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ABSTRACT

Sixteen older and younger adults completed a series of activities that were commonly performed in websites.  Older users (those over 70), with the same computer and Internet experience as younger users, tended (a) to be slower at scanning keywords, (b) to be slower at scrolling, (c) to have more difficulty effectively using widgets, (d) to get lost more easily, and (e) were more likely to select incorrect options.  Older users did read reliably faster than did younger users.  It was concluded that to allow older users to interact with websites at the same performance level as younger users will require changes in the way that websites are designed.  This could include making changes (a) to the overall interaction approach, (b) to the design of web components (including widgets, the scrollbar, etc.), and (c) to the way labels and headers are selected and tested.

INTRODUCTION

It has been clear for the past 20 years, that the normal effects of aging include a decline in computer-related sensing, cognitive and responding abilities (Welford, 1981; Salthouse, 1991).  These declines in the ability to sense, process information and respond can negatively affect older users’ ability to perform many tasks.

Sensing Limitations

A good example of aging influences on the senses is with hearing.  As people age they require louder sounds to be able to hear adequately. Cohen (1994) had subjects listen to speech sounds and indicate the level they preferred for listening.  The hearing comfort level by age was:
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Not only do older users need louder sounds, but they also require larger letters.  Charness and Dijkstra (1999) reported that older adults were slowed more than younger adults by smaller type fonts when reading prose text.  They proposed using 12- or 14-point type.  Ellis and Kurniawan (2000) proposed that the visual sensing limitations of older users could be better addressed if designers:

· Used only sans serif fonts (Arial, Helvetica, Verdana), and

· Used black type on a white background

Both Ellis and Kurniawan (2000) and Czaja (1997) recommend that designers should create links that:

· Are distinct and easy to see,

· Are fairly large (at least 180 x 22 pixels for a graphic button), and

· Have plenty of open space around them.

Cognitive Processing Limitations

As users age, there seems to be a general overall slowing of brain processing speed.  The largest impact seems to be with tasks that require the most cognitive processing, such as with working memory, overall attentional capacity, and visual search performance.  Age effects are smallest for tasks where knowledge is an important aspect of the task, and largest for tasks where successful performance is primarily dependent on speed (Sharit and Czaja, 1994).

Mead, Spaulding, Sit, Meyer and Walker (1997) had young (ages 19 to 36) and older (64 to 81) adults with little computer experience conduct searches using different websites.  The older users had the most problems with tasks that required three or more clicks.  Older users also searched less efficiently than younger users, requiring them to make 81% more moves.  

They also reported that older users were more likely to use a "screenful at a time," while younger users tended to scroll a "line at a time" while reading.  Most of the difficulties encountered by older users seemed to be directly related to memory limitations.  For example, viewing a "screenful at a time" seemed to require less cognitive load than viewing a "line at a time" while scrolling. 

Responding Limitations

As users age, their ability to make movements slows, and becomes less reliable.  In general, this causes them to type and mouse slower.  Kalasky, et.al. (1999) attempted to determine if older users would be better off using highly practiced speaking for input.  They and others (Morris and Brown, 1994) found that the time taken to read a text passage into the computer took reliably longer for older users than for younger users.  In the study, the older users had an average speaking rate that was about 14% slower than younger users.  There are other problems with using speech for input.  As people age, their voice characteristics change (become higher pitched), which can make it harder for speech recognizers to understand their utterances (DiGiovanni, 1994). 

Problems with ‘Aging’ Studies
Differences in test participants other than age has been a major problem with much of the early research in this area.  One study (Mead and Fisk, 1997) reported that their group of young adults differed substantially from their group of older adults.  Their young adults reliably: 

· Used ATMs and computers more often, 

· Read faster, 

· Had greater reading comprehension and working memory capacity, 

· Had faster choice reaction times (there was no difference in simple reaction time), 

· Had higher perceptual speed scores, 

· Were less educated, and 

· Had lower vocabulary scores.

Another major problem is the lack of consistency across studies when defining younger versus older users.  For example, Charness and Dijkstra (1999) conducted three different studies where they defined older adults in three different ways (a) those over age 58, (b) those over 40, and (c) those over 50.  Also, they reviewed the results of three other studies where older adults were defined as (a) those over 60, (b) those over age 50, and (c) a group “with an average age of 75.”

Preliminary Usability Test

Bailey, Koyani and Nall (2000) reported findings from a usability test that involved fifteen participants.  Four of the test subjects were over age 60, and eleven were between ages 20 and 30.  All responded to the exact same set test items.  The test items were developed to help gain some insight into common problems on information-oriented websites.  The test attempted to provide information on these questions:

· What characteristics of a website tend to elicit clicks?

