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Abstract

Many web applications, in business, personal finances, medicine, sales, and education, are ideal scenarios for the integrated use of different devices, both wired and wireless. From the user's perspective, accessing web content using multiple devices is not enough, there needs to be continuity of task focus and a recognition that each device has particular characteristics. Our vision is that where the task is supported by data accessible through the Internet or an Intranet, access to remote data is supported in a consistent manner independent of the actual device and that the user can move (reasonably) seamlessly from one device to another without loss of context or content. 

In earlier work we concentrated on dynamic transformation of text, lists, and tables found in web pages and in this paper we examine specifically the transformation of forms for use on small screens.  This means, for example, that a user can deal with a complex form on a small screen in a mobile setting, can begin to fill out a form on one machine and complete it on another, or can fill in a form in a collaborative context. Our algorithm has a success rate of over 90% in the transformation of forms occurring in web pages into forms suited for small screens. This paper makes a contribution to increasing device independence by providing automatic transformation of forms occurring in web pages that reflects the realities of smaller target devices. This will benefit both designers of web pages and users by providing fuller access to forms relevant to tasks and hence increase the potential value of small mobile devices in collaborative and work environments.

PDA Access to Internet Content: Focus on Forms

1. Introduction

The growth in interest in mobile devices is substantial (Clark,1999). As wireless technology provides a more substantial backbone for mobile mail, ftp, and Internet access, users can expect an integration of mobile and fixed access for applications.  Many web applications, in business, personal finances, medicine, sales, and education, are ideal scenarios for the integrated use of different devices, both wired and wireless. Groups need the flexibility of collaborating with mixed devices and individuals need the flexibility of migrating between devices in the course of a session. 

From the user's perspective, accessing web content using multiple devices is not enough, there needs to be continuity of task focus and a recognition that each device has particular characteristics. Our approach is that where the task is supported by web data the view of this data is tailored to the device at hand. This means that access to web data is supported in a consistent manner independent of the actual device and that the user can move (reasonably) seamlessly from one device to another without loss of context or content.  Furthermore, this means that the user can access any web page on any device with transformations executed dynamically for the target device. This transparency of device means that software is required to track the task parameters from device to device, be knowledgeable about the device characteristics, and interpret the requirements for data within the context of each device so that the user is free to migrate between devices within the same session. 

In theory, the same content would be available to the user no matter which device is currently in use. At a more practical level, knowing the screen and bandwidth constraints of the current device can be used intelligently, along with known use characteristics for small screens and any personal or task preferences to present the data most effectively. 

In earlier work we have concentrated on dynamic transformation of text, lists, and tables found in web pages and in this paper we examine the transformation of forms for use on small screens.  This means, for example, that a user can cope with a complex form on a small screen in a mobile setting, can begin to fill out a form on one machine and complete it on another, or can fill in a form in a collaborative context. This paper makes a contribution to increasing device independence by providing a methodology for the automatic transformation of forms occurring in web pages to reflect the realities of smaller target devices. This will benefit designers of web pages by providing guidelines to ensure successful subsequent transformations to small screens and will benefit users by providing fuller access to the web and increase the potential for use of small mobile devices in collaborative and work environments.

The overall goal is to make the information apparent and the network, device and carrier transparent as far as the user is concerned. This means that users can use a variety of devices during any given session and the system will manage the continuity and transformations of data between laptop and handheld or even phone for the user.  This notion of seamlessness and continuity are important in task situations where users may shift suddenly from one device to another or team members may join mid-task using a different device but where the information context and format must be replicated among team members as well as for the individual. We are concerned with those situations in which the data must be shown in it entirety on each device. For example, if a user is completing a form on a large screen and moves to a PDA the same data should be presented in the same structure.  This differs from the approach of optimizing performance of structures for individual devices, so that tables become lists, for example. or forms and images are removed.

2. Background

There are several approaches to this problem of universal web access across multiple platforms. One approach, the most simplistic and most frequent, is to just let users of small screen devices either restrict their web access to pages crafted for the small screen or do their best with large pages on their small screens.  Early work on proxy servers like the Berkeley Pythia Proxy (Glomop, 1997) and Transend (Fax et al, 1998) provided dynamic compression of web content to improve the transmission rates of these full web pages to wireless devices. Another straightforward solution is to design web pages tailored for the characteristics of each target device. This approach is, however, labour intensive, costly to maintain, and prohibitive for massive numbers of web pages.
 
