in a webpage window 

within the java application) receives the data to identify the swipe direction. After detecting the swipe 

direction, it is amended to a string that is used afterward in the comparison process using the 

compareChar function. Subsequently, after the conversion of the string set into an Arabic character, 

the printText function sends the character back to the setWatchScreen function in java application. 

Finally, the setWatchScreen function updates the watch surface. 

5.4.2 Evaluation of the 6-Key GBAWP on SmartWatch 

Usability test was conducted in which to extract completion times (in seconds) for each 

sentence written on the Sony SmartWatch 2 using 6-Key GBAWP. 

5.4.2.1 Participants 

Fifteen volunteer participants, recruited in Egypt by personal contact, took part in conducting 

the test. Their main speaking language was Arabic. They were Egyptians, aged 20-35, 40% females 

and 60% males, and bachelor degree holders. Their fields of study and work varied greatly. Only five 

participants were familiar with touch screens. Also, nine participants were desktop/laptop users. 

5.4.2.2 Apparatus 

  
Fig 5.11 6-Key GBAWP on a SONY SmartWatch 2 

The prototype shown in figure 5.11 was developed in HTML5, Java and JavaScript. It was 

displayed on a SONY SmartWatch 2 (220 x 176 pixel resolution, 1.6" screen size), running Android 

OS 4.0. The watch was connected to a Motorola Moto G (running Android OS 4.4 KitKat) via 

Bluetooth.  
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5.4.2.3 Procedure 

Participants were given a random set of thirteen Arabic sentences (3 practice sentences + 10 

test sentences) to type in the application running on the watch using gesture-based text entry. After 

conducting the correct set of swipes, letters and afterwards words are written in the text area viewed 

on the watch's surface. If the user typed in the correct sentence, this was counted as a successive 

attempt and he/she was given the next sentence to enter.  

5.4.2.4 Results and Discussion 

  
Fig 5.12 Modeled 6-Key vs. SmartWatch GBAWP 

The results in figure 5.12 show that the participants executed text entry tasks through the 

usability test with an average of 3.2 words-per-minute. As mentioned in the previous section, the 

estimate of 4.5 words-per-minute on average can be achieved on the long term (modeled using KLM). 

That implies the ability of Arabic language users achieving almost half the hand writing speed 

(average rate of 10.1 words-per-minute), after practicing, while typing on a 1.6" screen watch.  

Moreover, text entry techniques on small screens were compared to handwriting for both 

English and Arabic Languages. Table 5.3 shows that techniques such as; ZoomBoard, Quikwriting and 

Three-key text entry achieved from 18-44% of the hand writing speed in the English language, while 

6-Key GBAWP achieved 32% of the hand writing speed in the Arabic language. 
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Table 5.3 Text entry vs. handwriting speed for English and Arabic Language 

 English Language Arabic Language 

Text entry on 

small screens  

ZoomBoard 7.6 wpm (Oney et al., 2013) 

6-Key 

GBAWP 
3.2 

Quikwriting 
4 wpm (Isokoski and 

Raisamo, 2004) 

Three-key text 

entry 
9.6 wpm (MacKenzie, 2002) 

Handwriting 22 wpm while copying (Brown, 1988) 10.1	  wpm 
 

5.5 Summary 

This chapter illustrates Gesture-based text entry as a method used for mobile devices. Its 

success and acceptance is critically dependent on the reliability of gesture recognition. The gesture 

recognition of the GBAWP is accomplished through a sequence of touched points or swipes on the 

screen. In order to maximize the text area field and minimize the number of keys displayed on the 

screen, a 12-key GBAWP interface was introduced appearing like a 12-key physical keypad phone.  

Moreover, considering the Arabic letters characteristics, structure, and maximizing speed, a 6-

key GBAWP layout based on dot recognition was introduced. After conducting usability tests on both 

the 12-key and 6-key GBAWP, it was found that users could perform text entry on mobile devices 

using the 12-key GBAWP with an estimate of 2.9 words-per-minute on average. Furthermore, they 

also executed text entry tasks on a Sony SmartWatch 2 with an average of 3.2 words-per-minute, with 

an estimation of 4.5 words-per-minute, on average, on the long term. While entry speeds were slow, 

users found it easy to use. 

Therefore, Gesture-based technique enables users to perform Arabic text entry on small display 

mobile devices and watches, which is done using both the 12-key and 6-key GBAWP. The next 

chapter will introduce an enhancement on KLM model to handle interactions on mobile devices and 

tablets.  
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 Enhancing KLM on Mobile Devices 

After presenting an enhancement of form navigation using Panning and Zooming on mobile 

devices, an optimized Arabic keyboard layout, and the 12-key and 6-key GBAWP. A quantitative 

prediction model must be introduced to evaluate these techniques and keyboards. Models, such as 

GOMS (Goals, Operators, Methods, and Selection rules) and KLM (Keystroke-Level Model) have 

been shown to be useful tools in modeling interaction and in deciding between, and filtering out 

designs (Card et. al, 1983). KLM is used to estimate the time taken to complete simple data input tasks 

by combining small timing constants. On physical-key devices it has been widely used to predict task 

times (e.g. text entry for Korean Language (Myung, 2004), Text Entry Speed on 12-button Phone 

Keypads (Pavlovych and Stuerzlinger, 2004) etc.).  

Many enhancements to KLM have been proposed in the literature to be able to evaluate 

different techniques. However, there has been little published research that improves user behavior 

modeling techniques that are capable of estimating the time taken to achieve common interactions 

performed such as swipe, zoom, or tapping, on mobile touchscreen devices. Tran et al. (2013) 

conducted a study of pinch and spread gestures on a phone and a tablet device. They used Fitts’ Law 

in order to characterize execution time for pinch and spread gestures on mobile devices (57% of the 

original data was used in the analysis). 

The proposed work not only focuses on enhancing KLM by extending it with three operators, 

but also compares the results with the previous work of Tran et al. (2013). An investigation is done on 

modeling these interactions performed on mobile devices and tablets. The proposed model is based on 

suggested times derived from Fitts’ Law modeling and analysis of how well these interactions fit Fitts’ 

Law. It also gives an enhancement for developers of smart-phone and tablet applications to predict 

user interaction times without even needing to create prototypes. 

In this chapter, the work done on enhancing KLM to handle interactions on mobile devices and 

tablets will be shown. The first subsection will cover the concept and methodology of building the 

Swipe, Tap, and Zoom prototypes. The second subsection will focus on developing, testing, and 

outcomes of the prototypes. The final subsection will illustrate a brief summery.  
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6.1 Concept and Methodology of Prototypes 

The development of three prototypes came in the process of enhancing KLM derived from 

GOMS model. These prototypes reflected three main interactions, as shown in figure 6.1, used 

nowadays on tablets and mobile devices; 

1. Swipe interaction, which enables the user to do different swipe gestures (short or long) 

to scroll overflowing content, or navigate between views (e.g. scrolling through a 

document/websites etc.). 

2. Tap interaction, which estimates the user’s tapping response time in comparison to 

his/her finger travel distance from a home position (e.g. to estimate typing speed or 

pointing to a target etc.).   

3. Zoom interaction, which is used to cause text or other graphics in a window or frame to 

appear larger on the screen (e.g. zooming, panning a map/photo etc.). 

   
Swipe action: press, move, 
lift. 

Tap action: press, lift. Zoom action: 2-finger 
press, move outwards, lift. 

 

Fig 6.1 Three main interactions to enhance KLM on mobile devices 

The three prototypes6 were built to estimate the time taken to conduct these interactions. Fitts’ 

Law (Paul Fitts, 1954) as a model is used to analyze the general case of estimated time taken for these 

interactions. It is primarily used in human–computer interaction and ergonomics that predicts the time 

                                                
6 The study systems were developed in HTML and JavaScript by the candidate. 
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required to rapidly move to a target area, it is a function of the distance to the target and the size of the 

target.  Of various formulations, the Shannon formulation is one of the mathematical formulas of 

Fitts's law, which was proposed by Scott MacKenzie (1992). It was named for its resemblance to the 

Shannon–Hartley theorem: 

T = a + b * ID, where  ID =    log!
!
!
+ 1 . 

• T is the average time taken to complete the movement. It may also be referred to as MT 

(mean movement time). 

• a represents the incorporating reaction time and/or the time required to execute the 

operator. 

• b stands for the inherent speed of the device.  

• D is the distance from the starting point to the center of the target.  

• W is the width of the target measured along the axis of motion.  

The constant "1" in the formula made a difference from Fitts's original form, especially for low 

values of the ratio D/W, given the advantage that the ID (measured in bits) is always non-negative. Bi 

et al. (2013) introduced the FFitts model — an extension of Fitts’ law to accurately model finger touch 

input for small target acquisition tasks. However, this work investigated the ability to model the finger 

touch input for different target sizes and movement distances. An introduction on Fitts’ Law in 

addition to a review on related studies to it in the field of HCI will be illustrated in appendix A.  

6.2 Development and Evaluation of Prototypes 

Three usability tests were conducted in which to extract completion times (in seconds), for 

each interaction, in terms of different target size and distance from the starting point to the center of 

the target (in pixels). 

6.2.1 Participants 

Thirty volunteer participants, recruited in Egypt by personal contact, took part in conducting 

the Swipe and Zoom usability tests, while twenty-one volunteer participants conducted the Tap 

usability test. Participants were Egyptians, aged 22-39, 35% females and 65% males, and all are 
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bachelor degree holders. Their fields of study and work varied greatly. Eighteen participants were 

familiar with touch screens. Also, twenty-two participants were desktop/laptop users. 

