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Abstract. Older adults experience the World Wide Web differently than 
younger ones do. For example, they move more slowly from page to page, take 
more time to complete tasks, make more repeated visits to pages, and take more 
time to select link targets. Age-related cognitive and physical changes have 
been held responsible for these differences, engendering the view that older 
adults do the same sorts of things as younger ones but with less efficiency, 
speed and precision. This paper challenges that position. To accomplish their 
purposes, older adults may systematically undertake different activities and use 
different parts of websites than younger adults do. We examined the ways a 
group of adults aged 18 to 73 moved through an intricate website to solve a 
multipart problem. As they moved through the website, users followed different 
paths than younger ones. However, the number of years of their experience with 
computers and the web did not differentiate their paths. We discuss the results 
and reconsider our “tally sheet” definition of experience.   
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1   Introduction 

The portion of adults over 65 who use the World Wide Web increased from 2% in 
1995 to 33% in 2006 [1, 2, 3]. However, for this growth to reach the point where all 
capable older adults can access the web, we must solve more of the usage problems 
they experience [4, 5]. Although a few investigations have explored some of the 
socio–economic, cultural, and linguistic constraints on such access, most have limited 
their focus to the physical and cognitive dimensions of the problem. This paper will 
continue the thread of research into the differences between younger and older adult 
web users by contrasting the paths they followed through a complex website to solve 
a specific problem task. Moreover, it will assess whether and how users’ prior experi-
ence mediates the effects of age.  

Most explanations of the difficulties older adults experience with the web are based 
on age–related changes to their sensorimotor and cognitive capacities. Examples of 
disabilities associated with cognitive change include attention deficits, low-capacity 
working memory, reduced information processing speed, slow reaction time, reduced 
response inhibition strength, high-latency encoding rates, or low rate of inference 
production [6, 7, 8]. Furthermore, a weakness in one capacity may affect others and 
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diminish overall cognitive performance. For example, if the rate of information proc-
essing slows as an individual ages, the capacity of working memory may seem to de-
teriorate as it tries to keep some pieces of information active and usable while waiting 
for the sluggish retrieval of others [9].  

As behaviors become automatic, they consume far less attention, long–term mem-
ory, working memory, executive control, or other cognitive resources than they do 
when performed mindfully or deliberately (see [11]) Such experience may help older 
adults [12, 13] to compensate for age–related cognitive deficits by “automatizing” 
some behaviors, lessening demands on cognitive resources. For example, they may 
develop heuristics that guide their activities on the web even without their awareness. 
They may learn, for example, that the left sides or the upper margins of web pages are 
the most likely regions to contain controls for navigation.  

Web user behaviors can be analyzed at two levels of granularity. Web users can be 
thought of as performing extended transactions such as purchasing goods or retrieving 
weather information. In contrast, each of those transactions may be looked at as a 
collection of local behaviors, such as moving to the next page or following a hyper-
link. Investigators have sought age-related performance differences by using meas-
urements of unitary local behaviors even when they are integrated with others to form 
extended transactions [14]. Examples of typical findings show that older adults take 
more time to complete tasks, visit fewer pages overall, take more time to select link 
targets, make more unnecessary repeat visits to pages they have already seen, or re-
turn more frequently to the home page [14, 15, 16]. These findings have encouraged 
the widely shared belief that in terms of localized atomic behaviors, older users be-
have in the same way as younger ones although with less speed, efficiency, and  
precision.  

To compare how older and younger users navigate a website in order to complete 
extended transactions such as locating a product or setting up the delivery of a pur-
chase, the website must offer multiple routes to task completion. Breathtakingly obvi-
ous as it may seem, this procedure is surprisingly difficult to respect. Multiple paths 
by which to complete an extended transaction cost more to build and maintain than a 
single path. For that reason, only a small portion of websites implement multiple 
pathways with which to complete a task. 