A design approach focuses on the definition of the web page at design time rather than at run time to develop a knowledge base of user interface (UI) components, such as button, dialog box, or panel, from which individual UI’s can be built for each platform (Eisenstein et al, 2001). Such a system would be deployed at the design stage in the development of an application targeted to multiple devices.

Transcoding strives to perform the transformation of presentation components algorithmically, at run time. Eisenstein et al (2001) propose a general hierarchical architecture that models the dynamic composition of components for display at run time, although generally the designer would provide the mappings for each device for each application. Bickmore and Schilit (1997) provide a useful matrix, shown in Figure 1, of current transcoding approaches.

	
	Elide
	Transform

	Syntactic
	Outlining
	Compress images

	Semantic
	Remove “irrelevant” content
	Text summarization



Figure 1. Bickmore and Schilit Transcoding Matrix

Syntactic and semantic describe how the algorithm parses the original web page, i.e., by using syntactic markers, such as HTML tags, or by examining the actual content of the given web page.  Elide and transform describe the action taken, i.e., removal of some content (elide) or transformation of the original into an alternate output form.  All of these actions, however, result in changes in the original content.

The IBM transcoding service (IBM, 2002; Han et al 1998), is the best known such system and provides a server-side approach to modify web content for presentation on target devices based on user profiles and device profiles.  For example, tables are converted to lists and large texts summarized. In these cases the fidelity of the data is traded off for presentation fit on the target device (Smith et al, 1998; IBMb, 2002).  

The Spyglass Prism system (Wapforum, 1999) provided dynamic conversions of HTML to specific target markup languages, such as WAP and WML, get refs from (Mohan_)***** deal in a similar manner with image and some HTML transformation at run time. These systems also trade fidelity for presentation compactness. This trade off is, however, not always appropriate in sessions that may be collaborative or data sensitive.

For our work we extend the Brickmore-Schilit Matrix, as shown in Figure 2, to include an important additional transformation dimension, i.e., retention. Retention refers to transformations of size but not data fidelity, so that no data is removed or summarized. Retention as a transformation technique does not trade fidelity of data for compactness but rather trades navigation ease for fidelity of data. This means that the original data is not transformed but rather divided up and shown as a sequence of data chunks.

	
	Elide
	Transform
	Retain

	Syntactic
	Outlining
	Compress images
	Thumbnail + full size images

	Semantic
	Remove “irrelevant” content
	Text summarization
	Original text

Original table

Forms





Figure 2. Expanded Transformation Matrix

There are tasks for which eliding or removing data from the original so that the result fits on a small screen display are not suitable. For example, a user who migrates from one device to another may need to have consistency and completeness in the data displayed. Collaborative users on a variety of devices may need to have access to exactly the same data. Finally, some data like tables and forms do not have the same semantics when the content has been altered. For these contexts we propose that transformations be effective in organizing the display of that data in a logical and consistent manner rather than on reducing the amount of data available to the user.

Using Data on Small Screens

Several studies have shown that screen size does have an effect on performance (Kamba et al., 1996).  Recent studies by Jones et al (Jones et al., 1999) and Watters et al (2002) examined the effect of screen size on the overall metric of task performance and they found that the smaller screen size impeded task performance. Reseil and Schneiderman (1987), show that smaller screen sizes result in slower reading time of textual material and Dillon et al. (1990) showed that smaller screens result in many more page forwards and backwards interactions. 

Transformations

 The challenge is to recognize these limitations and intelligently compensate by tailoring data presentation and/or navigation functionality to minimize negative performance effects resulting from trying to display more data than the screen can accommodate. There are several approaches to this problem. The simplest method, dump-and-scroll, simply sends the data to the browser for display using horizontal and vertical scroll bars. The tailor-made solution, used by AvantGo (2001) for example, provides access to certain websites that have been customized for viewing on the smaller screens, typically small volume data such as stock quotes, or calendar information. The chunking approach uses transformational rules to break up the data, based on data type (list, paragraph, table, image), so that the resultant display fits the target device. This approach may build on the notion of an appliance-neutral markup language, such as XML (Watters & Comeau, 2000) or UIML (Abrams et al., 1999), that separates the content from the device specifics. An advantage of the chunking approach is that it permits a variety of target transformations from content of a common data source.