6.2.2 Apparatus 

The prototypes shown in figure 6.2 were developed in HTML5 and JavaScript. It was 

displayed on an iPad Mini (2048 x 1536 resolution at 326 pixels-per-inch, 7.9" screen size), running 

iOS 7. 
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Fig 6.2 Swipe (top-left), Tap (top-right), and Zoom (Bottom) Prototypes 

6.2.3 Procedure 

The Swipe study target was to observe swipe time in seconds and distance in pixels. Three 

trials (sixteen successive attempts per trial) were made. As shown in figure 6.3, users dragged down a 

box placed on the top center towards the destination box placed on the bottom center of a web page 

using the participant’s index finger. The participant stopped and removed his/her index finger from the 

screen when the destination box color turned to light green. This was recorded as a successful attempt. 
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Fig 6.3 Swipe usability test scenario 

The Tap study was to record the participant’s track and touch time in seconds, target size and 

distance in pixels. Two trials (five successive attempts per trial) were made. As shown in figure 6.4, 

each by placing the index finger of the participant on the “Home Position” box placed on the bottom 

of the page. The participant searched for the “Running Target” box and placed his/her index finger on 

this target box. He/she removed his/her index finger from the “Running Target” box when its color 

turned to Light green. Afterwards, the participant placed his/her index finger back on the “Home 

Position” box. This was recorded as a successful attempt. 
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Fig 6.4 Tap usability test scenario 

The Zoom study targeted at recording the participant’s zoom time in seconds, target size and 

distance in pixels. One trial (twenty six successive attempts per trial) was made. As shown in figure 

6.5, each by placing the thumb finger of the participant on the box number 1 and his/her index finger 

on the box number 2. The participant zoomed till he/she exceeded both the left bottom and the right 

top corners of the border box, within the target box. He/she stopped and removed his/her thumb and 

index fingers from the screen when the border box color turned to Light green. This was recorded as a 

successful attempt.  
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Fig 6.5 Zoom usability test scenario 

6.2.4 Results and Discussion 

6.2.4.1 The Swipe usability study  

As shown in table 6.1 and figure 6.6, target width and target amplitude varied across four 

levels resulting in IDs of 1 to 4 bits. The target width varied between 50, 100, 200, and 400 pixels, 

while target amplitude varied between 100, 200, 400, and 800 pixels. Mean movement time ranged 

from 0.2 sec to 16.1 sec with each score derived from over 1440 observations. Correlating MT with ID 
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yields R2 = 0.911 (p<0.1). Regressing MT on ID yields the following prediction equation for 

movement time (ms): 
MT = 9.46 + 55.83 ID. 

Table 6.1 target widths and amplitudes for each ID in Swipe study 

IDs 1 2 3 4 
Target widths (in pixels) 50, 100, 200, & 400 50, 100, 200, & 400 50 & 100 50 

Target amplitudes (in pixels) 100, 200, & 400 200, 400, & 800 400 & 800 800 
 

 

 
Fig 6.6 Movement Time vs. Index of difficulty for Swipe usability test 

6.2.4.2 The Tap usability study 

As shown in table 4.2 and figure 4.7, the target width varied from 50 to 250 pixels, while target 

amplitude varied from 125 to 900 pixels, to form four levels resulting in IDs of 1 to 4 bits. Mean 

movement time ranged from 0.5 sec to 4.7 sec with each score derived from over 210 observations. 

Correlating MT with ID yields R2 = 0.985 (p<0.05). Regressing MT on ID yields the following 

prediction equation for movement time (ms): 

 MT = 52.12 + 14.62 ID.  

Table 6.2 target widths and amplitudes for each ID in Tap study 

IDs 1 2 3 4 

Target widths (in pixels) 150 - 250 50 - 250 75 & 100 50 

Target amplitudes (in pixels) 125 - 400 200 - 900 700 & 900 700 
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Fig 6.7 Movement Time vs. Index of difficulty for Tap usability test 

6.2.4.3 The Zoom usability study 

As shown in table 6.3 and figure 6.8, target width and target amplitude varied across four 

levels resulting in IDs of 1 to 4 bits. The target width varied between 50, 100, and 150 pixels, while 

target amplitude varied from 100 to 550 pixels with fixed step of 50 pixels. Mean movement time 

ranged from 0.6 sec to 12.3 sec with each score derived from over 1440 observations. Correlating MT 

with ID yields R2 = 0.971 (p<0.05). By comparing the results with the previous work of Tran et al. 

(2013), both outcomes are largely in line with slightly different prediction equation and higher 

correlating MT with ID (R2 Zoom > 0.884). Regressing MT on ID yields the following prediction 

equation for movement time (ms): 

MT = 114.86 ID - 20.45. 

Table 6.3 target widths and amplitudes for each ID in Zoom study 

IDs 1 2 3 4 
Target widths (in pixels) 100 & 150 50, 100, & 150 50 & 100 50 

Target amplitudes (in pixels) 100, 150, & 200 100, 150, 200, 250, 
300, 350, 400, & 450 

250, 300, 350, 
400, 450, & 500 550 & 500 
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Fig 6.8 Movement Time vs. Index of difficulty for Zoom usability test 

6.2.4.4 Defect in the 4thIndex of Difficulty Level on small screens 

It was noticed in the Swipe and Zoom usability tests that the 4th ID level does not fit in the 

straight line, which passes by the other 3 levels of ID. Moreover, the constant “a”, representing the 

incorporating reaction time and/or the time required executing the operator, in the prediction equation 

for movement time of the Zoom usability test is negative. However, by excluding the 4th ID level, as 

shown in figure 6.9, regressing MT on ID yields the following prediction equation for movement time 

(ms): 

• Swipe interaction:        MT = 44.78 + 34.64 ID. 

• Tap interaction:       MT = 54.38 + 13.27 ID. 

• Zoom interaction:        MT = 13.75 + 94.33 ID.  

 
Fig 6.9 MT vs. ID for Swipe, Tap, and Zoom tests with IDs of 1 to 3 and 1 to 4 bits. 
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Table 6.4 R2 values for interaction execution times 

Interaction R2 
Swipe usability test with IDs of 1 to 3 0.995 (p<0.05) 
Swipe usability test with IDs of 1 to 4 0.911 (p<0.1) 
Tap usability test with IDs of 1 to 3 0.972 (p<0.05) 
Tap usability test with IDs of 1 to 4 0.985 (p<0.05) 

Zoom usability test with IDs of 1 to 3 0.972 (p<0.05) 
Zoom usability test with IDs of 1 to 4 0.971 (p<0.05) 

 

The correlating MT with ID for the Swipe usability test yields R2 = 0.995 (p<0.01) instead of 

R2 = 0.911 (p<0.1) as shown in table 6.4, which gives a better-fit and more precise prediction equation. 

Further investigation may also reveal other defects in fitting the ID’s greater than 4 on small screens. 

As shown the poor fit of the 4th ID level is indicative that increasing in the spread distance required 

for a Zoom task of this size is too large for comfort, where the target amplitude is between 500px and 

550px (at about 98 mm) while the target width is 50px. 

This result parallels what Hoggan et al. (2013) found for pinch, where large pinch distance of 

over 90mm took significantly longer time to complete tasks and produced an increase in ergonomic 

failure rate.  Below 90mm was suggested as an optimal maximum extension distance for a dual-touch 

operation. Those both results imply taking into consideration the ranges of thumb and index fingers 

extension in any one handed pinch manipulation.  

6.3 Summary 

This chapter introduces an enhancement to KLM (Keystroke-Level Model), a quantitative 

prediction model predicting the user’s behaviour in low-level tasks. This was acomplished by 

extending it with three new operators describing interactions on mobile touchscreen devices and 

tablets. The approach is based on Fitts’ Law to identify a performance measure estimate equation for 

each of the introduced interactions. Three prototypes were developed to serve as a test environment in 

validating Fitts equations and estimating the parameters for these interactions. Three-thousand and 

ninty observations took place with a total of 51 users. Based on results, the following approximate 

movement time for KLM are suggested as shown; a short untargeted swipe will take approximately 
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0.7 sec, a half-screen sized zoom will take approximately 2.0 sec, and an icon pointing from a home 

position will take approximately 0.8 sec.  

The studies confirmed that most interactions fitted well with Fitts’ Law. On the other hand, it 

was noticed that a poor-fit for some high ID operations indicating a possible maximum comfort limit 

for these tasks. However, this enhancement in KLM, as a quantitative prediction model, extended it 

with new operators necessary to describe interactions used on mobile devices and tablets. In the next 

chapter a final conclusion is given regarding the proposed work. 
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 Conclusion and Future Work 

Human–computer Interaction (HCI) researchers always try to enhance the interaction between 

users and computers by introducing new techniques to accomplish tasks in an easy, fast, and accurate 

way. This improvement must involve understanding the mentality, ability, and need of users, in order 

to find an efficient way of interaction. In this research, counters of the EAC were the inspiration 

behind seeking enhancement in interaction held on mobile devices into two key areas of form 

completion and improved Arabic text entry. 

The objective of this research is to apply improvement in techniques that could lead to the 

achievement of tasks in an easy, fast, and accurate way. Four improvements were taken into 

consideration in sequence: (1) minimizing large forms to fit small mobile device screens and easing 

form navigation process, (2) optimizing Arabic keyboard layout to suit Arabic language users, (3) 

introducing Gesture-based Arabic writing pads that fit small mobile device screens and smart watch 

surfaces, and (4) enhancing quantitative prediction models to overcome the defect in modeling 

interactions on mobile devices. These improvements were implemented in a way that make the users 

capable of increasing the rate of achieving tasks despite their lack of experience dealing with mobile 

devices and tablets. 