2   Method 

2.1   Participants 

The 16 female and 12 male participants ranged from 18 years to 73 years of age 
(M = 54.71, SD = 16.40). Participants’ computer experience ranged from 1 to 25 
years, (M = 4.78, SD = 4.48). They were required to have had at least one year of 
computer background and a computer that they used in their home regularly.  

2.2   The Task 

Overview of the assigned problem–solving task. Each of the participants was asked 
to solve a constructed but plausible problem by using resources that were located by 
navigating a website. Specifically, participants were to traverse the website of an 
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online newspaper in order to find employment opportunities for a close friend or rela-
tive. The description of the sought–after job included reception, as well as logistical 
and clerical support for a hospital patient–care nursing station. Another problem con-
straint required the job to be within 75 miles of where the user was when participating 
in this experiment. 

Equipment. To solve the assigned problem task, participants needed access to a par-
ticular website. They were to navigate through sequences of web pages seeking in-
formation about the job they sought. As they moved about, the URL for each page 
visited was logged to a file along with data needed to calculate the elapsed time for 
each page. We interposed a proxy server to intercept and log information sent from 
the website to the participants’ browser so that the data could be collected automati-
cally and unobtrusively.  

In addition, to ensure that the participants navigated using page links, we made the 
“back” and “history” functions of the browser unavailable to them.  

Materials. We asked participants to solve the problem task using the online version 
of a well–known newspaper. This particular newspaper was chosen for the following 
reasons:  

1. All candidates for participation were familiar with the “paper version” of the 
newspaper. 

2. Although the content of the online materials changed from day–to–day, the struc-
ture of the web pages remained constant. This included layout, controls and indica-
tors and page URLs. 

3. Every edition would provide two or more instances of advertisements for employ-
ment opportunities that fit the requirements as a solution to the task the participants 
were to complete.  

3   Procedure 

The session monitor described the purposes of the study for each of the participants 
with nonspecific phrasing such as “finding out how different people use a website”. 
Then the monitor read a description of the problem–solving task. The participants 
were told that the session would end when they successfully completed the assigned 
problem or when they felt further search would be unproductive. Among the search 
options on the newspaper website were two links to external search engines — one 
for jobs, the other for general web searching. Using either of them would shunt the 
participant out of the website without any way to return that would not perturb the 
data collection process. We judged the participants to have completed their session if 
they followed one of the links that led outside the website.  

Participants began the problem–solving session by responding to a computer pro-
gram that collected their age, gender, and number of years of computer experience. 
As they had been told, no information about their identity was collected. Once they 
answered the last one of the biographical data questions, the program started a 
browser that loaded the “front page” of the newspaper. 
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4   Experimental Results 

Of the 28 participants, 13 or 46.4% successfully completed the task. Fifteen or 53.6% 
did not successfully complete the task because either (a) they failed to locate informa-
tion that accurately described the sought–for job, (b) they exited the newspaper web-
site prematurely, or (c) they declared that further searching to be fruitless.  

The mean values for age and experience for participants who completed the as-
signed problem did not differ significantly from those for the participants who did 
not. The average age of those completing the problem was 48.0 years while that of 
those who did not was 60.5 ( F(1, 26) = 3.63, p =.068). Those who succeeded had an 
average of 6.46 years of experience with computers compared with 3.33 years for 
those who did not (F(1,26) = 2.82, p = .106). The comparison involving one user 
characteristic (e.g., age) used the other (e.g., experience) as a covariate.  

However, the mean value for session elapsed time for participants who completed 
the assigned problem differed significantly from that of those who did not. Successful 
participants averaged 147.12 seconds compared with 243.87 seconds for the others 
(F(1,26) = 5.317, p < .05). The comparison involving session elapsed time used both 
age and experience as covariates.  

