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Abstract

The World Wide Web has an enormous potential role in facilitating independent living of older people, and to alleviate social isolation within this vulnerable group. However, many older people continue to experience difficulties when using the Web. The poor design of web content causes a serious problem, despite the availability of extensive ‘good practice’ knowledge in this field. There have been various attempts to overcome this problem, one of the most recent and ambitious being IBM’s Web Accessibility Service, which offers means of overriding the appearance of web content to better suit users’ needs. Unfortunately, other significant problems remain for many older people, including those posed by complex browsing technologies. Perhaps surprisingly, browsing technologies have received almost no attention in the research literature relating to the usability of the Web for older people. This contribution describes the design and development of a browsing tool for older novice users. Major design decisions are discussed, drawing on findings from the field of inclusive design and evidence from the authors’ substantial experience working with older people. Initial evaluation of the tool has had promising results and future development plans are outlined.
1 Introduction
The World Wide Web has an enormous potential role in facilitating independent living of older people. Online shopping, entertainment, and communication are just a few of the features available over the Web which could ease the effects of many of the problems faced by older people, such as mobility impairment and social isolation. Furthermore, the increasing trend toward e-government in many Western countries (AGIMO; Cabinet Office, 2000; Hunter & Jupp, 2002), suggests that without access to the Web, older people may risk further exclusion (Scottish Executive). Moreover, a report by the UK Department of Trade & Industry (DTI Foresight, 2000) indicates the social and economic necessity for technology to play an increasing role in supporting older people, in light of the ageing population.

It is concerning then, that use of the Web among older people remains significantly lower than that of the overall population. In the United States, despite considerable increases in the number of older people online, only 22% of those over 65 were using the Internet in early 2004 (Fox, 2004). Similarly in the UK in early 2004, only 17% of adults over 65 had ever used the Internet (ONS, 2004).  

Due to the prevalence of computers in education and in the workplace, many children and young adults are afforded opportunities for learning and support which may not be available to retired people. Similarly, major incentives for obtaining computer skills may be less immediately apparent for retired people than for their younger working counterparts who stand to benefit financially through increased salaries and improved job prospects. For these and other reasons, it is essential that the Web and other information technologies are as intuitive as possible if the older population is to be encouraged and enabled to use them to fulfil their potential as sources of support and entertainment.

2 Issues for Older People using the Web

Age-related changes in cognition, manual dexterity and visual perception appear to interfere with successful computer use by older adults (Hawthorn, 2000; Czaja & Lee, 2003). Moreover, web use demands the ability to use two interfaces: the web content and the application (browser) interface. A great deal of attention has been paid to the design of web content, which can present significant barriers to use (Coyne & Nielsen, 2002; Morrell et al, 2004). However, the browser itself must be used in order to access web content and so usability problems at the browser level will have a very significant cumulative effect on overall web usability (Cockburn & Jones, 1996).
2.1 Web Content Customisation
As noted above, poorly designed web content can pose serious access barriers for many older people. Some of the more significant and immediate barriers include: text that is too small to be easily read; poor contrast between foreground and background; inappropriately small targets. Becker (2004) provides a review of some of the common barriers to use. 

In an effort to provide a means of overcoming these barriers, IBM developed WAS (Web Accessibility Service), an Internet-Explorer add-in which introduced a ‘settings band’ at the bottom of the application interface (Hanson & Richards, 2004). This settings band allows users to customise the presentation of web content in various ways,  including: altering text size; altering colour contrast; having text presented in audio; resizing and sharpening images. Some of the underlying principles that were employed in the development were flexibility, interactivity and simplicity: users were able to try out adaptations in order to investigate what worked for them. 

The service is based within a standard browser for a reason: research carried out by IBM showed that a specialised browser is unpopular with educators and with more experienced users (Hanson & Richards, 2004). However, as a result of being based within an already substantial application interface, the WAS settings band reduces the remaining space for web content considerably. Given that one of the main alterations likely to be performed by target users is to increase the size of web content, the further reduction of the viewable content area could prove frustrating for many users. 

The WAS includes functionality that may already exist within the conventional browser (e.g. text size alterations) as well as additional functionality. The provision of existing functionality in a more appropriate and usable form appears to pose fundamental questions about the current design of browsers, particularly for this user group.