The research shows an improvement of form navigation on mobile devices. The approach is 

based on computerizing forms and using Panning and Zooming as a navigation technique. However, 

there were considerable challenges in reducing the size of the paper forms to fit mobile devices and 

introducing fast navigation technique. The Arabic Language users’ mentality, ability, and need were 

the inspiring factors behind the introduction and improvement in different fields; data entry, 

quantitative prediction model, and form fill-in, in order to reach the targeted objectives. 

Furthermore, this research presents a new design of an Arabic keyboard layout for effective 

text entry on touch screen mobile phones. The approach is based on Pareto front optimization method 

in the process of optimizing layout. Three metrics were taken into consideration in parallel: (a) speed 

of text entry, (b) error correction tap interpretation clarity, and (c) familiarity to the vertically aligned 

alphabetically ordered layout. Moreover, a 12-key GBAWP interface was introduced appearing like a 
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12-key physical keypad phone, in order to maximize the text area field and minimize the number of 

keys displayed on the screen. In respect to the Arabic letters characteristics, structure, and maximizing 

speed, a 6-key GBAWP layout based on dot recognition was introduced. 

Finally, this work introduces an enhancement to KLM, a quantitative prediction model 

predicting the user’s behaviour in low-level tasks. This was acomplished by extending it with three 

new operators describing interactions on mobile touchscreen devices and tablets. The approach is 

based on Fitts’ Law to identify a performance measure estimate equation for each of the introduced 

interactions. 

In this chapter, final conclusion about the accomplished work will be illustrated. This chapter 

is divided into three sections. The first contains the summary of the proposed research results. The 

second section embodies the future work recommended to improve the used techniques. The final 

section contains the key contributions and publications. 

7.1 Summary 

The proposed work showed an improvement of form navigation on mobile devices. It was 

concluded that using Panning and Zooming technique scored 31 minutes on average completion tasks 

time. In comparison to the tabbed navigation technique, it was 4 minutes less. Eventually, using the 

Panning and Zooming technique showed indicatively lower workload, which reinforces its superiority 

on using tabbed navigation technique in form navigation.  

Moreover, it focused on introducing a new optimized Arabic mobile keyboard layout, using 

Pareto Front optimization method in the process of optimizing layout. Improvement in typing speed 

was noticed and measured in formal test sessions with Arabic Language users compared to the Apple 

Mac Arabic Keyboard layout. In addition to this initial benefit, the design of the keyboard to support 

faster and more accurate entry should lead to even higher medium and long-term speed. Users’ 

preferences were obtained in favor of the optimized layout, as key distribution is more familiar to the 

vertically aligned alphabetically ordered layout. Furthermore, comparing Arabic Language users with 

typical Western users, having a wider variation in standard keyboard layouts, some users still 

suggested that it would take more time practicing to gain more familiarity with key locations.  
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Additionally, after conducting usability tests on both the 12-key and 6-key GBAWP, it was 

found that Arabic Language users could perform text entry on mobile device using the 12-key 

GBAWP with an estimate of 2.9 words-per-minute on average. Furthermore, they also executed text 

entry tasks on a Sony SmartWatch 2 with an average of 3.2 words-per-minute. This could increase to 

an estimate of 4.5 words-per-minute on average, on the long term. While entry speeds were slow, 

users found it easy to use and it supports largely eyes free interaction. Therefore, Gesture-based 

technique enables users to perform Arabic text entry on small display mobile devices and watches 

using both the 12-key and 6-key GBAWP. 

Finally, after conducting three usability tests, which estimated the movement time for certain 

interactions, were done using Fitts’ Law. Furthermore, three equations were formed to estimate the 

movement time for three interactions; Swipe, Tap, and Zoom. The ID was the variable used to be 

submitted in any of the three equations in order to calculate the movement time. A total of 3090 

observations took place with a total of 51 users. Based on results, the following approximate 

movement times for KLM were suggested. A short untargeted swipe will take approximately 0.7 sec, a 

half-screen sized zoom will take approximately 2.0 sec, and an icon pointing from a home position 

will take approximately 0.8 sec. Poor-fit was found for some high ID operations indicating a possible 

maximum comfort limit for these tasks. However, this enhancement in KLM, as a quantitative 

prediction model, extended it with new operators necessary to describe interactions used on mobile 

devices and tablets. 

7.2 Future work 

Many improvements can be introduced in different fields; data entry, quantitative prediction 

models and form fill-in, in order to enable the user to increase the rate of achieving tasks. Some of 

them are: 

• Continue with the usability tests of the Optimized Arabic Keyboard to make sure that it could 

totally overcome the default Arabic keyboard. 

• Longer field-based trials are needed to confirm the results of 12-key and 6-key GBAWPs and 

to assess fully that they can reach their estimated time for words-per-minute. 
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• Optimize 6-key GBAWP to reach higher speed by minimizing number of swipes per letter (a 

prototype was developed but not tested on the Sony smartwatch 2, due to watch’s programing 

limitations). 

• Enhance KLM by extending it with more new operators (physical movement etc.) necessary to 

describe other interactions used on mobile devices and tablets. 

• Further investigation to reveal other defects in Fitts’ Law fitting the ID’s greater than 4 on 

small screens. 

• Conduct more experiments with different devices of different screen dimensions and/or touch 
sensitivity to investigate possible differentiations to the reported results regarding KLM 
enhancement. 

• Longer field-based trials are needed to confirm the results of form navigation and to assess 

fully whether a Panning and Zooming based tablet application could replace paper-based forms. 

• Raise EAC counters awareness to achieve form completion, to give the user the ability to know 

which parts in the form are completed and which are still not filled in. 

• Attempt to decrease the working memory in the presence of context awareness and Panning 

and Zooming navigation technique used in EAC Form Fill-in. 

7.3 Key Contributions and Publications 

In conclusion, the key contributions of this research were: 

• A new semi-optimized keyboard layout for Arabic language touchscreen mobile devices that is 

Arabic Language user focused and tested (El Batran & Dunlop, 2013) [Appendix B.1].  

• A study of working practices of counters conducting the EAC, a comparison of form 

navigation techniques (Tabbing vs. Panning and Zooming), and an improvement in form fill-in 

behavior of computerized large forms displayed on mobile devices and tablets (El Batran & 

Dunlop, 2014) [Appendix B.2].  

• An enhancement in KLM using Fitts' law to model three touchscreen actions on mobile devices 

and tablets, which includes an explanation of spread distance for a dual-touch manipulation El 

(El Batran & Dunlop, 2014) [Appendix B.3]. 

• A watch surface Gesture-based text entry method for Arabic Language users, which is suitable 

for the use on small display mobile devices (current generation smart watches). 
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Appendix A: Fitts’ Law 

Fitts's law is a model of human movement primarily used in human–computer interaction and 

ergonomics that predicts the time required to rapidly move to a target area, it is a function of the 

distance to the target and the size of the target. In other words, formal relationship that models 

speed/accuracy tradeoffs in aimed movements (Accot and Zhai, 1997). It was proposed in 1954 by 

Paul Fitts’ to model the act of pointing, either physically, touching an object with a hand or finger, or 

virtually, by pointing to an object on a computer, mobile or tablet screen using a pointing device or 

finger. 

Fitts’ law proved its superiority although Fitts only published two articles on his law (Fitts 

1954, Fitts and Peterson 1964). Yet there are hundreds of subsequent studies related to it in the 

human–computer interaction (HCI) literature. However, the first HCI application of Fitts's law was by 

Card, English, and Burr (1978), who used the index of performance (IP), defined as 1⁄b, to compare 

performance of different input devices, with the mouse coming out on top. This early work, according 

to Stuart Card's biography, "was a major factor leading to the mouse's commercial introduction by 

Xerox". 

Moreover, Fitts's law has been applied to tasks where the user must position a mouse cursor 

over an on-screen target, such as a button or other widget. Fitts's law models both point-and-click and 

drag-and-drop actions. Dragging has a lower IP associated with it, because the increased muscle 

tension makes pointing more difficult. Fitts's law has also been shown to model target-directed hand 

and head motions in a virtual environment (So and Cheung, 2002) (So et al., 1999), head-tracking 

performance (So and Griffin, 2000), and hand and foot movement times (Errol and Hoffmann, 1991). 

In this appendix, an introduction on Fitts’ Law will be illustrated. The first section will cover 

the model and its parameters. The second section will focus on the mathematical details of the model. 

The third section will give a brief derivation of the model. The fifth section will show the model’s 

success and implications. The final section will provide a brief summery. 
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A.1 Model 

The Shannon formulation is one of the various mathematical formulas of Fitts's law, which was 

proposed as a common form by Scott MacKenzie. It was named for its resemblance to the Shannon–

Hartley theorem for movement along a single dimension: 

! = ! + !   log! 1 +
2!
!

 

where: 

• T is the average time taken to complete the movement. It may also be referred also          

as MT (mean movement time). 

• a represents the incorporating reaction time and/or the time required to execute the 

operator. 

• b stands for the inherent speed of the device.  

• D is the distance from the starting point to the center of the target. It may also be 

referred also as A (amplitude of the movement). 

• W is the width of the target measured along the axis of motion. It can allow error 

tolerance in the final position, providing the final point falls within ±W⁄2 of the target's 

center. 

From the equation, the constants a and b (intercept coefficients and slope respectively) in the 

prediction equation can be determined experimentally by fitting a straight line to measured data, 

typically using linear regression. As seen, speed is inversely proportional to accuracy, where more 

time is required to acquire targets that are smaller and/or further away.  

