
INTRODUCTION

Adults are increasingly using the Internet as a
primary source of news, information, and access
to services (Pew Internet & American Life Proj-
ect, 2006). However, older adults are still less likely
to report Internet usage (Pew Internet & American
Life Project, 2005) than are other age groups, and
they report more difficulties (Chadwick-Dias,
McNulty, & Tullis, 2003; Redish & Chisnell,
2004). Given the large body of literature that has
documented the age-related changes in cognition
(e.g., Craik & Salthouse, 2000; Hawthorn, 2000),
the primary research question was whether an in-
formation search interface could be designed to
specifically accommodate age-related cognitive
changes.

Abroad way to organize age-related changes in
cognition is in terms of fluid and crystallized intel-
ligence (e.g., Horn & Cattell, 1967). Fluid intelli-
gence refers to those abilities that allow individuals
to think and act in novel situations (e.g., reasoning
ability) and are thought to be unbiased by educa-
tional level or experience (Garfein, Schaie, & Wil-
lis, 1988). Example indicators of fluid intelligence
are working memory and spatial abilities. Crystal-
lized intelligence can be described as the products
of experience or education. Indicators of crystal-
lized intelligence are tests of general knowledge or
vocabulary. It has been well established that fluid
intelligence generally shows significant age-related
declines, whereas crystallized intelligence remains
stable or increases with age (e.g., Horn, 1982; Horn
& Cattell, 1967; Kausler, 1991; Schaie, 1996).
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Accommodating Age-Related Changes in
Cognition

In this study, we examined the possibility that
a computer-based task could be redesigned to spe-
cifically place more demand on crystallized abil-
ities and reduce demands on fluid abilities. Most
information search tasks examined in previous
studies (e.g., Pak, Rogers, & Fisk, 2006; Vicente,
Hayes, & Williges, 1987) utilized hierarchically
organized systems. Prior research has shown that
navigating hierarchical menu systems places de-
mands on spatial ability (Chen & Rada, 1996; La-
berge & Scialfa, 2005; Pak et al., 2006; Seagull
& Walker, 1992; Stanney & Salvendy, 1995; Vi-
cente & Williges, 1988; Vicente et al., 1987; West-
erman, 1997). The observed relationship between
spatial abilities and performance may be induced
by the need for the user to create and utilize a sys-
tem representation to guide action (Ehrlich, 1996).
In a hierarchical system, a Web page on the topic
of oranges might be located in the following hier-
archical structure:

1. Fruit
a. Melons
b. Citrus

i. Orange
ii. Lemon

2. Vegetables

The page “orange” is located under the cate-
gory of “citrus,” which is located in the superor-
dinate category “fruit.” To find the “orange” page,
users must first identify the fruit category and
subsequently drill down until they reach the de-
sired page. Each page or document has a unique
“location” within the system – that is, unless the
“orange” page is deliberately duplicated into
another category, it can be found only in that ini-
tial unique location (Weinberger, 2007). This one-
to-one relationship between menu or link and page
requires that the user know precisely the correct
link before he or she can reach the desired page.
Another example of a hierarchical system may be
the way in which some people organize files on
their computer, with folders within folders.

In comparison, information in tag-based sys-
tems is assigned tags (keywords) to organize it in-
stead of being placed into hierarchically related
categories. Some tag-inspired systems do not in-
corporate strong hierarchical relationships be-
tween descriptors or categories. Additionally, tag

systems allow a single piece of information (e.g.,
a Web page) to be assigned any number of descrip-
tors, unlike the unique-location requirement of
taxonomies.

Using the previous example, the “orange” page
might be assigned the descriptive tags fruit, citrus,
and round. To find the “orange” page, the user
would see a list of tags and could click on any of
them to reach the desired page. Browsing through
such tags may not involve moving through a hier-
archy or keeping track of higher-level categories
(and presumably will not require the creation and
manipulation of a mental model and, consequently,
will rely less on spatial abilities). This many-to-
one relationship between menu and page may
facilitate performance by relying on the individ-
ual’s ability to generate synonyms of desired con-
cepts – a vocabulary-demanding task.

It should be noted that although the tag-based
systems appear to be hierarchical menus (albeit
broad and shallow), tag retrieval interfaces differ in
a more fundamental way from hierarchical menus.
Amenu with broad breadth and little depth still has
the hierarchical menu limitation of an item being
in a single location (the page labeled “orange” can
exist only in a single category or folder). Although
files can be duplicated and placed into different
categories, this may cause problems with syn-
chronization as one file gets updated and the
other does not (Weinberger, 2007). Thus in a tax-
onomy, the user must find the proper unique cate-
gory to reach the desired page. Tag-based systems
explicitly allow information to have multiple key-
words, resulting in an increased probability that
a particular keyword generated by the user (e.g.,
fruit) is linked to the desired information. Because
of older adults’ greater vocabulary, they may be
more able to generate proper keywords than are
younger adults.