In the current research we are, however, concerned specifically with display and access to forms found in web pages rather than exploration or browsing activities. We are concerned more, at this time, with the effectiveness of presentation of web page forms to users on small devices than the efficiency of input of data to such forms. This research presents a basic architecture to support the use of forms designed for larger screens on small screens.

Forms

An HTML form provides an opportunity for the user to send information and requests to the server or a client-side script.  The  HTML form element is a container for controls, such as, text areas, radio buttons, menus, submit buttons, plus labels on those controls. Users interact with the system by filling in the form, i.e., selecting or completing controls (entering text, selecting menu items, etc.), and then submitting the form for processing. In addition to controls, a form can contain text, images, and markup for structures such as tables, paragraphs, and lists. The use of these structures within forms increases the difficulty of parsing forms into logical subunits.

Our Approach 


The longterm goal of our work is to provide seamless migration for web users between devices with minimal affect on the fidelity of the source data. As in previous work, the original web page is converted once into an XML tagged hierarchy of the document component structure and algorithms are used to perform transcoding functions on the individual data structures within this XML structure.  In this paper we concentrate on the transformation of forms designed for larger screens for use on small devices, as shown in Figure 3. This becomes important when users move between devices mid task, use a range of devices interchangeably, or are collaborating with users on smaller or larger devices. We are ignoring, at this time, the issues of client-side scripting as few mobile devices provide this feature yet.
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  Figure 3. Overview of Form Transformation Process


Forms on small screens have two sets of constraints: display constraints and input constraints.  The display area of these small devices is typically much narrower and much shorter than any PC screen. The font choices are more restrictive and part of the display area may be taken over to provide for text input, either keyboard or script. This means that less information can be presented in a single screen, i.e., menu, checkbox, and radio button option lists cannot be as long (or wide), and text and image areas are likely to be much smaller than on the corresponding PC screen. Input constraints mean that the input keystrokes from the user should be minimized. The use of a touch pen to write or “type” within the confines of the virtual keyboard or the fineness of motor skills required to land within small boxes increase both the frustration and error rate of direct input from users. 

It is relatively straightforward to transform forms found in web pages into corresponding XML and vice versa.  The focus of our work in on the subsequent partitioning of that XML version in a sequence of subforms that are coherent units. Consequently, the focus of the design was on the definition of the DTD that defines an abstract view of forms and form components.  In general, we define a form to be identified by opening and closing <FORM> tags in the original and defined in the XML by an ordered sequence of form components, each of which are indivisible for the purposes of presentation.  For example, a checklist along with its caption would be treated as a single atomic form component and would not be broken apart by the presentation algorithm. We further define a partition to be an ordered subset of these atomic form components, defined at run time, that are concatenated to produce a single screen display on a particular device.

First we classify the HTML tags into several groups; form partition tags, control tags, control content tags, control group tags, ignored tags, and transform tags. Form partition tags identify a form within a web page and include <form> and </form>. In this work, we treat nested forms as a single form. Control tags define atomic form units; input, select, textarea, and isindex prompts. Control content tags are the tags that define or describe controls. For example, within a select control there should be at least one option. The content tags include; optgroup, option, label, legend, link, image, table header, table element, break, div, paragraph, list item, address, strong, and emphasis. Control group tags are those tags used to define sequences of controls that should be kept together and include; horizontal rule, fieldset, caption, table row, menu, ordered and unordered lists.  In this way, all of the menu options, for example, are kept together on a single screen as a single control group, even if the screen now requires scrolling. Transformed tags are HTML tags that are converted into preferred tags to reduce the number of variants the algorithm has to deal with, such as bold or italic.

Combining  Components into Partitions

A form is defined as a container in which there is an ordered sequence of control groups, each of which may contain an ordered sequence of atomic display units. An input form is first parsed into a hierarchy of control components, which are treated as indivisible presentation units, i.e., the smallest unit of a form that can stand on its own and still be useful to the user. For example, a submit button, simple text input, or list item are atomic control units. Form control groups are derived from these atomic units so that the display of individual control units remains in context for the user. For example, a single radio button or list item would lose significant semantics if displayed out of the context of the other input options or the rest of the list. Almost all form components are non trivial and require at least the combination of some accompanying text with an input mechanism (button, list, or text) to provide context and directives for the user. 