Fitts’ law has certain parameters that needed to be taken in consideration regarding the 

formation of time prediction equation: 

• It applies only to movement in a single dimension and not to movement in two 

dimensions. 
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• It describes simple motor response of the human hand, usually implemented for a 

mouse cursor. 

• It describes untrained movements, not movements that are executed after months or 

years of practice. 

• Buttons and other GUI controls should be a reasonable size; it is relatively difficult to 

click on small ones. 

A.2 Mathematical details 

Fitts’ law is often used to build a prediction model with the movement time (MT) to complete 

point-select tasks as the dependent variable: 

! = ! + !  !",   

where 

  !" = log!
!
!
+ 1 . 

As mentioned previously, the constant b is the inherent speed of the device measured in 

time/bit, while the constant a can be thought of as incorporating reaction time and/or the time required 

to and/or the time required to execute the operator. The values of a and b changes accordingly to the 

conditions under which pointing is done, where constants a and b associated for using a stylus are 

different than the constants a and b associated for using a mouse or finger for pointing. 

The logarithm in Fitts's law is called the ID (Index of Difficulty). It is the measurement of the 

movement task’s difficulty using information theory by the metric "bits" (MacKenzie, 1995). Slightly 

different from the Shannon formulation is the original formulation by Fitts: 

  !" = log!
2!
!

. 
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The factor "2" in the logarithm was added by Fitts as an arbitrary adjustment to ensure that ID 

was greater than zero for the range of experimental conditions employed in his experiments (Fitts, 

1954). The "2" increases the index of difficulty by 1 bit for each task but has no effect on the MT-ID 

correlation or on the slope of the regression line equation (MacKenzie, 1992). The constant "1" in 

Shannon's original equation made a different from Fitts's original form, especially for low values of 

the ratio D/W. The Shannon form has the advantage that the ID is always non-negative, and has been 

shown to better-fit measured data. 

An index of performance IP can be defined to characterize how quickly pointing can be done, 

independent of the particular targets involved Zhai (2002). It measures the pointing capability of an 

input device by the metric "bits/time". IP eases the comparison of different input devices with respect 

to their pointing capability. The index of performance (IP) can be calculated by dividing a task's index 

of difficulty by the observed movement time (MacKenzie, 1992). 

A.3 Derivation 

There is an easy way to derive Fitts’ law from a simple model. The below derivation is 

proposed by Drewes in 2010. The model, often called discrete-step-model, is standard knowledge in 

Fitts’ law research, but is reinvented here, as it was not possible to find the first author who presented 

it. In this model the pointer approaches the target in steps. In each step the pointer aims to the target 

center and reaches a position within an error circle from where the next step starts. Each step 

consumes the same amount of time and brings the pointer gradually closer to the target. The process 

ends when the pointer is inside the target. See figure A.1 for an illustration. 

 
Fig A.1 Step-wise movement towards target (Drewes, 2010) 
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Let the distance to the target at each stage be Ai with the initial distance A0 = A. After each 

step, the average distance to the center of the target Ai+1 is a constant fraction λ of the distance Ai at 

the beginning of the step. 

Ai+1 = λ · Ai  

And consequently: 

Ai = λi · A 

The process stops after n steps when the distance to the target center is less than the radius R of 

the target: 

An = λn · A < R 

From this derives: 

n = log ( R / A ) / log ( λ ) 

Each step takes a fixed time τ and there will be some initial time a for the brain to get started. 

The total time t to reach the target is: 

t = a + τ · n = a + τ · log ( R / A ) / log ( λ ) 

t = a + b · log ( A / R ) 

Where b = - τ / log (λ). As the pointer gets closer to the target with each step, λ is smaller than 

1 and log (λ) is negative so b is positive.  

A.4 Summary 

The main focus behind this appendix was introducing Fitts’ law in general. It was concluded 

Fitts's law remains one of the few hard, reliable human–computer interaction predictive models that 

predict the time required to rapidly move and/or point to a target area. In next appendix publication 

done throughout the research will be introduced. 
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Appendix B: Publications 

B.1 Extended abstract for CHI workshop 2013 

An extended abstract submitted to CHI workshop 2013 - Grand challenges of text entry. 

• Pareto Optimized Arabic Mobile Keyboard Layout. 

B.2 Short paper for CSIT 2014 

A Short paper submitted to CSIT 2014 - The 6th International Conference on Computer Science and 
Information Technology. 

• Improved form navigation on mobile devices: A case study with the Egyptian Agricultural 

Survey. 

B.3 Short paper for MobileHCI 2014 

• Enhancing KLM (Keystroke-Level Model) to Fit Touch Screen Mobile Devices  

 

 
 

 
 

 
 

 
 

 



Appendix B: Publications 

99 
 

Pareto Optimized Arabic Mobile 
Keyboard Layout 

 
Abstract 
This paper presents a new design of an Arabic keyboard 
layout for effective text entry on touch screen mobile 
phones. Our approach is based on Pareto front 
optimization using three metrics: minimizing finger 
travel distance in order to maximize speed, minimizing 
neighboring key error ambiguities in order to maximize 
the quality of spell correction, and maximizing 
familiarity for less technologically literature users 
through approximate alphabetic sorting. In our short user 
studies, the new layout showed an observed improvement 
in typing speed in comparison to a common Arabic 
layout. We believe the opportunity is now ripe to 
research new optimized keyboard designs where there is 
less usage experience than QWERTY has in mainstream 
Western European languages. Pareto optimization can 
produce high quality keyboards for alphabet based 
languages that could give real benefits where there is less 
reluctance to change from Qwerty. 
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Figure 1. Pareto optimized Arabic 
keyboard layout  

Copyright is held by the author/owner(s). 
CHI’13 Text Entry Workshop, April 28, 2013, Paris, France. 
	  
 
 
 



Appendix B: Publications 
 

100 
 

Introduction 
There has been a long history of work looking at 
speed and accuracy in text entry for English [e.g. 9, 
12, 16 and 17]. For example, it has long been known 
that smaller keys can impact on accuracy [14], speed 
or both [15]. The lack of physical touchable targets 
in touch-screen smartphones accentuates the “fat 
finger” problem as users fingers have low accuracy 
on these screens [7]. Despite Arabic being the 
seventh most written language (4.23% world 
population [13]) there has been very little work on 
Arabic text entry. There is also less keyboard 
standardization than for English and,  technological 
backgrounds and are less experienced using a 
particular keyboard layout than is typical for 
English. We believe this gives a perfect opportunity 
to design a keyboard layout that would not suffer the 
uptake problems of optimized English keyboards.  

Optimizing keyboard layouts 
For English and many languages the Qwerty layout 
(and variants such as AZERTY) was adopted on 
touch screen phones through familiarity. However, 
touch keyboards have very small keys and no tactile 
feedback leading to increased error rates on touch 
screen phones than on physical keyboards [1].  
Alternatives keyboard layouts, including Dvorak [5], 
have not been successful for many reasons, but 
largely because of the high initial learning curve. Bi, 
Smith and Zhai introduced an alternative layout to 
improve Qwerty while maintaining familiarity [4]. 
They rearranged the Qwerty layout by shuffling keys 
at most one position from their original location to 
achieve a quasi-optimized Qwerty variant in the 
hope of improving acceptance and take-up by users. 

Optimization has also been extended to also attempt to 
reduce the likelihood that hitting a neighboring key will 
result in a valid dictionary word, and thus improve error 
correction and accuracy. Dunlop and Levine introduced 
the concept of badgrams – pairs of letters that when one 
is substituted for another often result in valid words 
(e.g. I and O on a QWERTY keyboard leads to words 
such as in/on, sin/son, and fir/for being differentiated by 
very small keyboard distances) [6]. 

Arabic text entry 
The common Arabic desktop keyboard layout is derived 
from the 1970s Arabic typewriter. However, there is 
less standardization than for English QWERTY with 
different keyboard variations in use on different devices 
in the same country. The Arab Standardization and 
Metrology Organization (ASMO) developed the 
standard Arabic desktop keyboard layout supporting the 
7-bit Arabic character code [2, 3]. The market however 
adopted the now widely used Microsoft PC layout, 
while Apple use an alternative for iOS and OS X. 
Figure 2 shows these three main variants of the Arabic 
layout. While not drastically different this will have an 
impact on users being more open to variations. 

There has been no research on optimizing Arabic text 
entry on mobiles. However, on desktops, Idlebi and 
Mrayati designed an efficient Arabic keyboard based on 
statistical approach [10]. Khorshid used a genetic 
algorithm to optimize the keyboard layout for typing 
speed. In the genetic algorithm, a fitness function was 
used taking into consideration key distance, finger used, 
and hand alternation targeting ten-finger typing. Their 
studies showed a 36.3% speed improvement over the 
present PC Arabic keyboard [11]. 

 

	  
Figure 2. ASMO 663, PC and Apple 

Arabic layouts  
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PARETO OPTIMIZATION OF ARABIC 
Pareto optimization is a variant of local 
neighborhood search adapted for multiple criteria 
searching [8]. We used a three-dimensional Pareto 
front optimization [6] that attempts to optimize for 
(a) speed of text entry, (b) error correction and (c) 
familiarity.  