Tag-based interfaces have a comparatively flat
organizational structure as compared with taxo-
nomical interfaces. In addition, within a tag-based
interface, there is a many-to-one relationship be-
tween menu item (e.g., hyperlink) and page. That
is, pages within a Web site can be accessed from
many different tags. This is contrasted with infor-
mation in a taxonomical system, in which the rela-
tionship between menu item and page is one to one
or pages may be accessed only if the user selects
the one correct menu option. Tag-based inter-
faces may place fewer demands on spatial abil-
ities (because of the reduced need to “know where



you are” in the system) while simultaneously
increasing vocabulary demands because of the re-
liance on the ability to generate keywords.

In an attempt to more clearly define the differ-
ences between the two types of information re-
trieval systems, we previously conducted a task
analysis of information retrieval under a taxonomy
and tag-based system (Figure 1; Pak, Pautz, &
Iden, 2007).

In a taxonomy (hierarchically organized sys-
tem), when a user wishes to retrieve a Web page,
he or she starts by having a general conception of
the type of information desired (e.g., cruise in-
formation; Figure 1a, Steps 1.0 and 1.1). Next,
the user will have to identify the appropriate top-
level category or folder and, once that is selected,
will subsequently “drill down” to more specific
categories contained within the main category un-
til the items within the category are reached (Steps
1.2 and 1.3). Finally, the user can then select the
appropriate Web page. The iterative steps of 1.2
and 1.3 are hypothesized to be benefited by hav-
ing a good mental representation of the informa-
tion organization and thus be enhanced by good
spatial abilities.

In a tag-based system, as in the taxonomy sys-
tem, the user must convert his or her general con-
ception of the desired information into explicit
keywords to click (Figure 1b). However, in the tag-
based system, the user’s ability to generate and
recognize keywords or synonyms of the desired
concept may play a larger role in performance
(Steps 1.2 and 1.3). In addition, because of the
many-to-one mapping between menu option and
page, the user’s chance of generating a correct key-
word is increased, as compared with that in a tax-
onomy (in which the user must correctly select the
one category). We expect that because navigation
in the tag-based condition is dictated primarily by
the meaning of the term and less by the location
of the item, users with a high vocabulary (i.e., older
adults) would be better at the subtask of formulat-
ing these descriptors – and recognizing any syn-
onyms presented in the interface – when compared
with users who have a lower vocabulary (i.e.,
younger adults).

The goal of the current study was to compare
younger and older adults’ performance between
two information organization interfaces: taxon-
omy and tag-based. The current study examined
whether age-related performance differences on
an information search task could be reduced by in-

creasing the vocabulary requirements (an indica-
tor of general knowledge) and decreasing the spa-
tial ability requirements. Placing greater demand
on vocabulary while simultaneously reducing de-
mand on age-declining spatial abilities is expected
to result in improved information retrieval perfor-
mance for older adults (as compared with a taxo-
nomically organized system).

The tag-based system was based on cognitive
aging research and our prior analyses of infor-
mation search interfaces that suggested that older
adults’performance would improve with an inter-
face that reduced demands on spatial abilities and
increased demands on vocabulary. Vocabulary de-
mands were increased and spatial ability demands
decreased by eliminating hierarchical organization
(taxonomies) in favor of a flat, keyword-based
structure reminiscent of tag-based systems com-
mon to many Web-based applications (Web sites
such as http://flickr.com, http://del.icio.us, and
http://gmail.com).

METHOD

Participants

Fifty younger adults (23 men and 27 women)
ranging in age from 18 to 23 years (M = 19.92,
SD = 1.38) and 50 older adults (23 men and 27 wo-
men) ranging in age from 55 to 78 years (M = 67.39,
SD=5.31) completed the study. The younger adults
were undergraduate college students, whereas
the older participants were independently living,
community-dwelling older adults. All participants
reported some computer experience, with younger
adults reporting a mean computer experience
level of 4.90 (SD = 0.51, on a scale of 1–5 with 1
indicating less than 6 months of experience and
5 indicating at least 5 years of experience). The
mean computer experience level for older adults
was 4.56 (SD = 1.16). The younger participants
chose to receive either course credit or $7/hr,
whereas the older participants received $7/hr.