Because the WAS works within a standard browser application, novice older users who stand to benefit from WAS are faced with a browser interface that is difficult to use and acts as a barrier to web content. Exploring ways of removing these barriers should not be perceived as “dumbing down”, but as an investigation of what people really want, and really use, when they are browsing the web.
2.2 Browser Complexity
There appears to be increasing recognition of the need for web content customisation features, such as those provided by WAS. Manufacturers of popular browsers have begun to provide functionality for adapting aspects of presentation such as text size, foreground and background colours and font properties directly from the browser interface. Unfortunately, for many novice older users, the provision of these customisation features is at odds with the more basic need for an application interface which is straightforward and intuitive to use and which avoids intimidating the user with extensive functionality.  

The Web Accessibility Initiative (WAI) of the World Wide Web Consortium (W3C) has developed the User Agent Accessibility Guidelines (UAAG) for developers of web browsing applications (UAAG, 2002). The UAAG describes to software developers ways of providing appropriate browser functionality to enable users - most notably those with disabilities - to overcome potential access barriers. The UAAG have a central focus on the adaptation of web content and appropriate means of achieving this. As such, the guidelines provide limited direction on the usability of the user agent applications themselves. Thus, reading the guidelines could leave a user agent developer with the assumption that ‘users with disabilities’, who are most likely to require customisation features, will be expert computer users who interact with software applications on a regular basis.

In fairness to the WAI, the document states quite clearly that the UAAG cannot be applied to all types of user agents. In section 1.2 Target user agents: “The target user agent is one designed for the general public to handle general-purpose content in ordinary operating conditions”.

User agents designed for the general public might successfully provide functionality for the customisation of web content without impinging upon application usability. However, it could be argued that an inverse relationship exists between the provision of additional functionality and the subsequent usability of the application interface (even when that functionality is required for the customisation - and subsequently improved usability - of web content). Thus, offering an exhaustive range of customisation features in an ill-conceived attempt to provide a suitable browsing environment for older users will only exacerbate the problems they currently face. 

Research suggests that older people tend not to take advantage of web content customisation features provided in the browser, even when these could help to overcome access barriers (Ellis and Kurniawan, 2000). Furthermore, this appears to be a characteristic of older users that does not disappear with training or moderate browsing experience. After 12 weeks of training, users in the study rarely remembered that it was possible to customise web content by using browser controls; those who did remember were reluctant to do so because of the complexity of the menu systems. 
2.3 Problems with Windows Application Interfaces
There is no research directly focused on the difficulties that older people encounter using browsers, although research has been carried out that provides us with a starting place (see, among others, Ellis and Kurniawan, 2000; Coyne and Nielsen, 2002). The problems that older people encounter with traditional Windows interfaces have been investigated in more depth (see Czaja and Lee, 2003 for a review) and give a good basis for critique of the current browser interface, although the web application interface is unique in the way in which it interacts with the content, indeed, in the way in which its functionality can be usurped by the content (e.g. text size changes). 

Comparative studies have shown that older users take longer and encounter more errors than their younger counterparts when asked to navigate layered menu structures (Rama et al, 2001). The researchers suggest that this is due in part to the effect of ‘technology generations’, i.e. that today’s older generation spent their formative years encountering and learning to use interface components which were electro-mechanical and single-layered, such as knobs and switches. Since then, software interfaces have been introduced into the home environment, i.e. screen-based, context dependant displays. As a result, later generations have grown up with a familiarity of software interfaces, employing new interaction metaphors such as hierarchical menu structures, which may not be shared by older generations.

Many of the difficulties older people encounter with layered interfaces are also due in part to cognitive changes associated with ageing, including declines in working and spatial memory (Zaphiris et al, 2004). Work by Hawthorn (2000) suggests that memory support from the system can ameliorate the effects of cognitive ageing on interface use.  In the absence of support from the system, however, older users are likely to become disoriented and confused when browsing the web. This confusion can take place at various different levels: people may become confused between multiple sites, within a single site, or within a single page.

3 A Browser for Novice Older Users
This section describes the design and development of a browsing tool for older novice users which aims to tackle the problem of complex application interfaces and explore the effect of an alternative browser on the overall web browsing experience.

3.1 Conception
Participatory design work (Ellis & Kurniawan, 2000) along with first-hand observations of older learners browsing the web, has demonstrated clearly that significant usability issues arise for this user group.  Pilot sessions, held to observe the difficulties that older users faced when carrying out web tasks, illustrated that current browser designs create significant and unnecessary barriers. 

