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Chapter 1 - Introduction
Motivation


Most mobile phones now offer a facility to send and receive text messages over the phone network.  Although this can be considered to be a useful feature of mobile phones, allowing messages to be stored and read at a later date, it is most often underused, if it is used at all. It is felt that one of the main reasons that this is so is the method of text entry that has currently been chosen by all manufacturers of the phones. In this system, each key is mapped to more than one character, and repeated key presses may be required to type a single character.  To type two characters consecutively that are mapped to the one key, there must be a delay between two of the key presses to allow the cursor to move on.  It is a very slow, cumbersome, method which seems to be prone to error.  This project introduces a new method for text entry on a mobile phone, which hopes to improve on the current system, and allow messages to be entered faster, and more accurately. 

The system proposed is dictionary based, which exploits a potentially large memory capacity in modern phones, and takes advantage of the fact that most users will often enter words that are valid English words.  The idea behind the method is to use the phone’s dictionary to suggest likely words to the user as they are typing in a word.  Each character typed would allow the dictionary to suggest a more accurate word.  Although more than one character will be mapped to a key, only a single key press is required to type a character.

Goals


The first aim of the project was therefore to investigate this proposed system, and design a useful text entry method around it, which tried to avoid the failings of the system currently in use.  The next aim was to implement and evaluate the method as a computer simulation of a phone.

An important factor of the project that had to be taken into account from the start of the design stage was the fact that the interface of the mobile phone has already been set.  It would not be possible to make any significant changes to the interface, so one necessity of the proposed system was that must make use of the interface provided to build a mobile phone text entry emulator.  For the system to work effectively, it was also important that the suggesting of a word appears to be instantaneous, so a ‘fast’ algorithm was required.  

In order to evaluate the system properly, two aims had to be met.  Firstly, it would be necessary to build up a dictionary that would be large enough such that it contains the most likely words to be entered by a user.  This dictionary could then be used as the basis of the new system that would try to suggest words for the user as the user typed keys.  If the dictionary was too small, or did not contain words that were realistically likely to be used, an accurate representation of the model could not be built up.  To provide a baseline for experiments, it would also be necessary to design and implement a “control” phone.  This would need to use the same interface as the proposed text entry method, while precisely modelling the text entry system currently in use in mobile phones.  This would eventually provide the comparison, from which the success of the method would be decided.  As this is a research project, the evaluation would be an integral part of the project.

Background


To my knowledge, there is only one mobile phone text entry method that has ever been used before.  This is the method available on every mobile phone that offers the service.  Each key on the keypad has been mapped to several characters.  It is based on delays such that to get the second character that a key has been mapped to, the key is pressed twice without a pause.  However, if there is a pause between the key presses, the first character, which the key has been mapped to, is typed twice.  

This is the method’s main weakness.  By using a system that involves delays, the whole process of text entry is slowed down.  It can be frustrating for a user to wait for the cursor to move to the next position if they wish to type two characters in a row which are mapped to the same key.  Unintentional pauses can also lead to errors as the cursor may move on before the user gets a chance to enter the character they wish.  Another factor that affects the performance of the system is the fact that it might require several key presses to type a single character.  This leads to a slow and very frustrating method for entering text.


There is however one main strength to the system.  It allows the user a lot of flexibility in what the user types. Any combination of characters available can be typed, and therefore, the method can be used to send any message for a given character set.

Preliminaries


To understand this project fully, some experience of using the traditional text entry method on a mobile phone would be helpful.  This method will however be described later in the report, and the interface used is almost identical to phones in every day use.  As the project is written mainly in Java, some familiarity with object oriented languages will also be useful, in particular, familiarity with the concepts of “Classes” and “Methods”.

Outline

The report will cover the following topics in more detail:

Chapter 2 will concentrate on the design of the interface of the system.  It will incorporate aspects of both the dictionary-based as well as the traditional delay-based text entry method, discussing in detail the design features of both.  It will also include design details of the phone emulator.

Chapter 3 will outline evaluation methods that used to determine the success of the experimental method.  It will also contain the results obtained from this evaluation, and a brief conclusion drawn from these results.

Chapter 4 will concentrate on the implementation details and testing of the system.  This will include particularly the interface implementation, and the construction, design, and implementation of the dictionary to be used in the system. Details such as design and implementation of the data structures involved will be considered, as well as the details of the construction of the list of words that were stored in the dictionary.  A summary of the testing carried out on the system is also provided.

Chapter 5 will draw conclusions from the results obtained from the evaluation.  It will then go on to describe improvements which could be made to the system if time allowed, as well as outlining methods with which these improvements could be implemented.
Chapter 2 – The Interface Design

2.1 Introducing the Delay-Based Method

2.1.1 The Basic Interface Features


This is the method of text entry that is currently used in mobile phones. Figure 2.1 below shows a typical interface for a mobile phone.
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Figure 2.1
Each of the numeric keys are mapped to several characters, as shown below:

1 – SPACE  1



6 – M  N O 6
2 – A B C 2




7 – P Q R S 7

3 – D E F 3




8 – T U V 8

4 – G H I 4




9 – W X Y Z 9

5 – J K L 5




0 – . , - ? ’
2.1.2 Typing a Character 

Each of the characters can be reached by repeatedly pressing the corresponding key on the keypad without a pause.  So to type the letter ‘C’, for example, the user would press the 2 key on the keypad three times without a pause.  The letters in the message would cycle through ‘A’, ‘B’ and then to ‘C’.  The characters also cycle round so if the 2 key is typed five times, the character in the message will cycle through ‘A’, ‘B’, ‘C’, ‘2’, ‘A’.

2.1.3 Typing a String of Characters


A string of characters is entered in the expected way by pressing a key repeatedly until the correct character appears in the message, then entering the next character in the same way.  However, if consecutive characters to be entered correspond to the same key on the keypad, a problem arises.  How would the system tell the difference between the user entering the character ‘C’, and the string “AB” which would both be the keystrokes 2 - 2 - 2.  This method gets round this problem by introducing a delay - usually about a second - to allow the cursor to move on. So to enter the string “AB” the user would type 2 - pause - 2 - 2.  During the pause, the cursor would move, and a new character could be entered.

2.2 Introducing the Dictionary-Based Method

2.2.1 The Basic Features of the Interface


The dictionary-based method was designed to avoid as much as possible failings in the delay based method.  The two main failings identified were:

· Repeated Key Presses
It might be necessary to type a key a number of times before reaching the character required.  When typing the character ‘S’, for example, the user must type the key four times.