Materials

Ability measures. The following abilities were
assessed: perceptual speed (digit-symbol substitu-
tion; Wechsler, 1997), memory span (reverse digit
span; Wechsler, 1997), spatial orientation (cube
comparison; Ekstrom, French, Harman, & Der-
men, 1976), spatial visualization (paper-folding;
Ekstrom et al., 1976), and vocabulary (Shipley vo-
cabulary; Shipley, 1986). A shortened computer
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Figure 1. Hypothesized cognitive processes involved in navigating (a) a hierarchical taxonomy system and (b) a tag-
based system. Adapted from Pak, Pautz & Iden. (2007). Cognitive Technology, 12, 31–44, with permission.
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experience questionnaire was also administered
(Czaja, Charness, Fisk, Rogers, & Sharit, 2001).
The specific measures were chosen because they
are commonly used, reliable indicators of their re-
spective abilities (e.g., Czaja et al., 2006). General
participant characteristics are provided in Table 1.

Equipment. PC-compatible computers running
at 3.2 GHz with 2 GB of RAM were used with a
19-inch (48.3-cm) LCD monitor set at a resolution
of 1280 × 1024 pixels. Participants were seated ap-
proximately 18 inches (45.7 cm) from the monitor.

Information retrieval Web site. Ninety-six Web
pages were gathered from various sources of gen-
eral travel information on the Web. The informa-
tion was standardized so that length, text size, and
general type of content were consistent across all
pages. The travel domain was chosen because we
wanted a domain in which there might be smaller
age differences in level of knowledge (Pak, May-
horn, Stronge, & Padgett, 2002).

The Web pages were organized into a taxonomic
or tag-based system. The essential difference in
how these two conditions organize information is
illustrated in Table 2, and the user’s experience in
Figure 2. In the taxonomic condition, Web pages
were organized in a manner in which related pages
were placed into similar groups to simulate how
information is organized in common information
retrieval applications. In addition, groups of pages
could be inside higher-order groups (e.g., a group
of pages on obtaining passports could be under
the “forms” category, which itself was under the
“travel documents” category).

The organization was obtained by performing
four independent card sorts of 96 pages and merg-
ing the results. The card sorters were undergrad-
uate students and were unaware of the study
purpose. They were told to organize the pages into
the most logical groups or “folders” and that fold-
ers could contain other folders if necessary. The
USort application was used to carry out the card-
sorting activity, and EZCalc application was used
in the subsequent analysis (Dong, Martin, & Waldo,
2001). The card sorting led to the creation of six
main categories (air travel, cruise travel, general
travel tops, health and safety, passports, and train
travel), each with a varying number of subcate-
gories (see Figure 2a).

For the tag-based condition, tags were derived
from the taxonomic organization of pages by con-
verting hierarchically organized pages into those
organized around tags. Tags were generated by

converting the terms used within the taxonomic
organization such that each Web page was as-
signed one tag for each level of the hierarchical
path in which it resided (e.g., a Web page located
in the “Air Travel/Safety/Airport Security” path
was assigned the three tags “Air Travel,” “Safety,”
and “Airport Security”). The creation of tags in
this condition was not user generated (sometimes
known as “free tagging”) but experimenter gener-
ated. This method of tag creation was done to con-
trol for the type of tags given to each participant
and to equalize the type and content of information
presented between our two conditions (i.e., so that
more descriptive information would not inadver-
tently be presented in one condition than in the
other).

The main difference between the two conditions
was that in the taxonomy condition, Web pages
were accessible only if the participant reached the
single category in which it resided (e.g., in Figure
2a the “Luggage” page resided only in the “Pack-
ing” category). However, in the tag-based condi-
tion, Web pages could be accessed by selecting any
tag that was associated with the page (e.g., in Fig-
ure 2b the “Luggage” page was tagged with “Cruise
travel,” “Packing,” and “Before you Leave”).

The final experimental Web sites contained 96
pages organized hierarchically (taxonomy) or by
using keyword labels (tag based). Because the
same label terms were used across both interfaces,
the only difference between the two conditions
should be the nature of the organization scheme
and access interface. The Web site was presented
using the Firefox Web browser in full-screen mode
with all tool, status, and menus bars turned off
(Figure 2). The only navigational tools available
were a back button and a home button (in addi-
tion to the navigation afforded by the links, rep-
resented in blue on the site). The resolution of the
display permitted viewing of the screen without
vertical scrolling.

