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Abstract—The purpose of this study was to investigate the 
factors that influence navigation performance of a Web site in 
novice older adults, using quantitative and qualitative 
methods. Eighteen older females (aged 60-72) and eighteen 
younger females (aged 30-41) who had no experience on the 
Internet performed three Web navigation tasks on a 
computer. Their navigation performance was evaluated by 
total number of pages visited, total number of irrelevant 
pages visited, and time of task completion. In addition, verbal 
reports of the participants during tasks were recorded to 
explore their cognitive processes. The results suggest that 
older adults took more time to find the targeted Web pages, 
because, as compared with younger adults, they had more 
difficulty in finding appropriate links due to character size, 
inappropriate link name, and high clutter of a Web page. 

I. INTRODUCTION 
rowth of technology has had enormous impact on our 
daily lives. Nowadays, it is hard to live in comfort 

without relying on technology in general and computers in 
particular [1], in fields such as work, education, healthcare, 
communication, and entertainment [2]. 

In many potential uses of computer, the Internet is 
rapidly becoming one of the most beneficial tools, because 
it provides information in an efficient manner. In Japan, 
68.5% of the population was using the Internet in 2006, as 
compared with 44.0% in 2002 [3]. Of Internet applications, 
a common use of the Internet is navigation of the World 
Wide Web (WWW) [4]. Previous research has shown that 
the WWW has the potential to improve quality of life in 
older adults. Cody et al. reported that older adults who 
learned how to access the Internet had more positive 
attitudes toward aging, high levels of perceived social 
support, and higher levels of connectivity [5]. White et al. 
showed that older adults tended to feel decreased loneliness 
after receiving training in use of the Internet [6, 7]. More 
recently, Fokkema et al. suggested that use of the Internet 
alleviates loneliness and increases self-confidence in older 
adults [8]. Thus, the Internet would empower older adults if 
it becomes widely used as an information retrieval/ 
acquisition or communication tool. 

Despite the increased use of the WWW, accessibility to 
the WWW in older adults is still highly limited. In Japan, 
adults aged 65 and over constituted about 20.8% of the 
population in 2006 [9], and they constitute the fastest 
growing section of the population. However, a survey on 
Internet use found that only about 5.5% of the Internet user 
population is aged 65 and over. As for gender differences, 
about 59.5% of Internet users aged 65 and over are men and 
the remaining 40.5% are women [10]. Thus, a digital divide 
exists in terms of age and gender.  

To facilitate access to the WWW and provide older 
adults with equal opportunity to receive benefits through 
the WWW, we must clarify the navigation problems 
encountered by older adults as they seek information on a 
WWW site (i.e., a Web site). 

The purpose of this study was to compare the WWW 
navigation performance of older and younger adults. To 
date, a number of studies have examined the effects of 
aging on WWW navigation performance and have 
provided useful guidelines on designing Web sites for older 
adults. Most of those studies, however, mainly evaluated 
navigation performance by quantitative data. Relatively 
little attention has been given to qualitative evaluation in 
the area of ergonomics. Previous research addressed the 
need to employ a combination of qualitative and 
quantitative methods to investigate problems in this area 
[11]. Therefore, in addition to quantitative method, as a 
qualitative method, verbal protocol analysis, which has 
been used to evaluate usability of a Web site [12] or 
cognitive searching strategies on navigation tasks [13], was 
employed for examining physical and cognitive factors of 
Web sites that may influence navigation performance of 
older adults.  

II. METHODS 

A. Participants 
Eighteen older females (aged 60-72) and eighteen 

younger females (aged 30-41) participated in this study. 
None of the participants had any experience with the 
Internet. They reported having sufficient sight and hearing 
abilities and no physical discomfort in the upper body 
regions. Before enrollment in the study, all participants 
provided written informed consent. 
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B. Experimental tasks 
Three Web navigation tasks were conducted on existing 

Web browsers. Participants were asked to locate the Web 
pages for: 1) the duty roster of orthopedists on the Web site 
of a hospital (Task1; T1), 2) treatment of hypertension on 
the Web site of a TV program for health information (Task 
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2; T2), and 3) a recipe of Japanese food on a cooking Web 
site (Task 3; T3).  

C. Measures 
Navigation performance 
Participants’ movements on the screen during tasks were 

logged by WebTracer [14] and were also recorded on 
videotape through a scan converter. Navigation 
performance was evaluated by the total number of pages 
visited, total number of irrelevant pages visited, and time of 
task completion, all of which were obtained from log file 
data of WebTracer and records on videotape. 