· Delay in the Cursor moving on
As illustrated above when talking about the delay-based method, a problem arises when two consecutive characters typed correspond to the same key on the keypad.  This is solved by introducing a delay while the cursor moves on, which can be particularly frustrating for expert users of the system.
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Figure 2.2


As the buttons in the interface for a mobile phone are reasonably consistent through all makes of phone, it was also important to stay very close to this physical interface.  Each of the phones contained keys 0 to 9, *, #, CLR, LEFT and RIGHT arrows, and YES and NO buttons. The interface used is shown in figure 2.2 above.


Like the delay-based method, several characters are mapped to the one numeric key on the keypad as shown:

1 – SPACE




6 – M N O
2 – A B C




7 – P Q R S

3 – D E F




8 – T U V

4 – G H I




9 – W X Y Z

5 – J K L




0 – . , ? - ’

This method incorporates extra features into the interface.  The Yes and No keys are used, and the display now uses three lines:

Line 1


The line containing the users message that has the following properties.  

· It is scrollable if the message is longer than the display can hold and will always show the rightmost characters in the message up to the maximum number of characters per line.

· Characters can be appended to and deleted from the end of the string only.

Line 2


This line contains the currently suggested word for the keys typed.  For example, if the user types 6 - 3 - 3, the word 'OFF' might be shown on line 2 while the message line will show the string "633".  When the user now enters a space or punctuation mark, which will indicate the end of a word, the word on the second line will replace the numbers on the message line.  The No key will change the value of the second line, cycling through all the words in the dictionary that can be made from the current word of the message.  For example 6 - 3 - 3 can represent "OFF" or "ODD" only, and pressing the No key will cycle between these two values.  The words are ordered so that the most common word in normal usage is suggested initially, then the next, until the word suggested is the initially suggested word again.


When there is no suggested word, no word in the dictionary exists which can be made from the current word in the message line.  In this situation, pressing No, or typing a space or punctuation mark will have no effect.

Line 3 

Line 3 contains the most popular word of which the current word being typed is a prefix.  An example might be the word "THE".  As soon as the user types the 8 key, "The" might appear on line three, as the 8 key can map to the character 'T' (as well 'U' and 'V'), and "THE" is the most common word which starts with the string "T", "U", or "V" is the word "THE".  When typing in a word, line 3 will always contain the most occurring word in the dictionary of which the current word is a prefix.  Pressing Yes when Line 3 contains a word will replace the current word on the message line with the word on Line 3.  Therefore, to type the word "THE", the user could also type 8 - Yes.  The Yes key is used for word completion.  If the user wishes the word “UNDER” however, they enter 8 (“THE” is suggested), then 6 (“TO” is suggested), then 3.  The system now suggests “UNDER”, and the word can be entered in the message line by pressing Yes.

2.2.2 Entering a Word that is in the Dictionary


Only words that are in the dictionary can be entered.  To enter a word, press each of the numeric keys on the keypad once only for each of the characters in the word.  So to type 'YES', the user would press 9-3-7.  The numbers appear on the message line, and the word 'YES' might appear on the suggested word line.  If not the No key would be pressed until "YES" showed on the suggested word line.  When a space or a punctuation mark is entered, the word will appear on the message line.  Word completion can also be used as describe in the section headed Line 3.
2.2.3 Punctuation


The 0 key maps to all the punctuation marks in the system.  It works in the same way as the delay-based system's keys, where the punctuation marks can be cycled through by repeatedly pressing 0.  To enter more than one punctuation mark on the message line consecutively, a delay must be left between the characters for the cursor to move on.
2.3 Design Choices
2.3.1 Design Choices for the Dictionary System


 As the interface was set by the current mobile phone systems, its layout was relatively constrained, along with the buttons that could be used.  There were few design choices to be made for the traditional delay-based system, as this was a control from which evaluation results could be measured, and therefore had to copy the current system.  However, choices needed to be made for the dictionary-based system.  There had to be methods to perform word selection (changing the suggested word), and word completion, as well as handling punctuation.

2.3.1.1 Word Selection


Word selection involved the system suggesting a word, and the user accepting it by entering a SPACE or punctuation mark, or telling the system it is the incorrect word, by pressing No.  The space or punctuation marks signify the word is correct as the user has now entered the next character in the message, by entering a character that finishes a word (an apostrophised word can be treated as two separate words separated by an apostrophe).  The No key seemed the natural choices, as the user is telling the system that is making a suggestion, that the suggested word is not right.  Another alternative would be to have a reject selection key, and an accept suggestion key.  The QOC diagram below illustrates the reasons for the choice.
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Figure 2.3
2.3.1.2 Word Completion

Pressing the Yes button performs the Word Completion operation.  This was chosen as the user is again confirming a suggestion and saying that the word on Line 3 is the correct word.  

2.3.1.3 Punctuation

The punctuation is performed similarly to the delay-based system.  Another alternative would have been to select a punctuation mark by typing the 0 key, and then typing the No key until the correct punctuation mark was chosen.  However, this method would not decrease the number of keystrokes, and the user would have to press two separate buttons.  In the delay-based method, the user would press the 0 key until the correct punctuation mark was selected.  This does not involve shifting keys, and can therefore been done more quickly, and with less effort.  The QOC diagram (figure) illustrates this.
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Figure 2.4

2.3.2 Interface Layout Design Choices


The layout of the phone emulator had to be based around the mobile phones in use today.  As stated before, this is a reasonably consistent interface for all makes of phone.  The important decisions made on the layout of the phone were:

· The phone should firstly be recognisable as a mobile phone to a user.  It was important therefore to make sure that the buttons and display look realistic, and are recognisable by a user.

· The layout of the mobile phone text entry emulator must be the same for both the dictionary-based system and the delay-based system.  As the evaluation would be comparing the performances of the two systems, any changes in the layout may affect the results.


Although the layout of the phones is largely set, different makes of phone may have slightly different buttons.  It was therefore decided that not all the buttons were necessary to evaluate the systems.  For example, most phones contain left and right arrow buttons that shift between modes.  As the phone emulator is only being used for text entry, these extra buttons were not necessary, and did not have to be included.  The buttons chosen were 


The numeric keys (0 to 9), the hash key, and the star key that are available on all phones. 


The Clear key, and the Yes and No keys that are common to many mobile phones.


The display had to contain a cursor.  This was especially important in the delay-based system that often requires the user to pause before entering the next key.  It was decided that a flashing cursor would be the most desirable choice, as it is more noticeable than a solid cursor.

Chapter 3 - Evaluation
3.1 Method


To evaluate the dictionary-system, it had to be compared with the delay-based system.  The method of evaluation chosen was to carry out the same set of tasks with both systems, and compare the results.

3.1.1 Trial Runs


The evaluation was conducted first by two users in trial runs of the system.  The results from these trial runs were not included in the evaluation results.  Through these trial runs, both the system and the evaluation were refined.