Task. There were 2 practice tasks and 30 exper-
imental tasks. For each trial (randomly presented)
the participant’s task was to retrieve specific in-
formation by browsing the Web site. Participants
browsed using the navigational interface on the left
side (tag-based or taxonomy interface) by clicking
on the blue category labels or tags. Clicking on a
category or tag displayed all of the individual Web
pages that were in that category (taxonomy con-
dition) or labeled with that tag (tag-based condi-
tion). Once the answer was identified, participants
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clicked on the answer on the Web page to end the
trial.

For example, to retrieve information in response
to “find the address to mail a passport application,”
the participant would browse through the hier-
archical categories (for taxonomy) or tags (for the
tag-based scenario) until finding the Web page that
contained the mailing address. Once the appropri-
ate Web page was found, the participant clicked on
the mailing address to end the trial. The partici-
pants then received feedback, which was followed
by the next task. Each information-retrieval task
had a specific answer that was found on exactly
one Web page, and no Web page contained an-
swers for more than one task. There was no visual
feedback or indication to identify the clickable
areas that represented the answers (i.e., no blue
underlined text or “finger” mouse pointers).

The Web application (programmed in the PHP
scripting language) ran on a local Apache-based
Web server and logged the name of the visited
page, the time spent on each page (in seconds), and
the number of times the back or home button was
clicked. Clicking the back or home button was con-
sidered an error because it indicated that the par-
ticipant mistakenly selected a page (requiring the
back button) or gave up and needed to start the task
over (home).

Design and Procedure

The study was a 2 (age group: young, old) × 2
(information organization condition: taxonomy or
tag based) factorial with age group as a grouping

variable and information organization as a between-
groups variable. Participants were randomly as-
signed to each condition. The dependent variables
were task completion time (in seconds), number
of mouse clicks made, and errors per task.

Participants (in groups of 2 to 4 people) com-
pleted the ability tests. After a short break, par-
ticipants started the information retrieval tasks.
Participants were first given a verbal description
of the task and guided in the completion of an ex-
ample task at the computer (all responses made
with the mouse in the preferred hand). During the
guided example, the participants were familiarized
with the major elements of the screen (e.g., the task
area, the navigation buttons, use of the mouse).
Participants then completed a second example on
their own, after which they were told to complete
the 30 experimental tasks quickly but as accurately
as possible. These instructions were reiterated at
the start of every task by the computer.

RESULTS

Descriptive statistics for the ability and perfor-
mance measures by age group and condition are in
Table1. Aone-way ANOVAshowed significant age
group differences on abilities, such that the younger
adults had faster perceptual speed, F(1, 99) =17.46,
p < .05, larger memory span, F(1, 99) = 30.25, p <
.05, and higher spatial visualization and orientation
abilities, F(1, 99) = 43.93, p < .05, and F(1, 99) =
12.11, p< .05, respectively, than older adults. How-
ever, older adults scored higher on the vocabulary
test than did the younger adults, F(1, 99) = 35.21,

TABLE 2: Description of the Taxonomy and Tag-Based Conditions

Condition Example Description

Health & Safety The desired page, Influenza Vaccine, is located in
a single location: within the vaccinations subcate-Before you leave gory. The page is not accessible from any of theTaxonomy higher-level categories (just as a document placedVaccinations in a subfolder is not directly accessible from a 
higher-level folder).Influenza Vaccine

Vaccinations The desired page, Influenza Vaccine, was labeled
with three different tags (“Vaccinations,” “Before

Tag based Before you Influenza Vaccine you Leave,” and “Health & Safety”), so clicking leave on any of these labels will display the Influenza 
Vaccine page.Health & Safety
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p < .05. There were no age differences in self-
reported computer experience (p = .06).

Performance (or the extent to which the partic-
ipant could complete the task quickly and with few
errors) was measured using three dependent vari-
ables: task completion time, mouse clicks, and er-
rors. Only the responses in which the participant
was able to reach the final answer were included
in the analyses. For each performance measure,
lower values indicated better performance. These
measures were combined to create a composite de-
pendent measure of information search perfor-
mance (e.g., Chadwick-Dias et al., 2003) in which
each variable was equally weighted. Creating com-
posite performance variables in the context of usa-
bility evaluation has been suggested as a way to
better express the meaningfulness of disparate us-
ability metrics (Sauro & Kindlund, 2005) as well
as to increase the stability and reliability of our
measure (Dillon & McDonald, 2001).

