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An Improved Text Entry Tool for PDAs a
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Abstract. Textual data entry on PDAs and, more in general, on mobile devices, is still far from being as comfortable as on desktop PCs. Different solutions have been envisaged, ranging from small hardware keyboards and new layouts of software keyboards to predictive input techniques and handwriting recognition systems. Although each of them has its bright sides, no method is universally accepted by the users. This paper aims at describing the new features of a tool, named Wtx, that cleverly combines different text entry techniques and allows users to choose among them. Particularly interesting are the integration of a handwriting recognition system and the FTL rule, that remarkably improves text prediction in Wtx.



1. Introduction PDAs (Personal Digital Assistants) were born as simple personal electronic books, with limited functionalities and computational power. Nowadays their performances are comparable to those of old desktop PCs; as a result, most of the applications running on PCs are supported by PDAs, with all the benefits springing from the portability of the devices. However, the interaction is affected by their limited size and the lack of tools such as keyboard and mouse, replaced by a touch-screen and a tiny pen. Whereas a pen allows a fast and comfortable selection of files and directories (MacKenzie et al., 1991), the same can not be claimed for text entry. This is a critical point, as text entry is at the basis of human-computer interaction. In the dreams of Alan Kay, who devised the first prototype of portable device (the Dynabook), the interaction with a PDA should not differ from that obtained with a simple notepad; it is the so-called pen and paper metaphor (Meyer, 1995). Handwriting recognition is the key of this dream. Although good results have been reached over years of researches, many users are still reluctant to use them, as they feel them slow and inaccurate. For this reason, any PDA operating system typically offers two text entry tools, a handwriting recognition system and a virtual Qwerty keyboard. This paper is the continuation of our previous work on a powerful and comfortable text entry tool named Wtx (Ancona et al., 2005). By integrating into a common interface different technologies, it provides users the possibility of choosing their favorite one. The final aim of Wtx is not speed (in terms of number of words per minute), but comfort. In particular, the last version includes a handwriting recognition system and a new rule, which we called FTL rule (First-Third-Last rule), that imposes to insert letters of a word in a different order than usual. The remainder of the paper is organized as follows: in section 2 a brief overview of the main text entry tools is given; in section 3 we describe the key concepts involved in Wtx; in section 4 we introduce the FTL rule; in section 5 we explain the main reasons behind our choice of integrating a handwriting recognition system in Wtx; in section 6 some experimental results are discussed and finally in section 7 we sketch future directions of our research.



2. State of Art Text entry tools for PDAs may be roughly classified into four categories: small hardware keyboards, software (or virtual) keyboards, handwriting recognition systems and voice recognition systems. Also, there are midway approaches between the second and the third one, named gesture-based systems. However tiny they are, hardware keyboards require the user to lay the device on a desk. This approach strongly limits the portability of the device and make it similar to a notebook. Although users generally prefer a hardware keyboard (Rodriguez et al., 2005), a software or virtual keyboard is more suitable on a PDA. A virtual keyboard is the image of a tiny keyboard with which users interact by “tapping” the keys by the pen. A virtual Qwerty keyboard is inefficient as Qwerty has been thought for typewriters; in order to prevent mechanical jamming, letters forming frequent digraphs in English are kept apart on the keyboard. Since such letters should be as close as possible on a virtual keyboard, in order to minimize hand movements (thus improving the speed), alternative keyboard layouts have been proposed (MacKenzie & Soukoreff, 2002). Because of the presence of the pen, handwriting recognition systems seem to be a more suitable approach. However, the metaphor dreamed by Alan Kay is not a reality yet. Most of the systems, in fact, force users to write one character at a time: this makes the writing process unnatural, slow and stressful. Moreover, since handwriting varies from person to person, each system proposes a customized alphabet with which users have to comply, in order to get the characters correctly interpreted. Speech recognition systems would be the most effective interaction method, as they require less attention than the other techniques. In the last decade many efforts have been invested in this research field, with the development of



valid systems; however, their accuracy can not be compared to that achieved by a virtual keyboard or even a handwriting recognition system. Moreover, some situations prevent speech recognition to be used, especially when users would like to preserve their privacy.



3. Key Concepts in Wtx In a previous work we defined Wtx as an “input method for selecting words from a long list (called a dictionary) of specialized terms like a long list of therapies or pathologies” (Ancona et al., 2005). The first version of Wtx, called WordTree, visualized the words of a dictionary into a tree structure (Ancona & Comes, 1999). Tests immediately showed that such interface was not so comfortable as expected, due to the limited size of the area devoted to text entry on PDAs. For that reason, the following versions opted for the interface showed in figure 1: on the left the selection area displays up to ten words to select, whereas on the right the composition area contains an alphabetical virtual keyboard (figure 1(a)) or a handwriting recognition system (figure 1(b)). An option exists to swap the two areas in order to make Wtx usable also for left-handed people.