The development of a keyboard requires analysis of 
a large representative text corpus – no such common 
corpus exists for Arabic. We analyzed 2004 issues of 
the Arabic newsletter Watan containing articles from 
fields such as culture, economy, news, religion, and 
sports. The corpus contains 126,913 unique words 
(34,009,607 occurrences). We calculated bigram and 
neighbor ambiguity (badgrams) information. The 
bigram analysis resulted in a weight for each two-
letter Arabic bigram – we recorded occurrence 
information between the 36 characters and between 
each character and space to give 37*37 pairs. The 
top four key pair probabilities were نن_ = 0.071_ = يي ,

0.060=  اا, _0.068 , and 0.054=  للاا  (where _ represents 
space).  Compared to English there were very few 
badgrams for Arabic. We believe that this is a result 
of the reduced role of vowels in written Arabic. The 
most common badgrams were “ مماا ” and “یيم”, however 
we only saw 32 badgrams in total (compared to 325 
for English), where “ مماا ” represents only 0.003% of 
the bigram occurrences compared to 0.017% for 
“AE” in English. A function that measured similarity 
between novel layouts and Qwerty was included by 
Dunlop and Levine as a third metric metric to 
attempt to minimize deviation from Qwerty. Given 
the lower levels of computer and keyboard literacy 
in Country together with the variation in desktop 
layouts, we felt that optimizing to a standard 
keyboard was less suitable. As such, our third metric  

was familiarity with a column-major alphabetic 
keyboard, with the alphabet running from right to left. 

An initial set of randomly generated keyboards formed 
an initial set of potential solutions. This set then went 
through 2000 iterations in which each keyboard had a 
small number of keys swapped. If the new keyboard 
was better on ANY metric than an existing solution, it 
was added to the set; if it was at least as good on ALL 
metrics then it dominates the existing one, which is 
discarded. This leads to a Pareto front – a set of 
dominant solutions on a 3D surface. At the end of the 
process we normalized the space so that each dimension 
ranged from 0 to 1 and took a good compromise design 
from the center of the Pareto front.  

INITIAL USER EVALUATION 
We evaluated our optimized layout against the Apple 
standard with HTC Desire smartphones (Fig 1,3). We 
recruited 20 participants aged 20-40 of whom 60% were 
familiar with touch screens and 85% were PC users. In 
a balanced study, users were asked to enter 3 phrases as 
practice then 20 test phrases on each keyboard. Phrases 
were translations from the English standard MacKenzie 
and Soukoreff set [18].  

RESULTS 
The results in figure 4 show that users typed at an 
estimated 24.4 words-per-minute on average using the 
Pareto optimized Arabic keyboard layout, but 19.6 wpm 
using the Apple layout1. Despite the relatively short 
study this shows an indicative speed advantage for our 
keyboard (2- tailed paired t-test, n=20, p<0.1) over 
________________ 
1 Our system failed to record wpm data from some phones in our study. 
Times for these were estimated based on server logs and estimates 
crosschecked where full data was available. 

Figure 4. Average estimated 

words-per-minute 

Figure 3. Apple Arabic keyboard 
layout  
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the standard keyboard for entry by educated users in 
Country. Furthermore, the majority of users preferred 
our layout due primarily to the near alphabetic key 
distribution. However, some users noted that more 
time is needed to practice the optimized keyboard 
layout.  We now plan to extend the study to groups 
with different IT usage experience and education 
levels. 

DISCUSSION 
This paper has introduced a new three-dimensionally 
optimized Arabic mobile keyboard layout. We 
observed an indicative speed improvement over a 
standard layout in a short study. Users appreciated the 
near-alphabetic layout. This is in strong contrast to 
study in English where considerable practice is 
needed to overcome the heritage of Qwerty. 

Based on this work we believe there is a strong 
opportunity to introduce new optimized keyboards for 
alphabetical laguages in less technically developed 
nations (e.g. Arabic and Swahili or even English, 
French, and Portuguese in Africa and Middle East).   
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Abstract— in this paper a study was done regarding 
improving form control and navigation on mobile devices. An 
observational study of census counters for the Egyptian 
Agricultural Survey was conducted. This country-wide survey is 
currently conducted by professional counters using large (100x35 
cm double sided) complex paper forms that require manual 
transcription. Computerization would be beneficial in terms of 
accuracy and duplication of effort. However there are 
considerable challenges in reducing the size of the forms to fit 
mobile devices. Furthermore counters typically have low 
technological experience. Based on our observations we 
developed two prototypes: one using traditional form tabs, the 
other pan-and-zooming. Results from initial user tests showed the 
pan-and-zoom interface was both faster and had a lower 
perceived effort. 

Keywords— Mobile Devices; HCI (Human Computer 
Interaction); Usability; LTBU (Low Technological Background 
User); small-screen devices navigation and Form display. 

I.  INTRODUCTION 
A form is a document (printed or electronic) with spaces in 

which to write or enter data. Forms are used to increase the 
uniformity and efficiency of handling routine tasks, to ensure 
that tasks are completed and that information can be found 
when needed [4]. The quality of digital form interfaces depends 
primarily upon three factors. One of these factors is the clarity 
of the design and visual representation of the screens [3]. In the 
bulk of current form design practice the element, layout, and 
functionality of user interfaces is intended for casual users who 
access the forms on an irregular basis and prefer simple 
interfaces rather than more powerful alternatives. This has led 
to the adoption of basic point and click interaction model in 
which navigation and control was accomplished by selecting 
user interface elements with a pointing device such as a mouse 
[1]. Today, new techniques are widely used to interact with 
touchscreen interfaces, particularly on mobile devices, yet the 
interaction style for forms has not been re-evaluated.  

Completing complex forms is both time consuming and 
error prone with users making incorrect selections and 
spending considerable time navigating the form. Traditional 
scrollbars were used in navigating through large forms so that 
the large information space could fit on screen. Igarashi and 
Hinckley [5] have identified that one of the major two 
limitations with using traditional interaction is that users have 

to shift their focus between the document and the scrollbar. 
They suggest that this may increase the operational time and 
may cause a significant attentional overhead. Furthermore, in 
large documents small scrollbar movements can cause a large 
movement of the document that disorients users. 

To counter this visual blurring and to reduce physical 
navigational workload, there were two techniques. First, the 
tabbing technique, which converts the form into several 
separate parts. Second, pan and zoom interfaces, typical of 
image viewing applications, view the whole document as one 
navigable screen [2, 6]. Successive zooming in and out by the 
user gradually expands and contracts the form contents while 
panning changes the section of the form to be displayed. 
Zooming and panning technique used for document and map 
navigation tasks have proved to achieve user’s acceptance and 
improvement in the overall performance and are now 
widespread on tablets and phones. However, their use in 
complex form filling has yet to be fully explored. 

Here we initially introduce a case study of the Egyptian 
Agricultural Census. We then describe an observational study 
conducted with census counters and two versions of a tablet 
based solution, one using traditional tabbing and one pan-and-
zoom. Finally, we discuss user studies conducted to assess two 
iPad interfaces for navigating and completing the complex 
forms. Finally, we conclude and discuss future work. 

 
Fig. 1. View of the entire form using zoom technique.  
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II.  CASE STUDY 
The Egyptian Agricultural Census is a comprehensive 

inventory of the national economic structure of agriculture in a 
specific time period (one agricultural year). It is done under the 
supervision of the state by collecting accurate information 
about agricultural production units (agricultural holdings such 
as number of agricultural holdings, areas, uses, geographically 
characterization and categorization, status of irrigation and 
drainage, number of livestock and poultry, agricultural 
machinery and farmers), the features and characteristics of such 
possessions. It is also used to measure the direction and rates of 
change compared to the results of previous censuses and 
current statistics, in order to discern characteristics and 
development of the economic structure in the agricultural 
sector. The most important purpose of implementing 
agricultural census is to rely on its results as a basis for 
planning by economists, social researchers and also draw a 
final picture that describes the relationship between different 
economic sectors. In next section, we introduce an 
observational study conducted on the Egyptian Agricultural 
Census. 

III.  THE OBSERVATIONAL STUDY 
The EAC (Egyptian Agricultural Census) deals with an 

inventory of all possessions located in villages and cities of the 
Nile Valley, as well as possessions located in desert 
governorates and land belonging to the reconstruction 
organization. 

     
Fig. 2. Numbering buildings and census interviews while completing paper 
forms.  

As shown in figure 2, the census is conducted through 
personal interviews done by counters with the holders in their 
place of residence after numbering the buildings to identify 
them easily in villages and small towns. However, because in 
big cities numbering is difficult, the counters follow the 
method of inventory by walking through agricultural basins 
and taking landholders addresses in order to reach them.  

The EAC is conducted through two phases. First phase, a 
sketch is set at the beginning for all villages and towns 
nationwide, the buildings are then numbered and a visit is 
made to all the holders to collect initial data. Second phase, a 
visit is made to all the families to collect more precise data 
including personal information and other detailed data 
regarding their possession. All gathered data are written in 
paper forms. The preliminary stage of the EAC contains four 
steps; issuing executive decisions to conduct the EAC, 
preparing the census budget and adopting it, choosing the field 
supervisors, engineers, agents and participants in the 

governorates and training workers on the agricultural census. A 
trial census is done in order to measure the efficiency of the 
forms used, revise the method of data collection, identify 
problems and obstacles and observe the response of holders to 
questions on the census. This trial census was held in three 
selected governorates representing the regions of Upper and 
Lower Egypt.  

There are certain obligatory rules that must be adhered to 
by counters and the head-of-counters. First, the allocation of 
one head-of-counters to each five counters. Second, taking into 
account the equitable distribution among counters and heads-
of-counters in areas of operation. Third, the revision of the 
numbering that took place in the first phase, buildings not 
mentioned should be documented by writing a notice. Forth, 
buildings must be visited in the same order of the records and 
all the holders contained in the records must be visited. Finally, 
the heads-of-counters accept records after being reviewed 
precisely.  