Table 1. Associations between users’ characteristics and their performance 

 success time 
age -.356       .503** 

experience .318 -.184 
** p < 0.01 

Table 1 echoes these results by showing the partial correlations of the two partici-
pant characteristics (age, years of experience) with the two measures of performance 
(task success, session elapsed time). Only the correlation between participants’ age 
and the session elapsed time proved significant.  

As participants tried to complete the problem task, they moved from page to page 
through the website. Pages and the connections among them were represented as the 
vertices and edges of a graph as illustrated in Figure 1. Figure 1 abstractly represents 
one of the participants’ movements from the starting point at the “front page” (FP) to 
the point where he or she prematurely (and probably inadvertently) exited the news-
paper site (EXIT). The other vertices, unlabeled here, correspond to web pages visited 
by this participant.  

After collecting the paths followed by each of the 28 participants and constructing 
the corresponding graph in the manner depicted in Figure 1, we combined the graphs 
into a single meta–graph whose vertices represented the set of all pages visited by all 
of the participants. Its edges represented the set of all of the page–to–page transfers 
made by all of the participants.  

We partitioned the combined graph into six sets constructed algorithmically to 
minimize the number of edges connecting different partitions and to maximize the 
number of edges contained within the same partitions, while keeping the partitions 
roughly the same size. In other words, the high density of the edges connecting  
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Fig. 1. Graph of a single participant’s page sequence 

 

Fig. 2. Comparing the of each zone variable with that of experience 

 

pairs of vertices, both of which were in the same set, contrasted with the sparseness 
of the edges connecting pairs of vertices where each member was in a different set. 
These partitions resembled neighborhoods in a large city that people might have 
visited for a distinct purpose such as finding a certain kind of restaurant or explor-
ing a street fair. Each of the partitions represented a “neighborhood” or zone within 
the newspaper website where users might have gone for a particular reason. Table 2 
identifies and describes each of the six website zones. 

Each page transition placed the participants in one or another of the six zones 
listed in Table 2. Each page visited by a participant counted as a contact within the 
zone containing that page. The proportion of pages visited by a participant that were 
contained within a particular zone expressed the degree of alignment between that 
participant’s purposes or actions and the overall purpose ascribed to that zone. To 
illustrate, if 85% of a participant’s page visits came from the set labeled “guided 
incremental search”, we would conclude that the participant chose to try to solve 
the assigned problem by using the search mechanism that prompted for information 
in small chunks. As Table 2 shows, all but two of the zones, “site exit” and “empty 
set” represent a purposeful activity. Each of the two exceptions represents a condi-
tion resulting from a purposeful activity rather than an activity itself. 
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Table 2. Zone names and descriptions 

Name Zone description 
all-topic This zone presents participants with a general search engine that  

operates over all articles and features in the current and past copies of 
the newspaper. It does not provide access to current employment  
opportunities. 

combination-
direct 

This zone represents a direct search path using both selectable  
attributes and free responses to enter categorical information  
efficiently. 

keyword-
directed 

This zone involves the exclusive use of a search dialog box that  
accepts words or phrases.  

guided  
incremental 
search 

This zone represents the use of the “conversational” search tool that 
prompts the participant to choose from alternative descriptions,  
advancing the search in small increments toward a target solution. 

site exit An entry into this zone means that the participant exited the site to an 
external search engine.  

empty set Any score within this zone means that the participant constructed a 
search query that produced no results. 

5   Discussion 

Neither age nor the number of years of experience with computers significantly af-
fected whether or not a participant successfully completed the problem. We explain 
this result by considering how we decided who could participate in the study and by 
taking note of the different rates at which cognitive skills change with age. 

Participants in this study were required to have had one year of experience with 
computers and to have a computer in their home that they used. Because early prac-
tice episodes exert such a disproportionately strong influence on performance com-
pared to later ones [11] one year of experience may have provided the participants 
with the skills needed to attempt the assigned task. If so, then the requirement we im-
posed would have contributed to the dampening of the variation crucial to detect the 
influence of the amount experience on performance. Later in this paper, we will pro-
pose that to define experience simply as a quantity of time may mask the effects of 
knowledge acquired during that experience.  