· What fosters efficient scanning behavior?

· What is the optimal number of ‘screenfuls’ per page?  

· Is it better to have users scroll or to have them follow links?

· What do users call things in the websites?

· When people get lost, why do they get lost?

In the process of analyzing the results of this usability test, we found six issues that seemed to be age related.  When compared with younger users, the older users seemed to (a) scan keywords more slowly, (b) use the ‘Back’ button more often, (c) to scroll more slowly, (d) move the scrollbar by clicking on the ends, (e) have more problems with widgets, and (f) read text more slowly.

Based on our review of the published literature and the results of our usability test, we felt that there was sufficient evidence to suggest that older users actually did approach the Web in ways that were much different than younger users.  We attempted to determine which commonly used Web activities were most likely to elicit large reliable differences between older and younger users.

Hypotheses

This study proposed and investigated six hypotheses concerning common activities performed on the Web:

· Hypothesis 1 - Older users will scan for keywords more slowly than will younger users.

· Hypothesis 2 - Older users will not answer general website-based questions as successfully or as quickly as younger users.

· Hypothesis 3 - Older users will not know how to use page-based controls (widgets) as well as younger users.

· Hypothesis 4 - Older users will read text pages for comprehension more slowly than will younger users.

· Hypothesis 5 - Older users will scroll more slowly than will younger users.  

· Hypothesis 6 - Older users will make more choices in the first screenful than will younger users. 

METHOD 

Participants

Sixteen participants were recruited for use in the study.  Eight of the participants were between the ages of 20 and 30, and eight were between the ages of 70 and 80.  All participants were community-dwelling adults.  None of the users had impaired vision that was not corrected with glasses or contacts, impaired hearing, color blindness, tremors, or demonstrated any other accessibility issues.

Both the younger and older groups had comparable computing and Internet experience.  All users had at least five years experience using a computer with a keyboard and mouse, and at least two years current experience browsing for information on the Web.  At the time of the study, they were all active Web users.  They all used the Internet for email, searching and browsing.

Procedure

Each person sat at a computer that was connected to the Internet.  Over a one-hour period they responded to 27 test items.  The websites used, and examples of the test questions used for each site are shown in Appendix 1.  The subjects were presented with written test items, one at a time, to which they attempted to respond.  Most of their responses were related to finding information in a variety of information-oriented websites.  The test items were administered in a different (random) order for each subject.

Prior to beginning each session, each participant was told to “work as quickly and as accurately as possible.”  This instruction was reiterated as the session proceeded.  The subjects were told that they would be timed on each question, and that their questions would not be answered while working on test items.  There was a time limit on each question that ranged from two to three minutes.  The participants were not allowed to use a website’s search capability to answer any of the questions.

Two different people, a ‘tester’ and a ‘timer,’ observed each participant throughout the test.  These two individuals made observations, did timings using a stopwatch, recorded successes and failures, and took notes while the subjects attempted to complete each activity.  Many subject behaviors and virtually all subject comments were recorded.  In addition, all sessions were videotaped.

The computer used by all participants had a 17-inch monitor that was set to a 800x600 pixel resolution, and to 16-bit color.  All subjects used a mouse that did not have a ‘roller’ for scrolling.  The computers were reset after each subject to ensure that each person experienced the websites in the same way.  Even though the computers were connected through a T1 connection to the Internet, most of the websites had been previously saved and stored on the hard drive to reduce computer response time variability.

RESULTS

Scanning Behavior

Hypothesis 1 stated that older users would scan for keywords more slowly than would younger users.  This portion of the study had users finding and clicking on a series of keywords.  For example, one test item used the following links: 

· Tackling Tobacco 

· Taxing Teens Pays Off

· Video: Are You at Risk

· What is Prostate Cancer
There were four separate sets of key words, and the keywords were listed on a paper page so that subjects could continually refer to the words.  When told to begin, users simply found and clicked on the first keyword, the page changed, and then they found the next keyword and clicked again.  This was continued until all four keywords were found.  Although some users did scroll, they did not have to scroll to find the keywords because they were all shown in the first screenful (above the fold).

This hypothesis was correct.  Older users did scan for keywords reliably more slowly than did younger users (t=3.68, p<.002).  In fact, the older users took twice as long to select the keywords.  The older users required an average of 61.1 seconds, while the younger users required an average of 32.0 seconds.  There was no reliable difference between the two groups in successfully clicking on the correct links.  The older users were just much slower.