3.1.2 The Evaluation


A collection of people were each asked to try one of the systems, making sure they understood how it works. Three test sentences were then typed in to ensure that the test subject had fully understood the method.  Once they were comfortable with the system, three more sentences were provided for evaluation purposes. A regular user of a mobile phone text entry system who had no knowledge of the project wrote the evaluation sentences.   After finishing the task, the user was asked to fill in a workload evaluation form, which can be seen in Appendix D.  The user then swapped to the other system, and carried out the same task, filling in a similar workload evaluation form.  A short questionnaire was then provided.

3.2 Measurements Taken


Two measurements were taken during the evaluation:

· The total number of key presses for each sentences

· The time taken to type in each sentence

The workload evaluation form contains a series of scales capturing different aspects of how the user viewed the tasks.  The aspects measured were:

· Mental Demand

· Physical Demand

· Time Pressure

· Effort Expended

· Frustration Experienced

· Annoyance Experienced

Each user filled in a workload evaluation form for each system, so the results could be compared.

The questionnaire contained three questions designed to discover the user's thoughts on the dictionary system.  The questions asked were:

1. Which system did you prefer using?

2. What were the good points of the dictionary system, over the delay-based system?

3. What did you not like or think could be improved about the dictionary system?

To minimise bias, before the user started the evaluation, a coin was flipped to decide which system they were to use first.  The numbers were evened at the end so that an equal number of people had used each system first.

3.3 Results


In total, 14 users took part in the evaluation - 7 users trying the delay-based system first and 7 users trying the dictionary-based system first.  The users were all between the ages of 16 and 24, and all had used a mobile phone before.  Few had used the text entry facility before.  The two systems were run on a PC 166 running Solaris. Each user filled in a questionnaire and two workload evaluation forms, and the results were gathered.  The results will now be discussed in the following sections.

3.3.1 Measurements of the Tasks

Key Presses

In every case the number of key presses the user needed to complete each of the sentences was significantly less using the dictionary system. The results for the number of key presses needed to complete each sentence on average are shown below:

	Sentence
	Delay-Based System (key presses)
	Dictionary-Based System

(key presses)

	1
	82
	48

	2
	71
	37

	3
	91
	53



There is a significant difference in each case that was expected as the dictionary system avoids the need for repeated key presses to type a character.

Time Taken to Enter the Sentences

The times taken to type each sentence for each of the 14 users are shown below:

Sentence 1 – “HI. IN THE PUB NOW – WHERE ARE YOU?”

	User
	Delay-Based System (sec)
	Dictionary-Based System (sec)
	difference (sec)

	1
	76
	104
	-28

	2
	69
	66
	3

	3
	102
	75
	27

	4
	72
	64
	6

	5
	75
	75
	0

	6
	105
	97
	8

	7
	70
	69
	1

	8
	63
	56
	9

	9
	69
	67
	2

	10
	77
	70
	7

	11
	84
	83
	1

	12
	74
	65
	9

	13
	75
	70
	5

	14
	79
	68
	11

	mean
	78
	73
	4. 35



It can be seen that the majority of times for a user using the dictionary-based method are faster than their times for using the delay-based method.  There are cases where this is not the case, or the difference is not substantial.  It can be seen that user 1 took significantly longer using the dictionary-based method.  This was due to the fact that they confused the functions of the SPACE and Yes buttons, which happened more than a few times throughout the evaluation.  This might indicate a problem with the interface, in particular, the naming of the Yes button.

Performing a t test

A t test is performed to find if the results are significant.  In this case a two tailed correlated pairs t test is used with 13 degrees of freedom.  The formula for the t test is:
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For sentence 1, t = 1.464 (< 2.160).  Therefore the results are not significant for sentence 1.

Sentence 2 – “AT THE SUPERMARKET.  NEED ANYTHING?”

	User
	Delay-Based System (sec)
	Dictionary-Based System (sec)
	difference (sec)

	1
	69
	78
	-9

	2
	60
	62
	-2

	3
	87
	60
	27

	4
	74
	46
	28

	5
	63
	49
	14

	6
	67
	67
	0

	7
	60
	40
	20

	8
	65
	51
	14

	9
	63
	56
	7

	10
	67
	53
	14

	11
	66
	60
	6

	12
	75
	57
	17

	13
	65
	49
	16

	14
	70
	61
	9

	mean
	68
	56
	11.5



Sentence 2 contained two long words that could be completed quickly using the Yes button in the dictionary system.  The times for the dictionary system are significantly lower in almost all cases.

Performing a t test


The formula used is shown in figure 4.1 above.

For sentence 2, t = 4.106 (> 2.160).  Therefore the results are significant for sentence 2.

Sentence 3 – “MISSED THE TRAIN SO I’LL GET THE NEXT ONE.”

	User
	Delay-Based System (sec)
	Dictionary-Based System (sec)
	difference (sec)

	1
	74
	77
	-3

	2
	71
	62
	9

	3
	95
	85
	10

	4
	84
	68
	16

	5
	77
	75
	2

	6
	75
	101
	-26

	7
	69
	71
	-2

	8
	65
	57
	8

	9
	72
	79
	-7

	10
	77
	72
	5

	11
	78
	75
	3

	12
	82
	73
	9

	13
	79
	75
	4

	14
	80
	80
	0

	mean
	77
	75
	2



The majority of times in this sentence are similar.  User 6 again in this case confused Yes and SPACE.

Performing a t test

For sentence 3, t = 0.7135 (< 2.160).  Therefore the results are not significant for sentence 3.

The Workload Evaluation

The mean values for each of the workload elements were calculated, and the results plotted in the bar chart shown below (figure 3.1):

[image: image8.png]HmLL0 THERS Text Message

| KeyPad

03260
662580
08880





 Figure 3.1


Taking each entry in the workload evaluation sheet separately:

Mental Demand

In general, the users felt that the dictionary system required a higher mental demand than the delay system.  This was expected, as the dictionary system requires the user to remember more, and observe more on the display.  There are three lines for the user to understand, as well as a Yes key and No that the delay-based system does not use.  The 1 key and 0 keys behave differently to the rest of the numeric keys in the dictionary system where as in the delay-based system, all numeric keys act similarly.

Physical Demand

In almost every case, the users felt that the physical demands of the delay-based system were greater.  This was expected as the dictionary system considerably reduces the number of key presses required (as shown above), by avoiding repeated key presses to type a character and by offering a complete word facility.

Time Pressure

There was a mixed response on the time pressure scale.  In general however, there was no substantial difference recorded in the time pressure each user felt when using the system.

Effort Expended

There was a considerably mixed response for the effort expended.  Five users felt that the effort expended using the dictionary system was considerable higher than the delay based system, and register a difference of just less than half of the scale.  There were four users, however, who felt that the delay-based system expended considerably more effort.  People who felt the dictionary-based system needed a much greater amount of effort also ranked the mental demand for the dictionary system as high.  This could be an indication that the effort expended was mostly in mental demand.