The issues that we felt were of primary importance in the development of the new browser design were as follows:

· Standard browsers are presented as frames around the web content. The user must understand the metaphor of the frame before they can understand the content itself, or navigate through it. One obvious example of this is that a user cannot understand the scroll bar before they understand that it is part of a frame: the up button on the scrollbar moves only the frame upwards, and as a result, the content moves downwards. The existence of metaphors such as this, which expert users are normally unaware of, acts as a significant barrier to novice user comprehension of a new system. As a result, the design team was anxious to avoid metaphor as far as possible. 
· Direct manipulation reduces cognitive load by allowing the user to see the effects of their action on the object of interest. IBM’s WAS provides a good illustration of the importance of a direct manipulation approach to presentation changes.

· Web browsing is, in essence, about interaction with web content. The functionality that really needs to be on the browser is very restricted. The more intrusive a browser, the more it affects the experience of interacting with web content, as Coyne and Nielsen (2002) note of the AOL web browser. It was therefore a principle of the new browser design to minimise intrusion on the content.
3.2 Design
3.2.1 Design Process

Over a four month period the design group gathered on a weekly basis to discuss and develop the interface design. Throughout this period two students worked on the project as part of a placement scheme. One student acted as technical lead and was responsible for the technical development of the software application (using C#). A second student acted as graphic designer, developing the visual interface for the software (using Flash) according to specifications given by the design team. The Flash files representing the visual interface were then incorporated into the software, and associated functionality was tied together programmatically.

One of the initial premises - that traditional browser applications are overloaded with interface components - led the design team to begin without any assumptions regarding ‘necessary’ interface components. This meant beginning without the standard application title bar, menu bar, tool bar(s), status bar, even scroll bar. The application interface began, in effect, as a ‘full screen’ view of the web content. Then, key application features were discussed with a view to providing appropriate interface components to support this functionality. In this way, the prototype began as a blank canvas, with each proposed component being critically assessed in terms of its necessity prior to inclusion in the interface. 

3.2.2 Prototype Interface

The eventual prototype interface consisted of only five buttons. Each of these buttons were large, well-labelled and distinguished by colour from each other. This compares with over 100 options available on the Internet Explorer interface, mainly provided through the menu system. While expert users may benefit from such a vast array of features, and while layered menu structures may be an efficient way of organising these, work by Ellis and Kurniawan (2000) suggests that older novice users are unlikely to use these menu systems. This is supported by Rama et al (2001) who, as noted above, reported a generation effect in the use of layered interfaces whereby older users take longer and encounter more errors than their younger counterparts.  It is of vital importance then that functionality is available directly from the immediate interface. Although many existing browser applications do provide popular features directly from the tool bar, the design team took a major step in this instance and eliminated the presence of a supporting menu system altogether. 
The five key features which were included in the prototype interface were: ‘Start Again’, ‘Go Back a Page’, ‘Look Up/Look Down’, ‘Make Black and White’ and ‘Magnify +/-’. These features can be roughly divided into navigation and presentation features. Navigation features allowed the user to move around the page or the web, whereas presentation features allowed them to alter the presentation of the content.

The three navigation features included “Look Up/ Look Down” which replaced the scrollbar and permitted movement within a web page, “Go Back a Page” (equivalent to Internet Explorer’s ‘back’ button) and “Start Again” (equivalent to “home”). While in terms of basic functionality a “start again” button was not technically necessary, observations with groups of novice web users demonstrated that older users wanted a way to abandon an unsuccessful web task, to return to the beginning and to start again. When there was no toolbar button that permitted this they would close the web browser itself and re-open it to “start over” from the beginning.

Inappropriate presentation of text is perhaps the primary barrier to ease of browsing for older users, therefore two of the browser buttons were dedicated to improvements in text presentation. The “magnify” button allowed users to increase text sizes. Although the question of whether larger text sizes actually improve older adults’ performance on web tasks remains under discussion (Chadwick-Dias, 2003; Bernard et al, 2001), it has been fairly well-established that when the opportunity to change text size exists, older users will use it (Coyne & Nielsen, 2002; Hanson & Richards, 2004). The ‘Make Black and White’ button proved difficult to name in a way that would make sense to older users. In essence it clarified the presentation of web content, removing backgrounds and increasing contrast between fore- and background.
3.2.3 Placement of Browser Controls

Available research suggests that interface controls should be grouped together. As such, the design team avoided any arbitrary separation of the five buttons. However, research is not so clear as to the optimal positioning of the grouped controls as a whole. Traditional windows applications have controls placed at the top of the screen. This may be a Windows application convention, but it goes against conventions in the physical world where controls tend to be beneath the object of interest: a car is driven with controls that are underneath the windscreen; a television is tuned or adjusted with controls underneath the screen, including when using a remote control. Therefore, non-users of computers may reasonably expect controls to be underneath screen content rather than above it.