The following flow chart illustrates how the process of the 
census and data collection is done. 

 

 
Fig. 3. Egyptian Agricultural Census Process Flow.  

In our observations and discussions with senior counters, 
we found most counters could be categorized as Low 
Technological Background users (LTB). LTB users are 
categorized as having low to zero levels of experience dealing 
with computerized devices such as PCs, laptops, tablets, smart-
phones and/or cell phones. For reference, the percentage of 
computer users was approximately 23% in Egypt in July 2010. 
This percentage increased to 42.78% in July 2013 [7]. 

IV.  COMPUTERIZATION CHALLENGE 
Although, there is technological progress in information-

gathering systems and data collection, the Egyptian Ministry of 
Agriculture and Land Reclamation still collects the data 
manually on large (double sided 100x35 cm) paper forms 
contained in books of 40 forms, as in the right image in figure 
1. The Ministry then transfers the books physically to the 
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headquarters, and then enters the data to a database using “Data 
Entry” employees separate from the counters – primarily 
because of the low technical background typical of the 
counters. This double entry has been identified as affecting the 
accuracy of data and increasing the cost of the census. 
However, introducing more computerized data collection using 
electronic forms leads to interesting questions such as: What is 
the attitude of the LTB users towards computerizing the forms? 
How will the change of size from large forms to tablets affect 
interaction? In particular will the need to navigate through the 
form affect external working memory of the counters? Do pan 
and zoom techniques better support their working memory than 
traditional tabbing interfaces? Will computerizing the process 
help in decreasing the overall time, increasing its accuracy and 
decreasing the cost? 

V.  INITIAL COMPARATIVE USER STUDIES 
Our observational studies highlighted the complexity of 

forms completed, their physical size and the low technical 
background of census counters. Here, we compare using two 
interfaces, one based on tabbing and one on zooming, for 
completing forms on tablets to assess which interface style is 
easier to use for the counters given their experience. 

      A.  System Description 
The system is aimed to minimize the time, which the 

counter takes interviewing the holder. With our system, 
counters initially answer a number of yes/no questions to 
generate the form elements required. Afterwards, the counter 
begins filling and submitting the form. 

     B.  System Design 
The form is designed using HTML5 and JavaScript to be 

displayed on an Apple iPad 2 using the standard Safari browser 
(9.7” screen with resolution of 1024x768). It is based on two 
techniques: selecting and typing. The form is composed of a 
combination of checkboxes and textboxes and was designed to 
closely resemble the original paper version in structure and 
individual components 

 
Fig. 4. 28 (yes/no) questions.  

The paper Agricultural Census form is divided into 5 main 
sections containing 666 fields to be filled in with data (not all 
fields are mandatory). Section 1 contains 16 mandatory 
questions regarding the holder’s information; Section 2, data 
regarding the possession of land (420 fields); Section 3 data 
about livestock and animals (100 fields); Section 4 concerns 
Agricultural machinery (63 fields); and the final section, 
information regarding labor used (57 fields). These five 
sections are reflected in the electronic form. The first section is 
visible to enter in the data. The other four are optional and 
initially hidden, set to visible according to the selection of their 
checkbox on the overview section.  

First, the counter enters the essential data of the holder’s 
personal information. The counter asks the holder 28 yes/no 
questions as shown in figure 4; these questions generate the 
entire form. There are four main questions representing the 
remaining four main sections of the form. Each main question 
contains a number of sub questions, which represents a set of 
required information to be given by the holder and filled by the 
user (counter). This part represents the first section of the form. 
Subsequently, the counter begins filling in the form. Later, 
after editing, updating fields and making sure that all fields are 
completed and correct, the user submits the form. 

     C.  User Evaluation 
We conducted a usability study in which we compared the 

zoom and tab interfaces in terms of task-completion times and 
workload. We recruited 20 counters. Reflecting the typical 
counter our subjects were all male, aged 25-42 and bachelors 
graduates. Their fields of study varied greatly, but not 
computer science; none were familiar with tablets or extensive 
PC users, but all were familiar with the original paper version 
of the Agricultural Census.  

 As mentioned before, we are comparing two navigation 
techniques; the pan and zoom technique against the traditional 
tabbing technique. In the pan and zoom technique, the method 
of zooming in on the screen image includes sliding your thumb 
and index finger outward across the screen.  

This method allows the user to zoom in on specific areas in 
the form for edit or update. Restoring the entire form requires 
from the user to slide his thumb and index finger inward across 
the screen in a pinching motion. This enables the user to view 
the whole form in one screen. In the traditional tabbing 
technique, the form is viewed and divided into multi-tabs view. 
Each section is displayed in a separate tab. This method allows 
the user to view each section separately.  

Figures 1 and 5 show the two interface versions. Users 
were asked to complete two scenario forms on each device. 
The dependent variables were task-completion time (in 
seconds), interface preference, and subjective workload. The 
workload was measured with the NASA Task Load Index 
questionnaire (NASATLX). Tasks and order of presentation of 
interfaces were randomly balanced. 
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Fig. 5. View of the form using tabbing technique.  

     D.  Results 
Our results show that it took our participants about 31 

minutes on average to complete the tasks using zooming 
technique, but 35 minutes on average using tabbing technique. 
This showed significantly lower task completion time (p<0.05, 
paired t-test, df = 19) as shown in figure 6. Moreover, NASA 
TLX forms were completed after each interface and showed 
indicatively lower workload for effort (p<0.1) using the 
zooming technique. 

Finally, users were asked at the end of the study “Did you 
prefer the computerized version of the form, which navigation 
technique do you prefer and why”. All participants were 
satisfied using the electronic form. Fourteen of the twenty users 
favored the zooming technique. Their comments were clear 
regarding the ability of viewing the whole form rather than 
hopping through tabs. A couple of them suggested adding the 
ability of the user to determine the uncompleted sections or 
fields in the form. 

While the results show that the zooming technique was 
significantly faster than tabbing and we attempted to have 
representative users, the results are based on a relatively small 
sample of participants doing artificial tasks in a laboratory 
setting. Longer field-based trials are needed to confirm the 
results and to assess fully whether a zooming based tablet 
application could improve on paper-based forms. 

VI.  CONCLUSION 
We have presented a study of professional form use 

through an observational study of census counters. We then 
developed two tablet-based forms to replace paper forms. We 
introduced a new approach to improve form navigation for 
form filling on mobile devices using pan-and-zoom techniques. 

 

  
Fig. 6. Time and NASA TLX results.  

Using zooming gave users the ability to view the whole form 
rather than hopping through tabs. In our controlled user tests 
with users of lower technological background than traditional 
tablet users, we showed significantly reduced input time and 
perceived effort with pan-and zoom interaction.  

Further user studies are now planned to accurately model 
form filling process using zooming techniques, in particular to 
assess the use of zoomed out views in assessing form-
completion status and use of zoomed out views as external 
working memory. 
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ABSTRACT 
This short paper introduces an enhancement to the 
Keystroke-Level Model (KLM) by extending it with three 
new operators to describe interactions on mobile 
touchscreen devices. Based on Fitts Law we modelled a 
performance measure estimate equation for each common 
touch screen interactions. Three prototypes were developed 
to serve as a test environment in which to validate Fitts 
equations and estimate the parameters for these interactions. 
A total of 3090 observations were made with a total of 51 
users. While the studies confirmed each interaction fitted 
well to Fitts Law for most interaction, it was noticed that 
Fitts Law does not fit well for interactions with an Index of 
Difficulty exceeding 4 bits, highlighting a possible 
maximum comfortable stretch. Based on results, the 
following approximate movement time for KLM are 
suggested: 70 ms for a short untargeted swipe, 200 ms for a 
half-screen sized zoom, and 80 ms for an icon pointing 
from a home position. These results could be used by 
developers of mobile phone and tablet applications to 
describe tasks as a sequence of the operators used and 
predict user interaction times prior to creating prototypes. 

AUTHOR KEYWORDS 
Quantitative prediction model; KLM (Keystroke-Level 
Model); GOMS; Fitts Law; touch screen interaction. 

ACM CLASSIFICATION KEYWORDS 
H.5.2 User Interfaces: Input devices and strategies. 

GENERAL TERMS 
 Design; Measurement. 

INTRODUCTION 
Quantitative prediction models, such as GOMS (Goals, 
Operators, Methods, and Selection rules) and KLM 
(Keystroke-Level Model) have been shown to be useful 
tools in modeling interaction and in deciding between, and 

filtering out designs (e.g. [1]). KLM is used to estimate the 
time taken to complete simple data input tasks by 
combining small timing constants. On physical-key devices 
it has been widely used to predict task times (e.g. text entry 
for Korean Language [10], Text Entry Speed on 12-button 
Phone Keypads [7] etc.).  

Many enhancements to KLM have been proposed in the 
literature to be able to evaluate different techniques. 
However, there has been little research that improves user 
behavior modeling techniques to estimate the time taken to 
achieve common interactions performed on mobile 
touchscreen devices. In this paper we reported our work on 
enhancing KLM by extending it with three new operators. 
In this short paper we report our investigation into 
modeling three interactions performed on mobile devices 
and tablets using KLM. Our model is based on suggested 
times derived from Fitts Law modelling and analysis of 
how well these interactions fit Fitts Law. We believe this 
gives an enhancement for developers of smart-phone and 
tablet applications to predict user interaction times without 
even needing to create prototypes. 