The assigned problem drew heavily upon participants’ domain knowledge and, in 
particular, upon their knowledge of vocabulary concerning the task. To succeed, par-
ticipants had to categorize and re–categorize what they were looking for by using 
terms drawn from the relevant domain (e.g., “clerk”, “record”, “chart”, “logistics”). 
Because domain–related vocabulary knowledge is more robust in older adults than 
other areas of knowledge or skill [9], it may have had an effect on users success that 
may not be legitimately generalized to tasks involving maps or pictures.  

5.1   Relationships between Users’ Age, Experience and Path Selections 

Table 3 shows three of the six zones attracted older participants significantly more 
strongly than younger or more experienced ones. In particular, Table 3 reveals the 
strong positive tendency for older participants to visit the “guided–incremental” zone, 
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a set of pages that channeled participants in small steps toward the goal of their 
search. By firmly guiding them through the search, this set of pages relieved the older 
users of the resource demands brought on by navigation tasks.  

The significant negative correlation between experience and “guided–incremental” 
suggests that more experienced participants actively avoided the “guided–
incremental” zone. Moreover, the absence of correlation between experience and any 
other zone suggests that the strongest drive of the experienced participants was away 
from “guided–incremental” but not toward any other zone in particular.  

Paradoxically, older users’ frequent visits to this zone, while attesting to their pref-
erences, bore a strong negative correlation with success with the assigned task 
(r(28) = -0.506, p < .01). We observed that even though the pages in “guided–
incremental” led participants with small, low–risk steps toward their goal, a mistake 
at an early step would prove too costly to salvage the possibility of a fruitful search.  

For example, if participants selected “health care” instead of “administrative” as an 
initial rough categorization of the job, they might be asked to select from among cate-
gories such as “LPN” or “office nurse”, choices far removed from the sought–after 
target. At least part of the apparent security of the “guided–incremental” search was 
illusory. The small steps seemed to guide them to successful task completion, but only 
if they chose accurately in the early parts of their search. We observed that in a few 
cases, participants abandoned the “guided–incremental” zone for another. This is not 
surprising because its slow pace may have given participants the impression that their 
searches were not converging on a successful conclusion. If participants failed after 
having abandoned the “guided–incremental” zone, their scores would properly link 
those pages to failure but conceal how that connection was mediated by a path 
through a different set of zones proximal to failure. Older users tended to exit the 
newspaper website inadvertently and prematurely more than younger ones did (see 
Table 3). They seemed to fail to recognize indicators of the nearby boundary, such as 
links that would take them to the external search engines. Another plausible explana-
tion is that the older adults did recognize the indicators but did not consider the exter-
nal search engines to lie outside the newspaper website. (This explanation illustrates 
how knowledge gained through experience may affect behavior rather than the length 
of that experience. We explore such possibilities in a later section).  

Finally, the older users tended to visit the zone labeled “empty set”, indicating that, 
one way or another, they had carried out a search that yielded no results. We found 
older adults solved the assigned problem with roughly the same success as the 
younger adults. However, Table 3 reveals a strong positive correlation between age 
and visits to the “empty set” zone. Although their overall success rate did not differ 
significantly from that of younger adult users, the older adult participants visited 
zones associated with fruitless searches more frequently.  This implies that they often 
persevered, successfully reaching a solution in spite of one or more intervening  
failures.  