There are a number of additional reasons why controls might be better placed at the bottom of the screen rather than at the top, these include: 
· Support for poor manual dexterity and mouse control. Quite often, older or inexperienced users inadvertently drag the mouse towards them as they click on a target. If the browser controls are at the top of the screen the pointer can slide off of the button, resulting in inaction; or worse still, the pointer may move onto the content (which could result in unexpected page changes). Controls at the bottom of the screen can use the edge of the screen as a safety net: the mouse pointer may slide down to the bottom of the screen but will not slide off and onto something else (Worden et al, 1997).
· Having browser controls at the top of the screen means that, conceptually, users must cross the content to reach those controls. This may not seem so significant at present, but as touch screens become increasingly popular (especially for this age group) the problem will become more severe.

· Research suggests that the top of the screen is the area which users are most likely to pay attention to, i.e. it is their ‘entry point’ to understanding the screen (Faraday, 2001). Usability expert Jakob Nielsen reports that when using the Web, users wish to get straight to the page content (Nielsen, 2000). This is made harder a lot of the time by excessive navigation structures, and it seems likely that placing the application interface at the top of the screen would hinder this process further.
· With web sites, navigation components are typically oriented around the top of the page, wrapping around the page content. So, having the application interface wrapped around that again means that the user is required to distinguish between three discrete ‘layers’ of interaction components. With browser controls situated at the bottom of the screen however, the user is only required to distinguish between two layers at the top of the screen. In effect, the browser controls become a distinct mode of interaction, quite separate from site structure and content.

Due to their familiarity with the standard application interface, expert users may consider the above effects to be trivial. However, when dealing with novice users, for whom no conventions or assumptions can be made, it is important to question our assumptions and to consider all significant factors relating to the environment as objectively as possible.
3.3 Initial Evaluation

The design decisions made during the development of the prototype browser represent the beginnings of investigation in this area since so little previous research has been done. It was thus important to explore whether such alterations to the browser aided or hindered novice users when they were seeking to understand web pages.  A study was carried to evaluate the effects of the prototype browser on user interaction with various different types of web pages, in comparison to the standard browser, Microsoft’s Internet Explorer. In order to explore the effects of the different browser designs on the cognitive processes of older novice computer users, an eye-tracking study was carried out. There were three different components to the study: initial user viewing and understanding of the page; browser influences on a search task and, user expectations of browser functionality. The results of this study clearly indicate that the prototype browser has no negative effect on user interaction with web content, and provide clear encouragement for the continuation of the project. Full results will be reported elsewhere when data analysis is complete.

The current version of the prototype browser is also being prepared for wider usability and interaction tests to evaluate the acceptability of the browser design and the usability of the available functionality.

3.4 Future Research and Development

To a large extent, future research and development plans will be dependent on the outcome of the evaluation process described above. Immediate plans include testing of a working version of the software by the design team, with necessary refinements and fixes being implemented prior to any user testing. The outcome of removing so much functionality from the browser interface remains to be seen. It is possible that the current range of features provided will prove insufficient for some users’ needs. However, as a development methodology, particularly for this user group, this approach is preferred over the alternative of offering too many features at the outset. Additionally, those features which are already provided, such as ‘Make Black and White’ (which applies a preset style to an entire document) may prove too inflexible. If this proves to be the case, variations will have to be considered, but it will be crucial that these variations do not detract excessively from the usability of the interface itself. For instance, the inclusion of additional functionality may require more screen space for the browser controls (if a single layered interface is to be maintained) or the introduction of some form of layered interface. Whatever the outcome of this process, key design decisions will need to remain sensitive to the needs of the target user group.
4 Summary

It is clear that the World Wide Web has the potential to be an effective and enabling technology for many older people. Unfortunately, inappropriate design of browser applications can present significant barriers, particularly to novice members of this user group. Modern browser applications offer users more control than ever before over the customisation of web content, a key requirement for increased accessibility of the web for many people. However, the sheer range of functionality available – however worthwhile these functions might be for expert users – causes many novice older users to become frustrated and confused, to the extent that the Web is effectively unusable for this group. This contribution has outlined the design of a browser application for novice older users, describing key design decisions, initial evaluation and future research and development plans. It is intended that the outcomes of the evaluation, along with future research and development, be reported once these become available.
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� Note that, of course, physical controls like the mouse, keyboard, buttons for altering monitor settings etc. are underneath the monitor. It is only the onscreen controls that contradict this common pattern. 