KLM-GOMS MODEL 
KLM was introduced as part of the wider GOMS-related 
work of Card, Moran, and Newell into modelling and 
quantitatively predicting the skilled and error free 
performance of users interacting with a text editor [1]. 
KLM is usually applied in situations that require minimal 
focussed, scripted interaction with a computer interface or 
software design.  

  
Figure 1 Zoom usability test scenario 
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Assuming error-free expert user interaction, KLM proved to 
yield precise estimated results, which is a drawback of 
similar models [10]. Moreover, when the estimated 
experimental studies results were considerably different 
observed values, the estimated difference between two 
examined designs still proved to be a strong basis for 
making design choices. 

KLM FOR PHONE USERS 
Dunlop and Crossan [2] used KLM operator sequences to 
compare three different text entry methods for traditional 
physical-key phones (multitap, predictive, and word 
completion). How and Kan [5] defined 13 operators that 
directly map onto the phone keyboard interface according 
to the different input methods. They used videotaped 
sessions with a small set of subjects and a message-typing 
task in order to gather new times for these operators. Mori 
et al. [9] studied how the time values of the original KLM 
operators apply to mobile phone menu navigation and 
concluded that the operator values fit well and suggested 
only minor modifications.  

KLM FOR MOBILE DEVICE INTERACTIONS 
Until recently the main use of mobile phones was making 
phone calls, sending text messages, and sometimes basic 
calendar tasks. Phones used very small displays and small 
physical buttons as the prime interface. With modern 
smartphones these buttons have been replaced with larger 
touch screens. Moreover, other uses are becoming more 
popular such as taking pictures, surfing the web, social 
networking, and playing music, videos and games. This 
adds several new interaction styles that have not yet been 
treated by interaction models.  

There has been surprisingly little published research that 
includes new interaction techniques such as swipe, zoom, or 
tabbing, for mobiles and tablets. Luo and John followed-up 
by Teo and John showed that the method could be soundly 
applied to handheld devices using stylus-based interfaces 
[6, 11]. They also presented a tool to automatically generate 
KLM models from storyboard descriptions and stated that 
they aimed to apply such research to novel interfaces such 
as speech and gestures. Holleis et al. adopted and defined a 
set of operators to give study-based estimates of 
performance measures. They assumed that developers of 
mobile applications could then describe tasks as a sequence 
of the operators they added and predict user interaction 
times without needing to create prototypes [4]. Closest to 
our work, as part of their research on user performance of 
multi-touch gestures on mobile devices, Tran et al. 
conducted an exploratory study of pinch and spread 
gestures on smartphones and tablets [12]. Their spread 
gesture on tablet is equivalent to our Zoom interaction.  

CONCEPT AND METHODOLOGY OF PROTOTYPES 
The development of three prototypes came in the process of 
enhancing KLM. These prototypes reflected three common 
interactions used widely on tablets and mobile devices: 

1. Swipe interaction, which enables the user to do different 
swipe gestures (short or long) to achieve certain tasks 
(e.g. scrolling through a document etc.). 

2. Tap interaction, which estimates the user’s tapping 
response time in comparison to his/her finger travel 
distance from a home position (e.g. to estimate typing 
speed or pointing to a target etc.).  

3. Zoom interaction, which is used to cause text or other 
graphics in a window or frame to appear larger on the 
screen (e.g. zooming, panning a map/photo etc.). 

The three prototypes were built to estimate the time taken to 
conduct these interactions. Fitts Law [3] as a model is used 
to analyze the general case of time taken estimation for 
these interactions. It is primarily used in human–computer 
interaction and ergonomics that predicts the time required 
to rapidly move to a target area, it is a function of the 
distance to the target and the size of the target.  Of various 
formulations, the Shannon formulation is widely used [9] 
and is defined as:  

T = a + b * ID, where  !" =    !"#!
!
!
+ 1 . 

Where 

• T is the average time taken to complete the movement. It 
may also be referred to as MT (mean movement time), 

• a represents the incorporating reaction time and/or the 
time required to execute the operator, 

• b represents for the inherent speed of the device, 

• D is the distance from start to the center of the target and  

• W is the width of the target.  

 

 
Figure 2. Swipe (left), Tap (right), & Zoom prototypes. 

 



Appendix B: Publications 
 

109 
 

The constant "1" in the formula made a difference from 
Fitts's original form, especially for low values of the ratio 
D/W, given the advantage that the ID is always non-
negative.Here we are investigating the ability to model the 
finger touch input for different target sizes and movement 
distances. 

DEVELOPING AND TESTING THE PROTOTYPES 
The prototypes were developed in HTML5 / JavaScript and 
displayed on an iPad Mini (a 7" multi-touch tablet), as 
shown in figure 2. Three usability studies were conducted 
to extract completion times (in seconds), for each 
interaction we tested a range of target size and distances 
from the starting point to the center of the target (in pixels).  
PARTICIPANTS 
30 volunteers took part in the Swipe and Zoom usability 
tests. The participants were aged 22-39, 35% female / 65% 
male, bachelor graduates, and 70% were familiar with touch 
screens and 85% were PC users. 21 users conducted the 
Tap tests, with a similar demographic profile. 
TASKS 
For Swipe task, forty eight successive attempts were made. 
As shown in figure 3, users dragged down a box placed on 
the top center towards the destination box placed on the 
bottom center of a web page using the participant’s index 
finger. The participant stopped and removed his/her index 
finger from the screen when the destination box color 
turned to light green. This was recorded as a successive 
attempt. 

The Tap task, ten successive attempts were made. As 
shown in figure 4, users were asked to place their index 
finger on the “Home Position” box near the page's bottom. 
The participant searched for the “Running Target” box and 
placed his/her index finger on this target box. He/she 
removed his/her index finger from the “Running Target” 
box when its color turned to light green. Afterwards, the 
participant placed his/her index finger back on the “Home 
Position” box. This was recorded as a successive attempt.  
For Zoom task, twenty six successive attempts were made. 
As shown in figure 1, each by placing the thumb finger of 
the participant on the box number 1 and his/her index finger 
on the box number 2. The participant zoomed till he/she 

exceeded both the left bottom and the right top corners of 
the border box, within the target box. He/she stopped and 
removed his/her thumb and index fingers from the screen 
when the border box color turned to light green. This was 
recorded as a successive attempt.  

RESULTS 
For Swipe task, as shown in figure 5, target width and 
target amplitude varied across four levels resulting in IDs of 
1 to 4 bits. The target width varied from 50 to 400 pixels, 
while target amplitude varied from 100 to 800 pixels. Mean 
movement time ranged from 20 ms to 1610 ms with each 
score derived from over 1440 observations. While the Tap 
task, the target width varied from 50 to 250 pixels, while 
target amplitude varied from 125 to 900 pixels. Mean 
movement time ranged from 50 ms to 470 ms with each 
score derived from over 210 observations. For the Zoom 
task, the target width varied from 50 to 150 pixels, while 
target amplitude varied from 100 to 550 pixels (fixed step 
of 50 pixels). Mean movement time ranged from 60 ms to 
1230 ms with each score derived from over 1440 
observations. Regressing MT on ID yields the following 
prediction equation for movement time (ms): 

Swipe interaction:    MT = 9.46 + 55.83 ID. 
Tap interaction:     MT = 52.12 + 14.62 ID. 
Zoom interaction:    MT = 114.86 ID - 20.45. 
By comparing the results with the previous work of Tran et 
al. [12], both outcomes are largely in line with slightly 
different prediction equation and higher correlating MT 
with ID (R2 Zoom > 0.884). 

POOR FIT FOR ID=4 
It was noticed in the Swipe and Zoom usability tests that 
the 4th ID level does not fit in the straight line, which 
passes by the other 3 levels of ID. Moreover, the constant 
“a”, representing the incorporating reaction time and/or the 
time required executing the operator, in the prediction 
equation for movement time of the Zoom usability test is 
negative. By excluding ID=4, as shown in figure 5, 
regressing MT on ID yields the following predictions (ms): 

• Swipe interaction:    MT = 44.78 + 34.64 ID. 

   
Figure 3 Swipe usability test scenario 

 

  
Figure 4 Tap usability test scenario 
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• Tap interaction:     MT = 54.38 + 13.27 ID. 

• Zoom interaction:    MT = 13.75 + 94.33 ID.  

The correlating MT with ID for the Swipe test yields R2 = 
0.995 (p<0.01) instead of R2 = 0.911 (p<0.1) (see table 2), 
which gives a better-fit and more precise prediction. 

We believe that the poor fit of ID=4 is indicative that 
increasing in the spread distance required for a Zoom task 
of this size is too large for comfort, where the target 
amplitude is between 500px and 550px (about 98 mm) 
while the target width is 50px. This result parallels what 
Hoggan et al. found for pinch, where large pinch distance of 
over 90mm took significantly longer time to complete tasks 
and produced an increase in ergonomic failure rate [13]. 
CONCLUSION 
The objective of this paper is to enhance KLM, as a 
quantitative prediction model, by extending it with new 
operators necessary to describe interactions used on mobile 
devices and tablets. It was determined, after conducting 
three usability tests that estimating the movement time for 
certain interactions is done using Fitts Law. Furthermore, 
three equations were formed to estimate the movement time 
for three interactions; Swipe, Tap, and Zoom. The ID is the 
variable used to be submitted in any of the three equations 

in order to calculate the movement time. Based on results, 
the following approximate movement time for KLM are 
suggested as shown; a short untargeted swipe will take 
approximately 70 ms, a half-screen sized zoom will take 
approximately 200 ms, and an icon pointing from a home 
position will take approximately 80 ms. We also identified 
a poor-fit for some high ID operations indicating a possible 
maximum comfort limit for these tasks. 
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Figure 5 Movement Time vs. Index of difficulty for Swipe, Tap, 
and Zoom tests with IDs of 1 to 3 and 1 to 4 bits. 