Before creating a composite variable, we com-
puted Cronbach’s alpha reliability coefficient be-
tween our three dependent variables (task time,
errors, and clicks) to verify that they measured a
similar, stable, underlying construct. The coefficient
ranges from 0 to 1, with higher values indicating
that a measure is reliable. In the social sciences,
measures with Cronbach’s alpha values above .7
are considered highly reliable and consistent
(Nunnaly, 1978). The value of Cronbach’s alpha
for the individual z-score-transformed dependent
measures (z scores instead of raw scores because
the procedure requires equivalent scales of mea-
surement) indicated a value of .77, validating the
combination of dependent variables into a single
composite variable.

To create the performance composite, we trans-
formed each dependent variable (task times, errors,
clicks) to similar units of measurement (z scores
with a mean of 0 and standard deviation of 1).
These normalized values were then averaged to
form a “composite performance” variable in which
lower values indicated better performance, relative
to higher values (Table 1).

A2 (age group: young, old) × 2 (condition: tag
based, taxonomy) ANOVAwas conducted on the
composite performance measure. The main effect
of age was significant, F(1, 96) = 5.96, p < .05, ηp

2 =
.06, with older adults having generally worse per-
formance (larger z-score values) than younger
adults.

Although the main effect of condition was not

significant, the interaction of age and condition
was significant, F(1, 96) = 5.13, p < .05, ηp

2 = .05,
indicating that condition had different effects for
each age group (Figure 3). The source of the inter-
action was that in the taxonomy condition, younger
adults had significantly better performance than
older adults, F(1, 96) = 7.02, p < .05, ηp

2 = .10.
However, in the tag-based condition there were
no significant age differences in performance,
F(1, 96) = .01, p > .05, ηp

2 = .00. The presence of
the Age × condition interaction suggests that the
tag-based interface could moderate age-related
differences in information search performance. To
examine why older adults seemed to perform bet-
ter with tag-based interfaces than with taxonomi-
cal interfaces, we next examined the relationships
between abilities and performance.

Correlations. Correlations were computed to
assess the relationships between abilities – specif-
ically spatial abilities and vocabulary – and com-
posite performance for each condition (Table 3).
Correlations were computed separately for each
condition. The individual measures of performance
(task time, clicks, and error rate) were all signif-
icantly correlated with the composite measure
(ranging from .67 to .92).

In the taxonomy condition, age was signifi-
cantly correlated only with task completion time
(r =.73) and errors (r = .40). The notable differences
were that in the taxonomy condition, composite
performance was significantly positively related
with age (r = .55) and negatively related with per-
ceptual speed (r = –.46), spatial orientation (r =
–.37), and visualization abilities (r = –.40). The sig-
nificant correlations with spatial ability in the tax-
onomy condition suggest that performance with
hierarchical interfaces is associated with higher
spatial ability, mirroring similar results in other
studies (e.g., Pak et al., 2006; Seagull & Walker,
1992; Sein & Bostrom, 1989).

The pattern was very different in the tag-based
condition, in which performance was significantly
negatively related to computer experience level
(r = –.45) and vocabulary (r = –.36). The signifi-
cant negative relationship with computer experi-
ence may reflect the novelty of tag-based retrieval
interfaces: The negative relationship indicates that
higher computer experience levels were related
to better performance. The significant correlation
with vocabulary supports the assumption that tag-
based retrieval interfaces may place more demands
on vocabulary skill (crystallized intelligence) and

Continued on page 625



Figure 2 (above and facing page). Illustrations of each condition. (a) Taxonomic navigation condition. (b) Tag-based
navigation condition. Instructions about the information to be retrieved were presented at the top, and the navigational
tools (home and back button) and tags were presented on the left side. The active Web page was in the center.

1. Start screen with task (cropped image).

2. The correct answer is contained on the Web
page “Luggage.” Because that page can be
reached only from the “Packing” category
(shaded on left), the user had to click on
that category to reach the “Luggage” page.

Parent categories (e.g., air travel, cruise
travel) could be clicked but told the user that
no pages existed in that parent category.

The correct Web page is highlighted for
illustrative purposes in a black box.

3. After clicking on the “Luggage” page, the
user searches and clicks on the answer
(“Each guest is allowed to bring up to 200
pounds”).

(a)
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How much luggage can you take on a auise ship? 

Categories: 
Air Travel 

r
Airport Security 
L packing 
In-Flight 

Dining 
t Entertalnment I [ Movies 

Music 
Cruise Travel 

f 
Before you Leave 
L Packing 

On the Ship 
f.-Entertainment I f-Daytlme Ship 

Instructions 
Please find the answer to the question above. 

Please work as quickly as you can without making mistakes. 