Frustration Experienced

The frustration level for the delay-based systems was considerably higher.  There were in particular 4 users who ranked the delay-based system as having a substantially higher frustration level by at least half of the scale.  There was a higher frustration level expected for the delay-based system as it was felt that delays waiting for the cursor to move on would contribute to this.

Annoyance Level

Similarly to the frustration level, the annoyance level was higher for the delay-based system.  The 4 users that felt the frustration level of the delay-based system was high also felt the annoyance level was significantly greater.  Again, it was expected that the pauses for the cursor to move on would contribute to this annoyance level.

The Questionnaire
Q1.  Which system did you prefer using?


From the first question, it could be ascertained that most people preferred to use the dictionary-based system.  11 of the 14 people involved in the evaluation stated that they preferred the dictionary-based system.

Q2.  What were the good points of the dictionary system over the delay system?


A number of answers were given for the second question.  Almost all of the users mentioned the word completion as a useful function.  Most people mentioned as well the fact that delays in cursor movement were mostly avoided, and that only a single key stroke was required to type a character.  It was suggested that this speeds up the typing process and reduces the workload particularly for longer words.

Q3.  What did you not like or think could be improved about the dictionary system?

There were a large number of suggestions for this section, some of which have been incorporated into the Further Developments section.  Some of the suggestions made were:

· Several users suggested using a larger dictionary of words (8000 for the evaluation).

· One user felt that 3 lines of information on the display was a lot of information to take in.

· A few users mentioned that there would need to be a method of entering words that were not in the dictionary.

· Some users also suggested a system that could learn words.

· It was also suggested that the Yes/No buttons could be given better names like Accept and Reject.

· Two users mentioned the fact that numbers could not be entered using this system

· One user suggested including a feature that could cycle through the complete words like the ‘suggest word’ function when typing in a word.

3.4 Observations and Conclusions


One important observation from the experiment comes from the use of an emulator instead of using a real mobile phone.  When using the delay based model, users may have to click the same key three or even four times to type a single character.  This is time consuming on a mobile phone, but with the emulator, users could double and triple click very quickly.  This is one case where a mouse is better suited than the mobile phone.  As the number of repeated key presses was substantially higher with the delay based system, this may have led to this system producing quicker times than it might have on a real mobile phone.


During the evaluation, users tended to need more help in understanding the dictionary system.  This is to be expected as there are more keys - some with special functions - that must be remembered.  The Yes key was used instead of the SPACE or punctuation on a few occasions, which led to the user typing the wrong word.  This might point to a problem with the interface, and in particular with the naming of the complete word key.


It can be seen from the results that the number of key presses needed for the dictionary-based system was substantially lower.  This could be important on a real phone, as clicking (especially double and triple clicking) is a slower process.


Although the mean times for typing the three sentences were lower in each case with the dictionary based system, only the second sentence provided significant differences in time.  


The workload analysis showed that the users found the dictionary system more mentally demanding.  However, there were substantial differences in the annoyance and frustration levels, where users said that the dictionary system had a lower annoyance and frustration level.  This could have contributed to the fact that most users preferred using it to the delay-based system.
Chapter 4 – Implementation and Testing

4.1 Implementing the Interface

The mobile phone emulator was implemented using Java SwingSet.  Java SwingSet was chosen, as it is an object oriented-language that provides a large library of code that would be useful for the project.  SwingSet allows a lot of flexibility with the interface, and can provide a more realistic looking interface with less work than Java's 'awt' package.


The interface was made up of a display, and a collection of buttons all contained within the phone.  The phone could therefore be implemented easily as a frame, containing a panel for the display, and a panel for the buttons.

4.1.1 The Display


Initially the display was implemented simply as a text area, which was edited by pressing the buttons.  It was very soon obvious, however, that a text area was not sufficient as a lot of control would be needed over the positioning of the cursor, and Java’s 'awt' TextArea did not provide this.  There also needed to be control of the scrolling of text.  


The display was therefore built up by extending the Canvas object.  Using a Canvas, any changes to the display can be drawn through method calls.  The Display could now be split into two different objects that can be treated separately.  These are the Cursor, and the Display Canvas.

4.1.2 The Cursor


The cursor was implemented as a separate object from the canvas, and as stated in the Design Choices section, a flashing cursor was desirable.  As this meant that the cursor would constantly be changing state (ON or OFF State), the object needed to be implemented as an extension to the Java Thread object.  In this manner, the cursor could change state independently of the rest of the system.  When creating the cursor an initial starting position as well as a canvas onto which the cursor is to be drawn is required.  By running the thread (using the start() method), the flashing cursor is drawn on the given canvas at the initial (X,Y) position.  The system also must provide a moveCursor(int x, int y) method for the cursor that moves the cursor from the current position to the new (X, Y).

4.1.3 The Display Canvas


The DisplayCanvas object is an extension of the Canvas object in Java’s ‘awt’ package that consists of an area of the screen that can be drawn onto. This was useful for the display as Strings could easily be drawn at different positions on the canvas, and by choosing three separate starting positions for the strings to be drawn, three lines of text could be shown on the canvas.  These correspond to the message line in both the delay-based and dictionary-based systems, and the Suggested and Completed word lines in the dictionary system.
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Figure 4.1

 When creating a DisplayCanvas object, a height and width are provided, from which the number of characters that can fit on a line of text can be calculated.  For the purposes of this project, the second and third lines were easily implemented as they were only required to write a single word on each line. The user could not append or delete characters from these lines, and no cursor was required.  The first line presented more of a challenge, as the system had to provide functionality to:

· Append a character to the end of the line

· Delete a character from the end of the line

· Set the value of the line with a string of text

· Allow for a string longer than the number of characters that can fit on a line such that the string scrolls, and the rightmost characters are always shown

· Allow a cursor (the FlashingCursor object described above) to be moved a single character space to the left or right when required

4.1.3.1 Appending to, Deleting from, and Setting the value of the line


Setting the value of the line can perform both the Append and Delete operations.  This involves filling the area in which the line is drawn with the background colour of the canvas, calculating the rightmost characters of the message that can be fitted onto the line, and drawing each character separately, one character space apart.  The character spacing is important, as the cursor must be moved left or right by the correct amount so that it is always only moved by a whole number of character spaces at a time.  It might seem wasteful to redraw the entire line, but only the characters on screen are redrawn, and a mobile phone display cannot hold many characters on one line.
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A complication arose when the context the DisplayCanvas was to be used in was considered.  Taking for an example the delay-based text entry system using a display 10 characters wide. 