Finding Answers

Hypothesis 2 stated that older users would not answer general website-based questions as successfully or as quickly as younger users.  This portion of the study required users to respond to four different questions that could be answered by clicking on the correct set of links.  For example, one test question was: “In what city and state is the Clayton College and State University’s ‘dental hygiene’ program?”  To answer each question, participants were required to correctly click on at least four links to find the correct answer.

This hypothesis was correct.  Older users did not answer general website-based questions as quickly (t=2.24, p<.04), or as successfully (t=4.48, p<.001) as younger users.  The older users required an average of 120.0 seconds, while the younger users required an average of only 83.5 seconds.  The older users successfully completed an average of only 1.6 questions, while the younger users successfully completed an average of 3.3 questions – twice as many.

Another way to analyze these results was to count the number of times that older versus younger users became so lost that they could not complete the question.  Older users became hopelessly lost on 58% of the questions, while younger users became totally lost on only 19% of the questions.  These were all questions that could not be completed within the time allowed.  

All eight older users became lost on at least one of the four questions; in fact, seven of the eight older users became lost on two or more questions.  On the other hand, seven of the eight younger users became lost on only one or on no questions.  All four questions were answered by 61% of the subjects, with the easiest being answered by 81% and the hardest by 44%.

Using Widgets

Hypothesis 3 stated that older users would not know how to use page-based controls (widgets) as well as younger users.  This portion of the study required users to respond to questions by effectively using a page-based control (widget).  The widgets included dropdown lists, open lists, radio buttons, entry fields, etc.  Some of the widgets required users to press a “submit” button after making selections or entries, some allowed a double-click, while others did not.  

The participants were shown the widget and asked to respond to the question – they did not have to find the widgets first.  They responded to a total of 16 widgets, not counting the “submit” pushbuttons, in eight different tasks.

This hypothesis was correct.  Older users did not use the widgets as quickly or as successfully as younger users.  The older users took an average of 39.3 seconds, while the younger users took an average of 20.2 seconds to use the exact same widgets (t=4.43, p<.001).  The older users successfully completed an average of 6.5 tasks, while younger users completed 7.9 tasks (t=3.92, p<.002).

Reading Speed

Hypothesis 4 stated that older users would read text pages for comprehension more slowly than would younger users.  All pages were shown on the computer’s monitor, were one-page long, and required participants to scroll from the top to the bottom of the page.  The three articles contained 687 words, 992 words and 2,132 words.  

After reading the material, the subjects were given a paper-based set of questions to answer concerning what they had read, i.e., to test their comprehension.  All participants practiced by reading one page and answering one set of questions before beginning the actual study.

This hypothesis was not correct.  Older users in this study read the three articles on the computer monitor reliably faster than did the younger users (t=2.37, p<.03).  The older users read the material at an average of 416 words-per-minute, while the younger users read at an average of 366 words-per-minute.  There was no reliable difference between the old and the young groups in reading comprehension.

Scrolling Speed

Hypothesis 5 stated that older users would scroll more slowly than would younger users.  This portion of the study required users to scroll to an answer and then click.  The focus was on how quickly they could scroll to the different targets.  They were required to scroll to the target item, click on the item, and then scroll to the next item.  This was repeated from three to five times for each question.  They were usually required to scroll from two to four screenfuls of information to answer each question.  

This hypothesis was correct.  Older users did scroll reliably more slowly than did younger users (t=2.88, p<.01).  Older users took a total of 99.3 seconds to complete the tasks, while younger users took an average of 69.9 seconds.  There was no reliable difference in their success rates.

A second part of this hypothesis concerned how users would go about scrolling the pages.  Based on past studies, older users tended to do more clicking on the scrollbar’s end-arrows, while younger users tended to grab the scrollbar with their mouse pointer and drag the bar to scroll.  ‘Dragging’ seemed to allow users to scroll faster.

We observed not two but seven different primary scrolling methods used by the participants in this study:

· Always clicking on the scrollbar end-arrows (either click at a time or holding down the mouse button) – 3 older and 2 younger

· Always dragging the scrollbar – 1 older and 5 younger

· A combination of clicking the end-arrows and dragging the scrollbar – 2 older and 1 younger

· A combination of clicking the space above or below the end-arrows and dragging the scrollbar – 1 older and 1 younger

· Pressing the up and down arrow keys or page-up and page-down keys (with the num lock off) on the keyboard – 1 older

There was no reliable difference in the scrolling methods used by older and younger users.