At display time, the form is partitioned into a sequence of smaller forms, each of which is better suited for display on the target device. This partitioning requires a combination of screen size, control group size information and semantic partition indicators. Semantic partition indicators, such as horizontal lines, nested lists, and tables, are typically used by the original form designer to provide structure to long forms and are very useful in guiding a reasonable decomposition of the form into partitions. We currently ignore nested forms.

The partitioning algorithm traverses this hierarchy of form control groups along with any other structural information to combine components in the XML definition to generate new pages for the target device.  In this way the original form is replaced with a sequence of partitions of the form, where each partition is defined as a sequence of control units that are determined by the size of the target screen. An individual partition may be smaller or larger than the target screen depending on the makeup of the sequence of components. Only under exceptional circumstances, such as large images, would a partition be created that required horizontal scrolling. Control groups may, however, require slightly more vertical space than can be provided by a single screen and rather than break up the semantics, vertical scrolling is provided. Text and textarea controls are resized to remove the need for horizontal scrolling. Radio buttons are realigned into linear lists to avoid horizontal scrolling. Where menu or list items are longer than can be accommodated by the small screen word wrap or ellipsis are used. This is a tradeoff in increased length and potential decreased readability rather than allowing horizontal scrolling. We arbitrarily defined a single screen as optimal, two screens in length as OK, three screens in length marginal, and more than that unacceptable.

Once the original form has been transformed into subforms or partitions, context and navigational support must be provided for the user. This is particularly important if the user moves from one device to another while filling out a form. This must be done not only without losing data but also without losing context. To support navigation through a web page with one or more forms on a small screen device, a drop down menu of forms is provided for the user. Further, each form partition is given its ordered context within the given form, 3 of 8, for example.

Prototype

A prototype form transformer was written in Java to show the potential use of partitioning forms on PDA size devices and for use in evaluation. In this section we show two sample web pages with forms for illustrative purposes. The prototype is built on a client-server model, where the form transformation application is handled at the server. This provides support for users who may need to fill out part of a form on a small device and complete it on a larger device, or vice versa. Only when the submit button is clicked would the completed form be sent back to the source server for processing. The prototype provides form selection, partition selection, as well as first, next, and back navigation but ignores client-side scripts such as Javascript.

Example One


The first example we use is a straight forward web form for getting opinions from the University of New South Wales.
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Figure 3. Sample Web Form

In the example shown in Figure 3, there are actually two forms, the small one for search at the top and the large comment form taking up most of the page.  The small form can be transformed into a single partition.  The larger form, however, has ten control groups. Eight control groups consisting of text label(s) and a textarea control units and two button controls (one submit and one reset).  Four partitions are generated from these ten control groups as follows: first three control groups, next two control groups, next two control groups, and final three control groups per partition.  The result is shown in Figure 4.
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Figure 4. Partitions for Sample one.

In this sample, the introductory text and header are not within the <form></form> tags and so are not included in the form structure tree not in the partitioned result.  If the original page had included these within the form then they would be parsed as additional controls and be included in the partitioning.

Sample Two


The second sample, a survery, is much more complex. The original page is shown below in Figure 5.  In this example, we see many individual control units and many control groups, such as the radio lists and textareas with labels. 
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Figure 5. Sample Survey Form

In this example the horizontal rules can be used as semantic markers to provide additional information to guide the combination of components into new pages.  Figure 6 shows the individual partitions.
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Figure 6.  Partition results for the second sample web form

We can see in this example, that four of the partitions require some scrolling and that form 6 of the set is a problem. It is very long and the instructions alone take up a full screen. One notes that background color is used to provide semantic information that this could have been used to divide this group further into three partitions, and thus avoid the very long partition that results.

Evaluation Results

In order to evaluate the effectiveness of the algorithm we ran a test set of 200 web pages with one or more forms through the algorithm and examined the results on the small screen manually.  The sites were chosen using Google with the simple search term form. The pages were taken in sequence and the first 200 pages that contained a form were used.  Each site was processed by the algorithm and transformed into partitions for the PDA size screen, examined manually, and assigned a rating of excellent, good, or poor.  A transformation was determined to be excellent if all components were present and clearly laid out and no partitions were longer than 2 scrolling pages. Transformations were determined to be good quality if they contained partitions that were three or more pages in length or had slightly confusing results on the screen. All other transformations were determined to be poor.  Many pages contained more than one form and many forms had a high fanout ratio, where fanout refers to the replacement of a single form with one or more smaller forms.