Figure 4.2

If the message line of the display contains 9 characters as shown in 1 in figure 4.2 above, then the user types a key, a situation occurs (shown in 2) where 10 characters appear on the message line.  When the cursor moves on however, only 9 characters are shown on the message line although the message string is longer than this.  This required the DisplayCanvas object to provide methods to display a short Line 1 string, and a long Line 1 string (longer by one character at the maximum length).


From the above example, it can also be seen that moving the cursor on might require either changing the cursor position on the display or moving the line left or line.

4.1.4 Implementing the Button Panel


The Buttons were implemented using SwingSet’s JButton object.  This allows images to be placed on the buttons, which can give more realistic looking mobile phone buttons.

Figure 4.3
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The images for the buttons are JPEG images and their background is the same colour as the background of the frame. This gives impression of oval buttons.  SwingSet allows a different image to be used for when the button is pressed
This effect can be used to emphasise to the user when a button has been depressed.

The ButtonPanel object extends the ‘awt’ Panel object, and its constructor has the form:
 

ButtonPanel(ActionListener)

The action listener is added to each of the buttons in the panel, and this action listener controls the function of each of the buttons.  By using a GridBagLayout, the buttons can be placed in a regular grid of five rows with three buttons in each row.

4.1.5 The Action Listeners


Two different action listeners were implemented for this project (along with similar key event handlers); one for the dictionary-based system, and one for the delay-based system.  Each of these will be described separately.

4.1.5.1 The Delay-Based System Action Listener


The Action Listener TradButtonActionListener implemented the ActionListener class in the Java’s awt.event package.  This meant that the actionPerformed method had to be implemented.  In this instance, this method is called every time there is a button click in the button panel and had to be able to determine which button was pressed, and handle the event accordingly.  Button presses lead to changes in the display, so the listener must be able to refer to a DisplayCanvas object.  This is passed into a local static variable through the constructor that has the form:



TradButtonActionListener(DisplayCanvas)

The actionPerformed method firstly identifies the button pressed by the user using the getActionCommand method and handles the button press accordingly.  The only buttons being used in this system are the numeric keys (0 - 9), and the CLEAR key.  Each of the numeric keys perform similar functions adding a character to the display, or changing the character at the current cursor position.  In this situation, an alphabetic character can be treated the same as a punctuation character or a space.  The time between each of these key presses must be calculated as the system must react differently if there is a delay between key presses.  

This is implemented using a separate object, which extends the Thread object.  On creating this object, a local variable is set to ‘false’.  When the Thread is started, it sleeps for a time interval before setting the local variable to true, and changing the cursor position. When a key press occurs, the Thread is stopped, and the value of the local Boolean is checked to see if the interval of time through which the thread is slept has finished.  If the thread is not stopped before the cursor position is changed, the user has not pressed a key for the duration of the delay, and the cursor movement is the correct action.


When any key press other than the Clear key occurs, four situations have to be handled:

1. If the key pressed is the same as the previous key pressed and the Timer Thread is null or has finished - The first character corresponding to the key press is appended to the end of the message string.

2. If the key pressed is the same as the previous key pressed, and the timer thread has not finished - The last character of the message string is replaced by the next character corresponding to the same key.

3. If the key pressed is different from the previous key pressed, and the timer thread has finished - The first character corresponding to the key is appended to the end of the message string.

4. If the key pressed is different from the previous key pressed, and the timer thread has not finished - The first character corresponding to the key is appended to the end of the message string, and the cursor position is moved on to the right.

  
After each of these key presses, a new timer thread is created and started.  The Clear key, however, functions differently and in some ways is easier to implement.  When the user presses clear, the timer thread is stopped, and the last character from the message string is deleted.  If the timer thread is finished, the cursor position is moved to the left.

4.1.5.2 The Dictionary-Based System Action Listener


The class implementing the Action Listener for the dictionary-based text entry system is called the ButtonPanelActionListener. The constructor has the form:


      ButtonPanelActionListener(DisplayCanvas, Dictionary)

 Where the parameters are the mobile phone display, and the dictionary from which the words are obtained.  The buttons used by the dictionary-based method perform different functions, and can be separated into:

· The keys 2 to 9, which represent the alphabetic characters.

· The 1 key, which represents the Space character and accepts the suggested word.

· The 0 key, which can be repeatedly pressed to cycle through punctuation, and accepts the suggested word.

· The Yes key, which performs the word completion operation.

· The No key which rejects a suggested word.

4.1.5.2.1 Implementing the 2 to 9 keys


These keys append the numeric value of the key onto the end of the text string, moving the cursor position one to the right, and changing the position in the dictionary through the appendChar() method of the dictionary class (See chapter 3).  The timer thread, similar to the timer thread in the delay-based system, must be checked to see if it is finished, and if not, the cursor must again be moved to the right.  It must be noted that, unlike the delay-based system, the only key press that will create a timer thread is the 0 key.  Once the dictionary position has been changed, new string values of the suggested word, and complete word lines are calculated using the Dictionary class’s getBestWord(), and getCompleteWord() methods (See chapter 3).

4.1.5.2.2 Implementing the 1 key


The 1 key must first move the cursor to the right if the timer thread has not finished. There are then different conditions that the key must handle.  

· If the last character of the message string is a space or punctuation mark(The user is not in the middle of typing a word) and the message line is empty, a space is appended to the message line and the cursor is moved to the right.

· If the last character of the string is an alphabetic character, and there is a suggested word on the suggested word line, the suggested word replaces the current word on the message line.  A space is then appended at the end of the word, and the cursor position is moved to the right.  The dictionary position is then reset, and lines 2 and 3 are recalculated (both will have the string value “”).

· If the last character of the message string is alphabetic and no suggested word exists, then no action is performed, as no word in the dictionary can be made from the current word on the message line.

4.1.5.2.3 Implementing the 0 key

If the timer thread has finished or is null, the 0 key behaves as the 1 key.  However, if the timer thread has not finished, the last character of the message string is punctuation, and this character is replaced by the next punctuation mark corresponding to the 0 key.  In every case, the 0 key will also create and start a new timer thread.

4.1.5.2.4 Implementing the No key


If the suggested word line is empty, this key will perform no action.  When the second line contains a string, it is set with the next highest occurring word at the current dictionary position, using the getNextWord() method.

4.1.5.2.5 Implementing the Yes Key

The Yes key performs word completion, and will perform no action if the complete word line is empty.  If this line contains a word, the current word the user is typing is replaced by the complete word.  The difference in length between the current word and the complete word is then calculated, and the cursor position is moved right by this value. The correct node of the dictionary is then calculated by the findNode() method (See chapter 3).

4.1.5.2.6 Implementing the Clear key


The Clear key removes the rightmost character from the message line.  Again, the cursor must be moved right if the timer thread has not finished.  There are two conditions that affect what functions the clear key must perform.