How much luggage can you take on a cruise ship? 

Categories: 
Air Travel 

r
Airport Security 
L packlng 
In-Flight 

fDining 
Entertainment 

L Muslc 
Cruise Travel 

f 
Before you Leave 
L Packing 

On the Ship 

I r Ship 

Web pages in this Category: 

I• Luggage I 
• Men's Cruise Clothing Packing List 
• Women's Cruise Clothing Packing list 

How much luggage can you take on a auise ship? 

41 
bad< 

Categories: 
Air Travel 

r
Airport Security 
L packing 
In-Flight 

Dining 
t Entertalnment 
I 

L Muslc 
Cruise Travel 

f 
Before you Leave 
L packlng 

On the Ship 
f.-Entertainment I f-Daytime Ship 

Luggage 
Each guest Is allowed to bring up to 200 pounds of luggage onboard the ship. Keep In mind that airlines may charge for 
excess or oversize luggage. Charges Incurred for excess or oversize baggage are the sole responsibility of the passenger. 
Each airline has a different limit on the amount of luggage they allow. Please contact your respective airline to check 
their baggage allowance. 

Aside from the obvious (and Illegal) Items not allowed onboard, there are other Items we cannot accommodate onboard. 
Prohibited Items: 

• Bicycles 
• Surfboards 
• Skateboards 
• Hockey sticks 
• Personal alcohol 
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1. Start screen with task (cropped image).

2. The correct answer is contained in the Web
page “Luggage.” Because that page has
“Cruise Travel,” “Packing,” and “Before 
you Leave” as its tags, the user could click
any of those tags to reach the page.

The correct Web page is highlighted for
illustrative purposes in a black box.

3. After clicking on the “Luggage” page, the
user searches and clicks on the answer
(“Each guest is allowed to bring up to 200
pounds”).

(b)

How mum luggage can you take on a auise ship? 

• back 

Labels: 
Accomodatlons 
Air Travel 
Alrpott Security 
Applying 
At the Station 
Before you Leave 
Children 
Communication 
Cruise Travel 
Daytime Ship Activities 

Instructions 
Please find the answer to the question above. 

Please work as quickly as you can without making mistakes. 

How much 1-.,.. you l:llloe o• 

w eb pages in this category: How much luvu.e can yuu ..-, on il cruise ship? 
How much 1-an you - o• 

-·-Aif TtliYPI 
Airport S.0.1ly 

"""'""" Al the St&UOtl 
Bdofe you teavoe .,....., 
"""""""''""' 
Deyliii'MI Ship Adtvltil5 

""""" £kKtrontc Passport -
HMtth and Solvty ...... 
11>-f--........ -""""' NighttlmeShip 
ActMt!O> 

-"'" Onttw!Stlip 
On ..... ........ .. ,,_.,. ..... -

• &!fOfO You Lae'o'tl 
• CNtse Atttfe 
• Crt.oiYShipS..Ufty 

'""""""' • fitneu 
• Quia 'ra¥01 
• Guests Guklellnes 
• Internet S.'lieft on U. Sh 

ClotNng P8dd 
• On-6orlfd Ctilno 
· """'-"c:.df 
• onboardPMUM 

• Pa'liOI\M Flotation DPrlatl; 

• Rock Clmbing 
• Tr...- OooJrnenOotim 

• -,._ - ·-"-Tr.lll'f!l -lWOfO. you UNWO ,. ..... 
"""""""""""' OU....l ..... 
Oreytlmf'SNpAc::ttvft1ts ....... --tntllllltairvMnt 
<ierMifaJ 1rawlllp5 
Kcalth and Safety ....... 
In-mont ·----. 
'""" H•ghttlma Ship 
ActivitieS _....,. 
On thP Ship 
On .... ·-. ........ .... 

Web p&9eS In this C.tegof'y: 

. ._...-. 
• What You Hoc!d to Bring 
• Womf'n's Croke ClottWno p, 

E. .! ... ...., -A>T-
Nfpart S.UOty 

At the Station 
kfOte JOU leave ,. ...... """'""--Dlrytirn.ShipAE.t.ivitia ...... 
Uecllontc P&sspolt .............. 
Entmai...nent 
C.erwAI Tmof'l Tips 
Healthbfw;$Sitfety ....... 
ln-tlloghe: .......... 