An examination of sites judged with good transformations reveals some interesting points.  In all cases the resulting transformations were usable but 35% were not esthetically clear, 25% had unreadable character codes, 20% had partitions that were too long, and 20% had structural problems, i.e., maps or images. Furthermore, the sites in this group had a higher number of forms per original page but not a significantly higher fanout rate, although there are two outliers in this group.

When we examined the transformations judged to be poor, we noted that most of the problems arise from trying to handle tables that have been used to impose a structure within the web page. The table may be contained within the form, may include the form within the table, or may be nested. A particular table problem arises when the table is used to impose columns on the input areas so that none of the row components of the table have a context separated from the table itself.  The form, shown in Figure 7, incorporates a table that results in poor transformations.
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Figure 7. Structural Use of Table within a Form and Resulting Transformation

Overall, 90% of the form transformations produced were judged to be excellent (73%) or good (18.5%).  We found that there was some variation in the number of forms on a given page, with the average being 1.31 forms per page. There was, however, greater variation in the results of the transformation of individual forms into forms for the small screen, with the average overall fanout being a transformation ratio of 1:5.88. Notice that the standard deviation for this ratio is quite high at 8.29. Furthermore, although there is no correlation between the rating of the transformation and the number of forms per page there is a significant difference in the fanout between the excellent/good categories and the poor category.
	Quality

Assessment
	Number of pages (%)
	Avg forms per page
	Stdev forms per page
	AVG PDA form fanout
	Stdev PDA form fanout

	Excellent
	146   (73%)
	1.23
	0.60
	5.33
	5.14

	Good
	37     (18.5%)
	1.54
	0.93
	5.28
	11.70

	Poor
	17     (8.5%)
	1.41
	0.71
	11.42
	14.19

	Overall
	200   (100%)
	1.31
	0.69
	5.88
	8.29



Table 4. Overall results

Discussion

Good Results


Several features distinguished the good transformations from the excellent ones. After esthetics, the most common problem was a resulting form that was too long to be useable on the small screen. This was determined at more than two screens. A second problem, which could be addressed algorithmically, was the occurrence of unrecognizable characters, such as &uuml; or &eacute;. Finally, tables, maps, and images sometimes caused confusing results. 

Poor results


An analysis of the tag structure of the poor results in the evaluation provided incremental improvements in the algorithm and areas for further work. Some sites, likely from poor maintenance, were found to have no content and no tags inside <form> and </form> tags. As a result a blank form would be created for the PDA.  This was largely solved by using a threshold in the content/control calculation to identify trivial forms and discard them.  Similarly, often <p> tags were used to format the display and the algorithm was altered so that where multiple <p> tags occurred in sequence or where  <p> </p> tag pairs had no content, the control was not shown.  


HTML allows  select controls with very long option strings and rather than require horizontal scrolling or word wrap we used ellipses to inform the user that the option had been truncated.


During the testing of the prototype we noted that poor results occurred when the form in the original page contained special characters, such as &nbsp or &quot, as these were displayed as text strings on the PDA. This was amended by replacing special characters during the parsing of the form into XML with either the appropriate character, space or accented character, or on occasion with an appropriate descriptive string, such as copyright.


Some web pages were found with duplicate or inaccurate attributes, such as

<table cellspacing=2 cellpadding=0 cellspacing=0 cellspadding=2>.

In this case we accept the last value only at the parse stage because it occurred infrequently and would be very time consuming to detect and compare these values in a more sophisticated manner.



Conclusion


Overall our algorithm using XML as the transformation pivot is both effective and accurate.  In only 8.5% of the sites tested did the algorithm fail to produce usable transformations of the forms in those pages. In 73% of the sites tested the algorithm produced excellent results and in 91.5 of the cases good or excellent results. Further work on the analysis of the use of tables for imposing structure within forms is needed to increase this success rate. 


This design provides support not only for users trying to complete forms on PDA’s but users who may be completing part of a form on their PDA and part on a PC or other larger device.  Session tracking and optimizing techniques need to be explored to support this dynamic migration of form usage. An important area that this work has not fully addressed is the issue of navigation through pages that have been decomposed in to fragments.  The reduced screen space that precipitates the fragmentation also makes overview and site maps crucial at the same time limit the screen space to display such navigational devices. Finally, input remains problematic for large amounts of text on small PDA devices so that techniques need to be explored to remove some of these barriers.
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