(a)



(b)



Figure 1. Wtx interface (a) with a virtual keyboard and (b) with handwriting recognition system



For the sake of brevity, in this section and in the next one, unless otherwise specified, we will refer to the interface displayed in figure 1(a). At the start-up the selection area contains the ten most frequent English words; whenever a letter is inserted, the ten most frequent words beginning with that letter are showed. If the desired word comes up in the selection area, it can be inserted by simply tapping on it and this action also forces the insertion of a space. This is what we call the traditional running mode of Wtx. Wtx was first used to select words from a dictionary of names of therapies and pathologies; these words, often very long, can be comfortably selected by performing only 2 or 3 taps on the virtual keyboard. Comfort has never been taken into account when evaluating a text entry method; usually speed (in terms of number of words per minute) and accuracy (number of committed errors) are used in the evaluation. However, not only does speed depend on the system, but also on users. When users feel tired, in fact, they decrease their speed or at least tend to commit more errors, even if they are using the fastest and most accurate virtual keyboard. Our first results show that Wtx is slower than Qwerty, but the number of errors is remarkably lower, whereas it increases with the time by using Qwerty. Thanks to the dictionary and the selection area, in fact, in Wtx the words can be inserted without tapping on all their characters. Therefore, the less is the number of taps the more is comfort. Although Wtx reaches its best performances when it comes to select words from a specialized dictionary, it can be also used in continuous writing. The dictionary used by Wtx for a general purpose usage counts more than 13000 English words. Moreover, it is possible to easily switch among different dictionaries, depending on the context. In the current version dictionary changes have to be performed manually; however, in future releases dynamic contextualization will be implemented, so as to make Wtx a comfortable, effective and context-aware tool for inserting text on PDAs.



4. The FTL rule The number of taps needed to insert a word is an important parameter in Wtx. In (Ancona et al., 2005) we presented some results that were not completely correct, for two reasons. First of all we compared a non-weighted mean (the mean length of the words) to a weighted mean (the number of taps)1 ; secondly the dictionary of Wtx had only 5000 words. We repeated the same calculations and we obtained that the mean length (weighted on the frequency of the words) of the words in the dictionary is 4.4 and the mean number of taps to perform in order to insert all the words is 2.43. This means that Wtx in the traditional mode almost halves the number of required taps. Improving the available space to the selection area would provide an even better result; however, the keyboard in the composition area would have too small a size. Instead of modifying the interface, we devised a new easy-to-learn method of writing the words to guarantee a number of taps less than 2.43 (Quercini, 2007). After the first letter, the third and the last one of a word have to be inserted, instead of the second an third one. If the word does not come up in the selection area, the user must insert the second letter and then the fourth, the fifth and so on. This is the so-called FTL rule (First-Third-Last), that is included in the last release of Wtx. The mean number of taps with this rule turns out to be 2.32. Moreover, 87% of the words in the dictionary are inserted with ≤ 4 taps with the FTL rule, whereas only 64% of the words enjoy this property in the traditional mode (Quercini, 2007). This is due to the fact that the FTL 1
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rule performs a stronger selection of the words than the traditional mode. Obviously it requires users to learn it, but, as we will see in section 6, this seems not to be an issue.



5. Handwriting Recognition in Wtx The last version of Wtx includes an option that allows the use of a handwriting recognition system instead of a virtual keyboard. A virtual keyboard is usually faster and more accurate than a handwriting recognition system, but requires a higher level of attention, especially in Wtx, where the composition area length is half the length of the SIP2 . As a result, comfort could be negatively affected. Figure 1(b) displays the interface of Wtx with handwriting recognition system: in the composition area a box, where letters have to be written, replaces the virtual keyboard. The advantage brought by the recognition system is that users can write the letters in the box and look at the selection area at the same time; thus, only looking for the desired word in the selection area demands their attention. Whereas in the previous section we measured comfort in terms of taps, here we use the concept of stroke, that we define as the gesture performed to write a letter by the pen. “Tapping” is faster than “stroking”, but requires users to search for the key over the keyboard; therefore the difference between taps and strokes is not much significant to evaluate comfort. However, the box in the composition area could be further reduced in order to display up to 15 words in the selection area. This choice will decrease the mean number of strokes, but looking for the desired word in the selection area will be more time-consuming. In order to obtain a quick evaluation, we interfaced Wtx to the handwriting engine provided by the operating system. Although we experienced some troubles in interfacing Wtx to this engine and the engine itself is not very accurate, obtained results are good. For this reason we are planning to improve this part of Wtx, by embedding into it a better recognition system, such as that described in (Joshi & Nagy, 2005).