· If an alphabetic character is the character deleted, the last character is deleted from the message line and the deleteChar() method is called changing the dictionary position.  The suggested and completed word lines are then updated, and the cursor is moved left.

· If a space or punctuation mark is deleted, the last character is deleted from the message line and the current word needs to be calculated.  If the cursor is now at the end of a word, the dictionary position is calculated using the findNode() method.

4.2 The Dictionary
4.2.1 Constructing the Dictionary
4.2.1.1 Building the data for the dictionary

The dictionary needed to contain:


1. A large collection of valid English words and their morphological variants, which are in common use.


2. A value for the number of occurrences of each word in the dictionary, from which decisions on the choice of word to suggest could be made.


There was available online, a large collection of Herald articles stretching over the period of a year.  As the articles were from the ‘Glasgow Herald’, it is likely that most words extracted from these articles would be valid English words, and would provide a large collection of commonly used words.  If the number of articles used were sufficient this would provide a very large base of words.  There were over 56,000 Herald articles available, in html format.


To extract the words from the articles, a C program was written.  For each of the articles, this program reads words separated by SPACE, punctuation marks or numbers, and also ignoring any HTML tags which would be surrounded by ‘<’ and ‘>’.  

Each word found would need to be stored in a data structure.

4.2.1.2 Data Structures


As a large number of words were involved, a space efficient structure was required.  The structure shown in figure 4.4 below is a trie with frequency counter for each word.
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figure 4.4

As shown in the diagram, savings in space are made since each word that shares a common prefix will share nodes for that prefix.  For example ‘THE’ and ‘THIS’ both share the ‘T’ and ‘H’ nodes.  The operations available on this structure are:


CreateTrie - This creates a new, empty trie.


AddToTrie - Given a String, this will add the string to the structure.  This means that if the String is not already in the structure, the String is added with a frequency count of 1.  If the String is already added to the structure, increment the frequency count by 1.  


PrintTrie - This prints every word in the trie with a frequency count of greater than zero.  The formatting of the output is important as discussed below.

By reading in a collection of words from 20,000 Herald articles, using the PrintTrie function, the contents of the trie were written to a file using a Unix redirect command to direct the output.  This file was the dictionary of words and how often they occurred in the selected articles.  Using this method a file of 82,000 words was built up.

4.2.1.3 Sorting the words


By sorting the list of words by occurrence, different sizes of dictionary could be used by copying the top lines in the dictionary file into a new file. The trie as described before has a very low space complexity, but it would be necessary to sort the list of words in order of the number of occurrences. Using a trie, sorting would require repeatedly traversing the trie, picking out the largest occurring value.  Particularly for a large trie, this is a very inefficient method.  The sorting was therefore done separately.  In the PrintTrie function, for each word printed one word a line with the occurrences printed first with leading zeros followed by the word.  For example ‘THE’ occurred 316,388 times, ‘YES’ occurred 373 times, ‘NOT’ occurred 20,739 times and ‘WAS’ occurred 43,389 times.  These were printed

0316388, THE

0020739, NOT
0000373, YES

0043389, WAS
The file was now sorted using the UNIX ‘sort’ command to provide a list of words and occurrences sorted by the number of occurrences.  This collection of words could now be used as the data to be stored in the dictionary.  Since the file was now sorted, different sizes of dictionaries of the most popular words could now be built.

4.2.2 Dictionary Design


The data structure representing the dictionary must provide the following functionality to service the system:

· The system can add a ‘string’ and ‘occurs’ value pair to the dictionary.

· The dictionary must be able to store the current position in the dictionary, such that if the current series of numeric mobile phone keys pressed are given by 

I1 I2…In

the current dictionary position should be able to access all words in the dictionary that can be made from these key presses in order of the number of times they occur in the dictionary.

· The system must be able to traverse to the next position in the dictionary when a character is appended or deleted from the current word. 

· The system should be able to return the list of words that occur at the current dictionary position in order of the highest occurring value to the lowest.  All words at the current dictionary position should correspond to identical key presses on a mobile phone.

· When given a string the dictionary should be able to find the dictionary position corresponding to the string

· At each position, the dictionary should be able to return the highest occurring word of which the current dictionary string is a prefix.

· The algorithms must be efficient such that even for large dictionaries, the delay in these operations is not noticeable to the user as they type.

4.2.3 Implementation of the Dictionary

4.2.3.1 The Dictionary class


The Dictionary class is implemented as an abstract class, so there can be many different implementations of the dictionary.  To implement the Dictionary, a class must implement the following methods:

· addToDictionary(Word) – adds the word supplied to the dictionary.

· deleteChar() – changes the dictionary position such that words at the new position are prefixes, shorter in length by one.  For example, if the current dictionary position corresponds to the mobile phone key presses 6 – 3 – 3(i.e. “OFF”, or “ODD”), the position after deleteChar has been called references words that are made from key presses 6 – 3(“OF” or “ME”).

· appendChar(int) – changes the dictionary position such that the new node is indexed as before appended with the integer supplied.

· getBestWord() – returns the word with the highest number of occurrences at the current dictionary position.

· getNextWord() – returns the word with the next highest number of occurrences from the current word.

· GetCompleteWord() – returns the word with the highest number of occurrences at the current node or further down the dictionary through the same path.

· resetPosition() – resets the dictionary position so that the current position is the initial dictionary position(i.e. the root of the dictionary).

· findNode(String) – Given a word in the dictionary, this method should set the current dictionary position to the node corresponding to the string.

4.2.3.2 The Data Structures
The dictionary data structure is built up of many classes.  This report will first describe the more simple classes, which eventually build up the dictionary class.

The Word Class
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figure 4.5


The Word class (shown in 4.5) contains a String that holds the word to be stored in the dictionary.  The integer value is used to hold the number of occurrences of the word in the dictionary.

The Words Class

The Words class extends Word, and represents a linked list of words.
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figure 4.6


The ‘next’ value holds the next word in the list, and is set to null if no next value exists.  The ‘next’ value is accessible from outside the class, but no methods have been added to add to the list, or traverse the list.  The Words class is accessed indirectly through the OrderedWordList class.

The OrderedWordList class


This class is used to store a list of Word objects in a linked list ordered from the word with the highest occurrence value to the word with the lowest occurrence value.
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figure 4.7
The class (shown in figure 4.7) contains two local variables: 

· ‘theList’ contains a reference to the head of the list of Words
· ‘current’ contains a reference to the current position in the list of Words.

The constructor for the OrderedWordList class has no parameters, and creates an empty list of Words.  The methods available on this class are:

· addWord  -  This adds an object of type Word to the correct position in the list by reading through the list until a lower occurrence value has been found , and placing the Word to be added immediately before it in the list.