Interaction Time 
Short untargeted swipe, ½ width of 5" screen 70 ms 
½ screen zoom, 100*100 to 350*350 px image  200 ms 

Icon pointing of size 200*200 px at a distance of 
700 px from home position 

80 ms 

 

Table 1. Suggested approximate movement time for KLM 
Interaction R2 

Swipe usability test with IDs of 1 to 3 0.995 (p<0.05) 

Swipe usability test with IDs of 1 to 4 0.911 (p<0.1) 

Tap usability test with IDs of 1 to 3 0.972 (p<0.05) 

Tap usability test with IDs of 1 to 4 0.985 (p<0.05) 

Zoom usability test with IDs of 1 to 3 0.972 (p<0.05) 

Zoom usability test with IDs of 1 to 4 0.971 (p<0.05) 
 

Table 2. R2 values for interaction execution times. 
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Appendix C: Questionnaire  

Participant number: 
Task: 
Date: 
 
Mental Demand: 
How mentally demanding was the task? 

 
Very Low Mental Demand           Very High Mental Demand      
  
Physical Demand: 
How physically demanding was the task? 

 
Very Low Physical Demand           Very High Physical Demand       
 
Temporal Demand: 
How hurried or rushed was the pace of the task? 

 
Very Low Temporal Demand           Very High Temporal Demand       
 
Performance: 
How successful were you in accomplishing what you were asked to do? 

 
Perfect performance           Failure performance   
 
Effort: 
How hard did you have to work to accomplish your level of performance? 

 
Very Low effort                   Very High effort      
 
Frustration: 
How insecure, discouraged, irritated, stressed, and annoyed were you? 

 
Very Low frustration                         Very High frustration     
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:ررقمم االمشترركك   

 
: االمھهمة  

 
:  تارریيخ  

 
:  نيذذھھھهاال ططلببماال  

 ؟ نیياذذھھھه جھهدداا االمھهمة ھھھهذذهه ةتططلب كیيفف

 
جدداا اعالیي                                   جدداا قلیيلا  

 
: ططلبب االبددنيماال  

 ؟ بددنیيا جھهدداا االمھهمة ھھھهذذهه ةتططلب كیيفف

 
جدداا اعالیي                                   جدداا قلیيلا  

 
:  االمططلبب االززماني  

؟ االمھهمة ھھھهذذهه ووتیيررةة كانتت كیيفف  

 
جدداا ةعسرریي                                  جدداا بططئ  

 
: االأددااء  
 ؟ تفعلل أأنن منكك ططلبب ما إإنجازز في نجاححاالل مددىى

 
اممتماا                                إإخفاقق  

 
: جھهدداال  

 ؟ االأددااء منن مستووىىاالل ااھھھهذذ تحقیيقق على للعملل االصعووبھه كیيفف كانتت

 
جدداا اعالیي                                   جدداا قلیيلا  

 
: االإحباطط  

؟جج انززعاالا وو  غضبب ٬، بالإحباطط ٬، ةرركك بعددمم االررااحووما مدديي شع

 
جدداا اعالیي                                   جدداا قلیيلا  
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Appendix D: Translated Arabic Phrases 

No. English Sentence Arabic Sentence 

1 The	  proprietor	  was	  unavailable. كانن	 متوفر  	غیير  	االمالك  
2 Would	  you	  like	  to	  come	  to	  my	  house. ھھھهل	 بیيتي  	إإلى  	تأتي  	أأنن  	تریيد  
3 Can	  I	  skate	  with	  sister	  today. أأستطیيع	 االیيومم  	شقیيقتھه  	مع  	تزلج  
4 This	  camera	  takes	  nice	  photographs. تلتقطط االكامیيرراا	 لططیيفة  	صوورراا  
5 Dolphins	  leap	  high	  out	  of	  the	  water. االدلافیين	 االماء  	من  	عالیيا  	قفزةة  
6 This	  leather	  jacket	  is	  too	  warm. ھھھهذهه	 جداا  	دداافئة  	االجلدیية  	االسترةة  
7 There	  are	  winners	  and	  losers. ھھھهناكك	 ووخاسروونن  	رراابحونن  
8 Bring	  the	  offenders	  to	  justice. تقدیيم	 للعداالة  	االجناةة  
9 Questioning	  the	  wisdom	  of	  the	  courts. االتشكیيك	 االمحكمھه  	االحكمة  	في  
10 The	  punishment	  should	  fit	  the	  crime. یينبغي	 االجریيمة  	مع  	تتناسب  	اانن  	للعقوبة  
11 Watch	  out	  for	  low	  flying	  objects. ااحترسس	 االطائرةة  	االأجسامم  	اانخفاضض  	من  
12 We	  must	  redouble	  our	  efforts. یيجب	 جھهوددنا  	نضاعف  	أأنن  	علیينا  
13 Great	  disturbance	  in	  the	  force. ااضطراابب	 االقوةة  	في  	كبیير  
14 A	  feeling	  of	  complete	  exasperation. شعورر	 االكامل  	االغضب  
15 Win	  first	  prize	  in	  the	  contest. االفوزز	 االمسابقة  	في  	االأوولى  	بالجائزةة  
16 There	  will	  be	  some	  fog	  tonight. ووسوفف	 االلیيلة  	االضبابب  	بعض  	ھھھهناكك  	یيكونن  
17 Soon	  we	  will	  return	  from	  the	  city. قریيبا	 االمدیينة  	من  	نعودد  	سوفف  
18 A	  glance	  in	  the	  right	  direction. لمحة	 االصحیيح  	االاتجاهه  	في  
19 You	  should	  visit	  to	  a	  doctor. یيجب	 ططبیيب  	ززیياررةة  	علیيك  
20 A	  good	  stimulus	  deserves	  a	  good	  response. حافز	 جیيدةة  	ااستجابة  	یيستحق  	جیيد  
21 The	  world	  is	  a	  stage. االعالم	 االمسرحح  	ھھھهو  
22 A	  most	  ridiculous	  thing. شيء	 سخیيف  
23 You	  will	  loose	  your	  voice. سوفف	 صوتك  	تفقد  
24 Parking	  tickets	  can	  be	  challenged. یيمكن	 االسیياررااتت  	ووقوفف  	تذااكر  	علي  	االتغلب  
25 We	  run	  the	  risk	  of	  failure. نحن	 االفشل  	لخطر  	نتعرضض  
26 The	  biggest	  hamburger	  I	  have	  ever	  seen. أأكبر	 حیياتي  	في  	ررأأیيتھه  	ھھھهمبرغر  
27 Give	  me	  one	  spoonful	  of	  coffee. ااعطیيني	 االقھهوةة  	من  	ملعقة  
28 Rejection	  letters	  are	  discouraging. خطاباتت	 مشجعة  	غیير  	االرفض  
29 Everybody	  looses	  in	  custody	  battles. یيفقد	 االحضانة  	معارركك  	في  	االجمیيع  
30 Only	  an	  idiot	  would	  lie	  in	  court. فقط	 االمحكمة  	في  	یيكذبب  	االذيي  	االاحمق  
31 The	  generation	  gap	  gets	  wider. االفجوةة	 أأووسع  	ااصبح  	االأجیيالل  	بیين  
32 Physics	  and	  chemistry	  are	  hard. االفیيزیياء	 صعبھه  	مةاارر  	وواالكیيمیياء  
33 The	  dog	  will	  bite	  you. ووسوفف	 االكلب  	یيعضك  
34 A	  psychiatrist	  will	  help	  you. 	  	 یيساعدكك  	سوفف  	نفسي  	ططبیيب  
35 Just	  what	  the	  doctor	  ordered. مجردد	 االطبیيب  	أأمر  	ما  
36 The	  king	  sends	  you	  to	  the	  tower. االملك	 االبرجج  	االي  	یيرسلك  
37 Fine	  but	  only	  in	  moderation. جیيد	 االاعتداالل  	في  	فقط  	وولكن  
38 The	  library	  is	  closed	  today. االمكتبة	 االیيومم  	مغلاقھه  
39 Everyone	  wants	  to	  win	  the	  lottery. االجمیيع	 االیيانصیيب  	في  	االفوزز  	یيریيد  
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No. English Sentence Arabic Sentence 

40 Completely	  sold	  out	  of	  that. بیيعت	 بالكامل  
41 That	  land	  is	  owned	  by	  the	  government. ووتعودد	 االحكومة  	االي  	االأررااضي  	ھھھهذهه  	ملكیية  
42 The	  daring	  young	  man. ھھھهذاا	 االجرئئ  	االشابب  
43 February	  has	  an	  extra	  day. فبراایير	 ااضافیيا  	یيوما  	بھه  
44 Teaching	  services	  will	  help. ووسوفف	 االتدرریيس  	خدماتت  	تساعد  
45 The	  fire	  raged	  for	  an	  entire	  month. ااندلعت	 كامل  	شھهر  	لمدةة  	االنارر  
46 Time	  to	  go	  shopping. حانن	 للتسوقق  	للذھھھهابب  	االوقت  
47 This	  mission	  statement	  is	  baloney. 

Unable to translate 48 The	  picket	  line	  gives	  me	  the	  chills. 
49 Starlight	  and	  dewdrop. 
50 Buckle	  up	  for	  safety. 
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