6. Experimental Results Evaluating a text entry method is not a straightforward process. Usually two are the considered parameters: speed and accuracy. While speed can be easily computed in terms of words per minute (WPM), different measurements exist for accuracy (Soukoreff & MacKenzie, 2001). Moreover, tests can be set up in different ways. Typically participants have to write down a text, but results may change depending on whether the text is dictated or directly copied by users. Finally, both beginners and expert users should attend to tests, to estimate the maximum achievable performances and highlight potential difficulties in learning. Due to the complexity of Wtx, our tests have been concentrated only on beginners so far. Thus, we chose 10 people not used to PDAs (but skilled in using a PC) and we asked them to copy and write down a text (454 words) in three different sessions. During the first session they were required to use the Qwerty virtual keyboard; in the second one they had to get acquainted with Wtx, running in traditional mode with virtual keyboard, and in the last one with Wtx, running in FTL mode and with handwriting recognition system. Each session was preceded by a fast warm-up aimed at making participants a bit confident with the tool to use. The PDAs used during the trials were all Compaq iPAQ H3630, running a Microsoft CE 3.0 operating system.



Session I II III



Table 1. Wtx Test Results WPM Standard Deviation 13.33 2.71 9.64 2.28 6.43 1.87



Accuracy 2.35 0.22 0.28



The values in Table 1 are the mean of the results obtained by each participant. The speed is computed as the mean of the number of words written over a minute; the standard deviation is the measure of the variation of the speed over the time and the accuracy is the average number of incorrectly written words over one minute. In computing the accuracy we only ignored errors generated by the recognition system, as we know that it is very inaccurate. Thus, the higher are the values in the third column of Table 1, the worse is the accuracy of the evaluated method. As expected, the maximum speed is obtained with Qwerty, of which users have a better knowledge. However, the speed in Wtx is not affected only by the low level of participant’s experience, but also by the movements imposed to the hand from the composition area to the selection area. Moreover, users said that they had to spend some time to search the desired word in the selection area. This overhead could be considerably reduced if the words were sorted in alphabetical order instead of by their frequencies. Finally, the low value for speed reported in session III is due to the inaccuracy of the recognition system and to the novelty introduced by the FTL rule. Despite a lower speed, users felt Wtx (both in traditional and in the FTL mode) more comfortable than Qwerty, as they had not to write completely long words. The level of comfort is related to accuracy and standard deviation. On one hand a high number of misspelled words is clue of lack of comfort, as it is mainly the result of the tiredness of the user. Moreover, as a text should 2 SIP (Soft Input Panel) is the area of the screen devoted to text entry in PDAs running a Microsoft PocketPC operating system. Its size is set up by the operating system to 320x80 pixels.



be error-free, an additional effort is required to make the needed corrections. On the other hand, a low value of the standard deviation means a good level of comfort. In fact usually speed considerably decreases as tiredness increases; we noticed that, whenever the speed reaches a very low level, users tend to take a rest. When they resume their work, speed considerably goes up. This behavior, that we most observed during the first session, gets the standard deviation to increase. Thus, the values of the standard deviation and accuracy reported in Table 1 confirm users’ perceptions about the comfort of Wtx.



7. Conclusions and Future Works In this paper we presented Wtx, a text entry tool for PDAs that exploits different well-known technologies in order to provide users with a powerful and comfortable tool. Through a simple interface, users can choose two different running modes (traditional and FTL) and whether to use a virtual keyboard instead of a handwriting recognition system. We also described the FTL rule, that requires users to change the way they write a word, in order to decrease the number of taps or strokes. First experimental results confirm that the new rule is quite challenging for beginners, but it is not so hard to learn as we expected and contributes to increase the level of comfort. Coupling handwriting recognition to Wtx seems to be a successful choice, as users report a high degree of comfort with respect to the keyboard. It has not to be forgotten that the recognition engine we use in the current release is pretty far from being efficient and comfortable. Thus, including a more reliable and accurate recognition system might result in even better performances. In the next releases we plan to enrich the dictionary of Wtx by adding also all the plurals of the regular nouns and the forms of the paradigms of all the regular verbs; moreover, we would like to extend the use of Wtx to other languages. Also, dynamic contextualization of the dictionaries will be implemented and deeply tested. Finally, more accurate tests will be performed on a number of different users.
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