· getHead – This sets the current value to the head of the list, and returns the head of the list.

· getNext – This returns the next value in the list, and returns the head if no more nodes exist in the list. The current value of the list is also moved on.

The CellType class

The CellType class represents a single node in the in the dictionary, has the following structure
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figure 4.8
‘theList’ is used to store the list of words stored at the current cell, in decreasing order of occurrence.  The ‘completeWord’ variable holds the word that the system will use for word completion at the current cell.  The ‘child’ is a CellArray object, the structure of which will be described next in the next section.  The ‘child’ object holds an array of CellType objects that are used to link the CellType objects together in a Trie like object.  The methods required for the CellType object to implement the dictionary are:

· addToCell(Word) – This adds a word to the correct position in ‘theList’ by invoking the addWord method from the OrderedWordList class.

· getBestWord – This returns the head of ‘theList’ by invoking the getHead method from the OrderedWordList class.

· GetCompleteWord – This returns the string component of the ‘completeWord’ variable from the cell.

The CellArray object

This object has the structure
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figure 4.9


The ‘parentArray’ contains a reference to the CellArray - and specifically the node within that CellArray through the ‘parentIndex’ variable - which references this CellArray.  This forms a doubly linked structure where it is possible to move down through the structure by accessing any of the node variables that are not null.  It is then possible to return to the previous node through the ‘parentArray’ and ‘parentIndex’ variables.  The ‘largestOccurs’ value is used to save time when building the dictionary, and its use will be discussed in the Non-Adaptive Dictionary section.  Each of the child nodes contains a CellType object that is on the next level down in the data structure.  They will contain words that are one character longer than the words at the current CellType.  

The array of nodes will eventually correspond to the eight keys on the mobile phone corresponding to alphabetic characters (i.e. 2 – A B C, 3 – D E F, … , 9 – W X Y Z).  Since arrays in Java start from 0, and the first key containing an alphabetic character is the 2 key, a method is provided to handle this mapping.  

getCellIndex(int) when given a number corresponding to the numeric value of the key press, the method will return the index of the node to be accessed.  Initially, a method was provided to return the node directly, however, Java returned a copy of this node instead of the node itself.  The array of CellType was therefore made public so it could be accessed from out with the object.

The NonAdaptiveDictionary class

The class implements the abstract class Dictionary.  It represents a static dictionary where occurrence values are fixed.  Its implementation uses the classes described above, and implements all abstract methods specified in the Dictionary class.  It has the following structure.
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figure 4.10


The ‘root’ variable is the root of the dictionary, and remains the same after the dictionary has been created (the node corresponding to zero length strings).  The ‘currentArray’ and ‘currentIndex’ variables together give an object of type CellType that is the current dictionary position.  The ‘overRun’ variable is when used when a character is appended to the dictionary that leads to a current dictionary position for which nodes do not exist.  This occurs when the key press series corresponding to the current dictionary position is not a prefix of any key press series in the dictionary.  The implementation details of each of the methods of the Dictionary class will now be dealt with separately.

addToDictionary

The series of mobile phone key presses corresponding to the word can be calculated by changing the string component of the word to a character array.  The numeric values of the characters can now be calculated a character at a time.  Adding a word is now a two step process involving finding and adding the word, then a filtering  up process.  

The structure is traversed, at each level using the character array values to decide which node to set the current node equal to.  If the current node is set equal to a null node, a new node must be created by invoking the CellType constructor.  Once the corresponding node has been found, the word is added to the CellType object using the addToCell() method.

From this current node, word being added must be filtered up the structure along the path used to traverse to this node.  This action is performed by accessing the ‘parentArray’ and ‘parentIndex’ variables of each CellArray on the path.  The path to the word is traversed backwards until the ‘completeWord’ at the current node occurs more often in the dictionary than the word being added.  In this way, the ‘completeWord’ at each node occurs more often than any word below it.  The ‘largestOccurs’ value at each CellArray object is used as a time optimisation.  This will always store the highest occurs value of any of the words in the node array so only one check need be performed instead of eight. 


Time complexity O(l + w), where l is the length of the word to be added, and w is the length of the ordered word list

appendChar

This takes an integer as a parameter, which can then be passed as a parameter to the getNodeIndex() method.  This will return the index of the node at the current cell array move the current position in the dictionary to.  However, if the ‘currentArray’ is null, the leaf node of the dictionary has already been reached.  The ‘overRun’ variable is then incremented, as the system must be able to calculate how many times a null node has been accessed so deletion can be performed correctly.  For example, taking a dictionary containing only the word “THE”, with the current dictionary position being the node corresponding to the ‘E’.  If the system is looking for the word “THERE”, it will next call the appendChar method with the letter ‘R’.  Since no node exists, no traversal of the structure takes place and the overRun must be incremented to note that an extra letter has been typed.  If appendChar is called again with ‘E’, again the overRun must be incremented.  It should be noted that when deleting, if the ‘overRun’ is greater than 0, instead of traversing the tree the ‘overRun’ value is decremented.


Time Complexity O(c), where c is constant, as the node current is being set to can always be reached directly from the current node.
deleteChar

For the reasons described above, if the ‘overRun’ value is greater than 0, no structure traversal need take place, but the ‘overRun’ value is decremented.  Unless the current dictionary position is null (the initial position), the current Array and Index variables are set equal to the parent Array and Index values. 


Time Complexity O(c), where c is constant, as the node current is being set to can always be reached directly from the current node.
getBestWord

If the ‘overRun’ > 0, the empty string is returned as the dictionary does not contain any words at this node.  The getBestWord method can be invoked on the CellType object of the current dictionary position to return the word at this node with the highest occurrence value.

Time Complexity O(c), where c is constant, as the current node can be directly accessed, and the head of the list can be reached in constant time complexity

getNextWord

If the ‘overRun’ > 0, the empty string is returned as the dictionary does not contain any words at this node.  The getNextWord method can be invoked on the CellType object of the current dictionary position to return the word with the next highest occurrence value at this node.


Time Complexity O(c), where c is constant, as the current node can be directly accessed, and the next word in the list can be reached in constant time complexity from the current position in the list.

getCompleteWord

If the ‘overRun’ > 0, the empty string is returned as the dictionary does not contain any words at this node or under this node in the structure.  The getCompleteWord method can be invoked on the CellType object of the current dictionary position to return the word with the next highest occurrence value at or beneath this node.


Time Complexity O(c), where c is constant, as the current node can be directly accessed, and the ‘completeWord’ variable can be accessed directly from this.

findNode

Similarly to adding a word, the String passed into this method can be converted to a character array, and the path to the node corresponding to the word can be calculated.  This can be done by taking each character in the array one at a time, calculating the next node index, and moving down the data structure.  If at any point the current node is null, the word being searched for is not in the dictionary and cannot be found.