5.2   Contrasting Experience with Knowledge 

By migrating the definition of “experience” from a simple period of time to a measure 
of what users know at the end of that period, we may interpret our findings  
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Table 3. Correlations between users’ zone visit scores and their age and experience 

 all topic combination direct keyword– directed 
age .156 -.283 -.004 

experience -.264 .274 -.268 

    

 guided incremental site exit empty set 
age .522** .459** .342* 
experience -.343* -.117 -.087 

*   p < 0.05  
** p < 0.01 

differently. Defining experience as elapsed time seems simple, unambiguous and pre-
cise. However, experience defined that way is peripheral to user behavior and events. 
As Table 1 and Table 3 reveal, experience achieves a significant correlation with only 
one of the six zone visitation variables, “guided incremental,” but with none of the 
other salient measures such as path length, age, total time, or success on the task. In 
other words, the quantity of experience had nothing to do with users’ success on the 
task, the amount of time they took, how many pages they traversed, or, except in one 
case, zones they visited.  Without much exaggeration, we could say that experience 
measured as the length of a period of time has little to do with any other values.  

Principal components analysis (PCA) of all the variables confirms the tenuous  
contribution of experience to that portion of the overall variance they explain. In  
Figure 2, next to each variable name is the measure of its communality, the amount of 
variation in the extracted component structure it is responsible for. With the exception 
of experience, each variable name is strongly associated with one of the three substan-
tive components (i.e., with an eigenvalues > 1.0). We depart from conventional appli-
cations of PCA, using it not to identify and label the three components but to illustrate 
how strongly each variable relates to one or another of those components. Experience, 
on the other hand, reveals through its low commonalities how little it has in common 
with them.  

The six types of zone visits reflect differences in the users’ behaviors. In turn, these 
behaviors imply differences in the users’ states of knowledge. In other words, the six 
zone visitation variables are related to what the users know or do not know about how 
to solve the assigned problem using the web. 

While the six visitation zone variables reflect what users know, they do so only in-
directly. They are not direct measures of prior knowledge such as how to organize 
search terms or understanding what is meant by “logistical support”. Nevertheless, in 
contrast to the simplistic definition of “experience” as “accumulated time”, even such 
indirect measures are easily recognized   as being in the vicinity of familiar usage, 
such as “any forms of acquired knowledge that can influence behavior.” 

Throughout we have proposed explanations for the participants’ behaviors. For ex-
ample, we suggested that the failure to recognize a link to an external search engine 
might contribute to inadvertent exits of the newspaper site. To impute the cause for 
such inadvertent exits to having spent some number of months using computers 
would make little sense. However, we could legitimately link exiting/non-exiting to 
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knowledge of the general features of search engine interfaces gleaned from some 
number of months using them.  In contrast to the calendar-based measure of experi-
ence, those based on the type of experience (e.g., using search engines) as well its 
outcome would be expected to correlate strongly with user behaviors.   

If experience-as-knowledge comes to explain much more of users’ behavior, we 
speculate that the relationship between age and users’ behavior observed in this ex-
periment could weaken or even disappear.  

6   Conclusion 

We have presented evidence that when alternatives are available, older adults may fol-
low routes and undertake activities on a website that differ from those of younger adults. 
The ways they can differ depend on the particular alternatives presented by a website. If 
the website environment tightly regulates what users do and coaxes them down a par-
ticular path, then it is not surprising that they seem to do that same thing. Under those 
circumstances, differences in the amount of time required for primitive localized actions 
will stand out to dominate comparisons of older and younger adult users. 

In this study, older adults tended to use the least risky method of search to try to 
solve the assigned task, even as it frequently led them to failure. Older users may 
gravitate toward activities that do not support their problem–solving goals. They also 
tended to make choices that led to searches yielding no results. However, they recog-
nized that an “empty” result did not necessarily mean that nothing fit the problem 
constraints so that another try might be productive.  Older adults tended to fail to rec-
ognize the link to the external search engine for what it was, most likely because of its 
unfamiliarity.    

However, we suspect that some of the effects of age, strong as they may appear, re-
sult from the level of knowledge these users had about how to solve the assigned 
problem using the web. More research using measures of what users know rather than 
measures of how long they have used computers will properly rank the contributions 
of age, experience and knowledge to the particular choices users make at the transac-
tion level.  
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