First Screenful Choices

Hypothesis 6 stated that older users would make more choices in the first screenful than would younger users.  This portion of the study required users to respond to a question that must be answered by clicking on the correct set of links.  These five questions were similar to those used to test Hypothesis 2, with one major difference.  Each of these questions purposely had a link in the first screenful (above the fold) that could have been the correct link (from the users perspective), but was not the correct link.  The correct link was actually in either the second or the third screenful on the page.  

In our previous usability testing, we had observed that younger users tended to grab the scrollbar and immediately begin scrolling to see what was on the entire page before making a selection.  We also had observed that older users tended to be much more likely to make a selection before scrolling.

This hypothesis was correct.  Older users did select the wrong link in the first screenful reliably more often than did the younger users (t=2.12, p=.05).  Consistent with our findings in Hypothesis 2, the older users took reliably longer to answer the questions than did the younger users (t=2.92, p<.01).  Older users took an average of 64.8 seconds to answer the questions, while the younger users took an average of 37.3.  

Also, older users were reliably less successful in answering the questions (t=4.27, p<.001).  Older users successfully completed an average of 2.0 questions, while younger users successfully completed an average of 4.3 questions – more than twice as many.  We observed that older users took longer and were less successful because they frequently had to ‘undo’ their initial selection and start over.  In some cases, they never recovered from the initial wrong selection.

DISCUSSION

Five of the six hypotheses were shown to be true.  It appears that older users (those over 70), with the same computer and Internet experience as younger users, tend (a) to be slower at scanning keywords, (b) to be slower at scrolling, (c) have more difficulty effectively using widgets, (d) get lost more easily, and (e) are more likely to select incorrect options that are presented in the first screenful (above the fold).

It was surprising to find that older users in our study could, as a group, read reliably faster than the younger users.  This was true even though one of the younger users was an accomplished speed reader, and averaged over 1,100 words-per-minute in our study.  Perhaps even more interesting was to have a group of older users that read 12% faster than the younger users, but still scanned keywords 91% slower.  This suggests that reading speed may have little to do with scanning performance.  Muter and Maurutto (1991) optimized a computer screen to facilitate fast reading.  When they tested their changes, they had reliably improved reading performance, but the same changes had no effect on scanning performance.

Even though older users had as much experience with computers as did younger users in this study, they were not near as proficient at scrolling or when using the widgets.  One reason that older users scrolled more slowly was that more of them selected a scrolling strategy that was much slower, e.g., clicking on the scrollbar’s end-arrows rather than dragging the bar, or using keyboard keys rather than using the mouse.  The scrollbar and widgets, as they are now designed, may not allow older users to manipulate them as effectively as younger users.  There may be a set of alternative widgets that accomplish the same tasks, but that are more useable for older people.

Designers need to find more ways to improve the performance of older adults without hindering the performance of younger adults.  An excellent example of this type of intervention was proposed by Worden, et.al. (1997).  They found a way to enhance cursor movement for older users (average age of 70.1 years) without degrading the performance of younger users (average age of 23.4).  

These researchers created an ‘area cursor’ and ‘sticky icons.’  Traditional cursors have a one-pixel “hot spot” which serves as the point of activation, whereas their ‘area cursor’ was a 12x12 pixel square that had 144 hot spots.  Their ‘sticky icons’ enabled an automatic 30% reduction of the cursor’s gain ratio as the cursor neared a target, and then returned to normal after passing target.  The area cursor and sticky icons had no effect on accuracy, but substantially improved the speed of performance over the traditional pointer for both young and old users:

Percent Improvement over Traditional Cursor

Younger Users    Older Users

Sticky icons only 
         2% 
     27%

Area cursor only 
       19%
       
     14%

Both sticky icons
       28%
       
     57%

   and area cursor

Older users tended to get lost sooner than younger users (Hypotheses 2 and 6) because they were penalized much more by poor labels and headers than were the younger users.  In this study, we observed numerous times when older users would make one or more clicks and find that they were totally lost.  

Also, they seemed to be far less able to recover than the younger users.  Even though older users made good use of the ‘Back’ button, once they returned to earlier pages, they still have difficulty making correct selections of options.  Consistent with the findings of Mead, et.al. (1997), older users seemed to have considerable difficulty with working memory limitations when trying to recover from being lost.  

CONCLUSIONS

Older users, those over age 70, definitely had more difficulty in quickly and successfully dealing with many common website tasks.  To allow older users to interact with websites at the same performance level as younger users will require changes in the way that websites are designed.  This could include making changes (a) to the overall hypertext approach, (b) to the design of web components (including widgets, scrollbar, etc.), and (c) to the way labels and headers are selected to ensure that they are more descriptive.
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