Verbal protocol data   
Participants’ verbal reports were recorded by a digital 

voice recorder. Participants were asked to perform the 
navigation task and verbalize their thoughts (e.g., what they 
were attempting to do, what problems they were 
encountering and other task-related thoughts) concurrently. 
To identify problems participants faced, the complaints 
they registered and other behaviors while completing 
navigation tasks, data from verbal reports were transcribed 
and categorized into several groups by using codes that we 
developed. Table 1 shows an example of the verbal reports 
and the categories for analyzing data. 

(Example of codes; SC = Screen character, SL = Screen Layout, LN = Link 
Name, NE = Navigation Error, MC = Mouse Control). 

 
Computer anxiety 

To examine whether participants’ attitudes toward 
computers influenced Web navigation performance, 
computer anxiety was measured with Aikyodai’s Computer 
Anxiety scale (ACAS) [15]. ACAS comprises 21 items that 
measure three components of computer anxiety, each 
consisting of 7 items: 1) anxiety toward computer operation, 
2) computer interest, and 3) anxiety toward social influence 
of computer technologies. Participants were asked to 
respond to each of the items using a 5-point Likert scale (1 
= “strongly disagree”, 5 = “strongly agree”). 

D. Experimental procedure 
Participants completed two sessions, on different days. In 

the first session, participants trained on how to use a mouse 
and how to perform a navigation task (approximately 30 
min, and this time was extended if either the participant or 
experimenter felt it necessary). The second session was 
conducted for collecting data. Participants were allowed to 
practice a navigation task for 20 min before data were 
collected. After completing practice, the participants 
performed three navigation tasks with a 10 min. resting 
period between tasks, with all participants performing the 

tasks in the same order. At the end of this session, 
participants responded to the ACAS. 

III.  RESULTS 

A. Navigation performance 
Table 2 shows the results of navigation performance for 

each task. No significant differences were found between 
younger and older participants in total number of pages 
visited and total number of irrelevant pages visited in each 
task. Time of task completion was significantly longer in 
older participants than in younger participants (p<0.01). 
This suggests that, as compared with younger participants, 
older participants spent more time on each page to search a 
link for moving to another page. 

B. Verbal protocol data 
The results of analysis on verbal protocol data indicate 

that older adults had more difficulty in finding appropriate 
links than did younger adults, because of small character 
size, unfamiliar names of links which did not provide a hint 
of the pages they link to, high density of page layout, and 
high clutter on a page. Some older participants also 
mentioned that they had difficulty in pointing and clicking a 
small button or link. Some younger participants were 
embarrassed that they took significant time to find a link or 
made a navigation error. 

C. Computer anxiety 
Table 3 shows the scores of computer anxiety for each 

age group. No significant differences are found in total 
scores, scores of computer interest, and scores of anxiety 
toward social influence of computer technologies. Scores 
on anxiety toward computer operation were significantly 
higher in younger adults than in older adults (p<0.01). 

IV. DISCUSSIONS 
This study was conducted to determine the factors that 

influence WWW navigation performance in novice older 
adults by both quantitative and qualitative evaluation. 

As for navigation performance, time for task completion 
in older participants was significantly longer than that in 
younger participants, although no significant differences 
were found in total number of pages visited, and total 
number of irrelevant pages visited. These findings suggest 
that mean duration on a page before choosing where to 
click was longer in older participants than that in younger 
participants. 

Previous research suggests that small character size [16], 
inappropriate link name [17], and high clutter [4, 12] of a 
Web page affect navigation performance. Smith et al. 
reported that cursor control tasks with a mouse are more 
difficult for older adults [18]. In this study, these factors 
could have led to poor navigation performance.  

Attitude toward computers or technologies did not have 
any observable influence on Web navigation performance. 
Interestingly, younger participants were more anxious 
about operating computers. Their generation has become 
accustomed to using computers efficiently in daily lives, 
regardless of whether they are willing or unwilling to use 

 
Table 1 Examples of coding for verbal reports 

Participants’ verbal reports Code

“The character size of this screen is too small.” 
“…the screen is too crowded!” 
“I don’t know what this word means.” 
“This is the wrong page. How can I go back to the top 
page?” 
“I can’t click the mouse button well” 

SC 
SL 
LN 
NE 

 
MC 



  

[7] H. White, E. McConnell, E. Clipp, L. G. Branch, R. Sloane, C. Pieper, 
T. L. Box, “A randomized controlled trial of the psychological 
impact of providing internet training and access to older adults,” 
Aging Ment. Health, vol. 6, pp. 213-221, August, 2002. 