Web P"tVCS In this Category: 

• Defore You tRaWl 
• Common bdon! TntemattonM 
• E....openTrlttn Tr6Ye'l 

• Online OJedl tn 
• Pnt-Oepwwro OMiddtst ·--• s- • m.:iical puim;sional 
• TntlnR.outes 

• Tfii"'QQIkNIIItl 1- rc. SWdlllnts Stuctytng Ablo&d 
• Vecdnatlons tor me cartbbean 
• Wtlll*l'S CruiM Oothlln§l P...ting lbt 
• YQ!k)w fevw-Vacdne 

How mum luggage can you take on a auise ship? 

home 

labels: 
Accomodatlons 
Air Travel 
Airport Security 
Applying 
At the Station 
Before you Leave 
Children 
Communication 
Cruise Travel 
Daytime Ship Activities 
Dining 
EleetTOnlc Passport 
Emergencies 
Entertainment 

Luggage 
Each guest Is allowed to bring up to 200 pounds of luggage onboard the ship. Keep In mind that airl ines may charge for 
excess or oversize luggage. Charges Incurred for excess or oversize baggage are the sole responsibility of the passenger. 
Each airline has a different limit on the amount of luggage they allow. Please contact your respective airline to check their 
baggage allowance. 

Aside from the obvious (and Illegal) Items not allowed onboard, there are other Items we cannot accommodate onboard. 
Prohibited Items: 

• Bicycles 
• Surfboards 
• Skateboards 
• Hockey sticks 
• Personal alcohol 
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TABLE 3: Correlations Between Abilities and Performance by Condition

1 2 3 4 5 6 7 8 9 10 11

Taxonomy (N = 50)
1 Age —
2 Computer experiencea –.25 —
3 Perceptual speedb –.57 .03 —
4 Memory spanc –.27 –.03 .21 —
5 Spatial visualizationd –.57 .27 .32 .24 —
6 Spatial orientatione –.41 .11 .41 .45 .31 —
7 Vocabularyf .52 –.31 –.31 .02 –.33 .03 —
8 Task completion time .73 –.09 –.61 –.32 –.53 –.48 .19 —
9 Clicks .16 –.07 –.19 .07 –.16 –.08 –.19 .46 —

10 Errors .40 .04 –.28 –.28 –.15 –.41 –.10 .58 .61 —
11 Composite performance .55 –.06 –.46 –.22 –.37 –.40 –.01 .86 .80 .84 —

Tag Based (N = 50)
1 Age —
2 Computer experiencea –.15 —
3 Perceptual speedb –.28 .00 —
4 Memory spanc –.21 –.01 –.13 —
5 Spatial visualizationd –.55 .11 .13 .36 —
6 Spatial orientatione –.27 –.06 .40 .30 .62 —
7 Vocabularyf .56 .20 –.30 .14 –.02 –.03 —
8 Task completion time .53 –.55 –.19 –.31 –.51 –.27 –.05 —
9 Clicks –.24 –.28 .13 –.01 –.06 .17 –.45 .40 —

10 Errors –.10 –.35 .22 –.05 .04 .29 –.36 .40 .84 —
11 Composite performance .03 –.45 .08 –.13 –.18 .11 –.36 .67 .91 .92 —

Note. Bolded items indicate correlations significant at p < .05.
aTotal length of computer experience on a scale of 1 (less than 6 months) to 5 (greater than 5 years). bDigit symbol substitution (num-
ber correct; Wechsler, 1997). cReverse digit span (Wechsler, 1997). dPaper folding test (Ekstrom et al., 1976). eCube comparison test
(Ekstrom et al., 1976). fShipley vocabulary test (Shipley, 1986). For all ability measures, higher equals better performance. For the per-
formance measures, lower equals better performance.
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less on spatial abilities. Surprisingly, performance
was not significantly related to age (r = .03).

Hierarchical regressions. To determine which
variables uniquely predicted performance, we
conducted a hierarchical linear regression. In the
hierarchical regression, predictors are entered in
blocks or steps. Hierarchical regressions allowed
us to examine unique performance by statisti-
cally controlling for the influence of variables en-
tered in previous steps. Our hypothesis was that
performance in the taxonomy condition would 
be predicted by spatial abilities, not vocabulary,
whereas performance in the tag-based condition
would be predicted by vocabulary, not spatial abil-
ities, after we controlled for the influence of other
variables.

Separate regressions were conducted for each
condition (taxonomy and tag based; Table 4). Each
step in the model tested the extent to which a par-
ticular ability accounted for significant variance in
composite task performance after prior abilities
were controlled for. Total variance accounted for
is indicated by the R2, whereas the variance ac-
counted for by each newly added variable is indi-
cated in the ∆R2 column. The extent to which R2 is
increased (∆R2) indicates the importance of that
variable in predicting age-related differences in
performance. In Step 1, the first block of variables
(computer experience, perceptual speed, and mem-
ory span) was entered together because we did not
have specific hypotheses regarding the unique
variance individually accounted for by these vari-
ables (i.e., used as control variables).