Time complexity is O(l), where l is the length of the word being searched for.  The findNode method must find a path from the root to a node l nodes away from the root.

resetPosition

This sets the current position to null (corresponds to the empty string).


Time Complexity O(c), where c is constant.  This method sets the value of three directly accessible variables, and therefore has constant time complexity.

Building the Dictionary Time Complexity


For a dictionary of n words, and word of length l and an ordered word list length of  w: 

Building the dictionary has Time Complexity of  O(n*(l + w)).  This is because the dictionary can be built by n calls to the ‘addWord’ method.  This is all pre-processing, and therefore does not need to be performed in real time.

Runtime Performance of the System


All methods that are expected to be carried out by the system in real time have at worst linear time complexity on the length of the current word, and most have constant time complexity.  None of these methods rely on the number of words in the dictionary, so the dictionary can be increased in size without affecting the runtime performance of the system.
4.3 Testing


Testing on the dictionary component was performed in different ways.  The OrderedWordList class was tested separately with a driver, adding words to the list and printing out the results to the standard output.  

The building of the dictionary was tested with a small driver program and a very short dictionary, with the dictionary being printed to the standard output.  However, as testing the other dictionary methods required a complex driver, testing of these methods was performed using an early version of the mobile phone emulator.

The interfaces for each of the two systems were tested by trying each situation possible.  Taking the delay-based system first.

4.3.1 Delay-Based


The phone keys could be placed in two categories.  The numeric keys, and the CLR key.  The following situations needed to be tested:

1. A single numeric key press, waiting for the cursor to move on

2. A repeated numeric key press of the same key without a delay, then waiting for the cursor to move on.

3. Two numeric key presses of different keys without a pause.

4. Two numeric key presses of different keys with a pause for the cursor to move on.

5. Each of the above situations (1 to 5) should be tested with a full message line.

6. Try to clear the empty line.

7. Clear a single character when the cursor has been moved on.

8. Clear a single character when the cursor has not moved on.

9. Each of the situations 7 and 8 should be repeated with a full message line where deleting a character leaves a full message line.

10. Each of the situations 7 and 8 should be repeated with a full message line where deleting a character does not leave a full message line.

4.1.2 Dictionary-Based


The keys can be separated into different categories.  The numeric keys corresponding to alphabetic characters (2 to 9), the 1 key, the 0 key, the Yes key, and the No key:

1. Type the alphabetic keys to form a word, then type SPACE.

2. Type the alphabetic keys to form a word, then type the 0 key.

3. Type alphabetic keys that do no form a word, then type SPACE.

4. Type alphabetic keys that do not form a word, then type the 0 key.

5. Press the No key when the suggested word line is not empty.

6. Press the No key when the suggested word line is empty.

7. Press the Yes key when the complete word line is not empty.  This should be tried when completing the word will not fill the message line and completing the word cause the message line to scroll.

8. Type the 0 key repeatedly when a suggested word exists to check the punctuation marks cycle round.

9. Type the 0 key when a suggested word exists, and allow the cursor to move on.

The system was tested before the evaluation was started.

Chapter 5 – Conclusions

5.1 General Conclusions



The dictionary-based system provided in this project can be seen as successful, as the goals initially specified have been reached.  An evaluation has been carried out with the delay-based system acting as a control, and the results have suggested a number of useful features of the system provided:

· Repeated key presses are mainly avoided.

· Delays waiting for the cursor to move on are mainly avoided.

· The complete word featured offered can reduce the time taken and the effort required to type a message.

From comparison of the two systems, it can be seen that the dictionary based is the more restrictive of the two.  It relies on words already being in the dictionary, and there is no facility to enter numbers as yet, but from the results of the questionnaire, it proved more popular with the users of the system. However, some of the users required extra help in using the dictionary-based system, so it does not seem to be a good system for absolute novices.

5.2 Future Developments

There are a number of further developments that could have been researched or implemented if more time was allowed:

1. Research would need to be done to provide words in the dictionary that would make a more useful dictionary.  Extracting words from the Herald produced a large collection of words, but not all were useful in this situation.  There were also a number of surprising omissions (e.g. the word “HELLO” had to be added).  The dictionary would need to be more bias towards conversational English, and possibly containing colloquialisms.

2. It was suggested from the results of the questionnaire that three lines of information was a lot for the display.  One further development might be to remove the suggested word line, and suggest words on the message line as the user is typing.  This was considered initially, but it was decided that it could become confusing to the user.

3. In the present system, all characters added or deleted are from the end of the message line.  A development in the future could be to allow the user to append anywhere on the message line.  This would bring up the complication of having to allow the possibility of splitting words.  However, allowing the user to move the cursor back and forwards jumping to the end of words only would avoid this situation.

4. One suggestion from the questionnaire was to allow the user to cycle through complete words.  This would be relatively simple to implement as it would require each of the complete word values in the array of nodes at the current position to be cycled through.  This would provide at the most eight complete words for the user to choose from.

5. One method to allow words to be added to the message line that are not in the dictionary, is to provide a ‘mode’ button to switch between dictionary and delay mode.  This would allow the user to enter numbers also, and could be implemented by supplying the Button Panel with a new action listener.

6. As the dictionary is an abstract class, and can therefore be implemented in more than one way, one extension might be to provide an adaptive dictionary.  This would have another integer field counting the number of times each of word has been used by a user, and could use this value to allow the system to adapt to a user by suggesting words first that they have used before.

5.3 A Further Experiment

The evaluation experiment was performed on a mobile phone emulator with 14 users who were relatively new to the system.  The proposed further experiment would take place over a series of months.  A larger number of users would be given phones with one of the text entry system.  By using the system over a series of months, the users would be able to build up an expertise.  A similar experiment to the evaluation could then be carried out, but with more sentences, and longer sentences.  As there would be expert users taking part, on an actual mobile phone, more accurate results could be achieved.

5.4 What I learned

I found this a very interesting project, as it was both a Software Engineering project that required a product to be developed, and a research project that was investigating a proposal.  

The most valuable skill I have learned from this project is the importance of project management.  It is the largest individual project I have been involved in, and time management was very important.

I also feel that I know a lot more about Java, and object oriented languages in general, particularly in the implementation of systems involving the use of Threads.

I have also learned the importance of allowing others to test a system.  The evaluation test runs discovered bugs that I did not think to look for, and helped provide a more robust system.

5.5 Summary

The project provided a mobile phone emulator that could be run using two systems.  A control was provided that modelled the traditional delay-based system and provided a baseline for evaluation.  The proposed dictionary system was also investigated and built, which included constructing an 80,000 word dictionary of English words.  An evaluation was then carried out comparing the performance of the two systems, with the dictionary system being preferred by the users.
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