Table 2 Values of navigation performance (mean ± S.E) 

 Younger adults Older adults 

Total number of 
pages visited 

T1        3.67 ± 0.50 
T2        7.44 ± 1.48 
T3     5.83 ± 0.88 

4.89 ± 1.33 
5.61 ± 0.70 
7.31 ± 0.83 

Total number of 
irrelevant pages 
visited 

T1        1.17 ± 0.33 
T2        1.83 ± 0.94 
T3     2.17 ± 0.45 

1.83 ± 0.88 
1.89 ± 0.57 
2.44 ± 0.64 

Time of task 
completion (sec) 

T1      81.33 ± 15.26 
T2    164.17 ± 37.91 
T3    159.28 ± 24.83 

164.44 ± 28.51
424.33 ± 58.65
333.19 ± 39.37

[8] S. J. Czaja, N. Charness, A. D. Fisk, C. Hertzog, S. N. Nair, W. A. 
Rogers, J. Sharit, “Factors predicting the use of technology: Findings 
from the center for research and education on aging and technology 
enhancement (CREATE),” Psychol. Aging, vol. 21, pp. 332-352, 
2006.   

[9] Cabinet Office, Government of Japan, “Annual Report on the Aging 
Society: 2006,” Available: http://www8.cao.go.jp/kourei/whitepaper 
/w-2007/gaiyou/html/jg110000.html (in Japanese) 

[10] Ministry of Internal Affairs and Communications, Japan, “2006 
Survey on Time Use and Leisure Activities Leisure Activities,” 
Available: http: //www.stat.go.jp/data/shakai/2006/koudou-a/ 
zenkoku/zuhyou/b021-1.xls (in Japanese) 

[11] S. Hignett, J. R. Wilson, “The role for qualitative methodology in 
ergonomics: a case study to explore theoretical issues,” Theor. Issues 
in Ergon. Sci. vol. 5, pp. 473-493, November-December, 2004. 

[12] R. Benbunan-Fich, “Using protocol analysis to evaluate the usability 
of a commercial web site,” Inf. Manag., vol. 39, pp. 151-163, 2001. 

[13] A. Thatcher, “Information-seeking behaviors and cognitive search 
strategies in different search tasks on the WWW,” Int. J. Indust. 
Ergon.  vol. 36, pp. 1055-1068, 2006.  

[14] N. Nakamichi, M. Sakai, K. Shima, J. Hu, K. Matsumoto, 
“WebTracer: A new Web usability evaluation environment using 
gazing point information,” Electron. Commerce. Res. Appl., Vol.6, 
pp.63-73, Spring, 2007. 

[15] K. Hirata, “The concept of computer anxiety and measurement of it,” 
Bull. Aichi. Univ. Edu., vol. 39, pp. 203-212, 1990. 

[16] National Institute of Aging, “Making your Web site senior friendly,” 
Available: 
http://www.nlm.nih.gov/pubs/staffpubs/od/ocpl/agingchecklist.html 

[17] J. A. Borges, I. Morales, N. J. Rodriguez, “Page design guidelines 
developed through usability testing,”  in Human factors and WEB 
development, C. Forsythe, E. Grose, J. Ratner, Eds.  Mahwah:  
Lawrence Erlbaum Associates, Inc., 1997, pp.137-152. computers. Therefore, selection bias might be at work; a 

group of younger adults that lack Internet experience would 
probably include many who are anxious about computer 
use. Meanwhile, older adults generally have fewer 
opportunities to use computers, and therefore many would 
be novices because of lack of opportunity rather than 
because of computer anxiety. 

This study clarified that some physical and cognitive 
factors could influence usability of Web site in novice older 
adults. Of those, relatively much research has been done 
about appropriate character size of Web sites for older 
adults. Further study is needed to examine systemically 
how link name or clutter on Web sites influences 
navigation performance in older adults, in order to 
minimize these problems. 

Table 3 Scores of computer anxiety (mean ± S.E) 
 Younger adults Older adults 

Anxiety toward computer 
operation 23.61 ±1.19 19.33 ± 0.93 

Computer interest 19.39 ± 1.01 20.17 ± 1.16 

Anxiety toward social 
influence of computer 
technologies 

20.28 ± 1.04 18.89 ± 1.67 

Total 63.28 ± 2.22 58.39 ± 2.81 

   

[18] M. W. Smith, J. Sharit, S. J. Czaja, “Aging, motor control, and the 
performance of computer mouse tasks,” Hum. Factors, Vol. 41, pp. 
389-396, 1999. 
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