In addition, perceptual speed and memory span
variables were included in the first block as prox-
ies for age-related differences in reading and mouse
movement speed. In the taxonomy condition, these
variables accounted for 26% of the variance in per-
formance. In the tag-based condition, the first block
of variables accounted for only 7% of the vari-
ance in performance. After we controlled for ex-
perience, speed, and memory span, neither spatial
visualization (Step 2) nor spatial orientation (Step
3) accounted for significant unique variance in
performance in either condition. However, vocab-
ulary (Step 4) did account for a significant incre-
ment in performance variance (15%), but only in
the tag-based condition. Finally, age was entered
into the regression model (Step 5). In the taxon-
omy condition, age was a significant predictor of
performance (11%). However, in the tag-based
condition the inclusion of age was not significant.

DISCUSSION

This study investigated whether age-related dif-
ferences in information search performance could
be improved by the use of an interface hypothe-
sized to place greater demand on crystallized in-
telligence and accumulated knowledge than on
fluid intelligence. The idea that crystallized intel-
ligence associated with increasing age can poten-
tially moderate declines in fluid intelligence is
not new (e.g., Morrow & Leirer, 1996). However,
these data suggest that the benefits of intact crys-
tallized intelligence may help older adults in an
information retrieval interface organized around
tags, as compared with a taxonomically organized
system.

In earlier work, we analyzed the cognitive pro-
cesses involved in information-searching activ-
ities using a hierarchical and tag-based system
(Figure 1). The proposed mechanism suggested
that older adults’increased vocabulary knowledge
could enhance their performance on the task of
converting goals into search terms and selecting
appropriate search terms in the interface. In addi-
tion, we believe that the presentation of information
in the tag-based interface (with the many-to-one
relationship, compared with taxonomy’s one-to-
one relationship) further enhanced the effect of
good vocabulary by reducing the need to “start
over” – that is, to restart the process by recreating
a new search term.

The regressions showed that performance in
the taxonomy condition was mostly predicted by
a combination of prior experience, perceptual
speed, and memory span, whereas performance in
the tag condition was primarily predicted by vocab-
ulary. Younger adults, with their higher perceptual
speed and memory span, were particularly well
suited for the taxonomy condition.

In addition, although the regressions did not
show that spatial abilities uniquely predicted per-
formance in the taxonomy condition, performance
was significantly correlated with spatial abilities.
Younger adults’ significantly higher spatial abil-
ities may have helped them navigate the hierar-
chy more efficiently than older adults. However,
younger adults’lower vocabulary skills may have
hindered their performance in the tag-based con-
dition and provided older adults more support.
Further, as illustrated in Figure 3 and shown in
Step 5 of the regressions, a tag-based system 
was able to reduce the predictability of age on
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performance, as compared with a taxonomically
organized system.

In the taxonomy, pages were accessible from
only a single location (menu option). This one-to-
one relationship between menu and page is con-
trasted with the tag-based condition, in which the
relationship between menu options and pages was
many to one. Thus, participants who had better vo-
cabulary may have been more likely to be able to
formulate the correct tag or keyword, search for
the specific tag, and reach the desired page in the
tag-based condition than in the taxonomy condi-
tion (see Figure 2b).

Although the taxonomy condition was hypoth-
esized to demand high spatial abilities, the regres-
sions showed that this was not the case after we
controlled for more basic abilities. Spatial visual-
ization or orientation did not account for signifi-
cant unique variance in performance, although
performance in the taxonomy condition was sig-
nificantly correlated with spatial ability.

This may be attributable to the design of the
condition. In prior research in hierarchical menu
searching, items contained within the hierarchy
were hidden (i.e., users first had to select an item
to view its contents). In the current study, to equal-
ize the presentation of information, all menu items
were fully expanded. This is illustrated in Fig-
ure 2a, in which the menu and submenus are fully
visible by default. In this configuration, spatial
ability and memory demands may have been re-
duced. Nonetheless, performance differences were
observed between conditions. Although spatial
ability did not predict performance in either con-
dition, as we hypothesized, vocabulary was pre-
dictive of performance in the tag-based condition
only – and older adults’increased vocabulary may
have allowed them to use the tag-based interface
more efficiently than the taxonomy interface.

Concerning the role of crystallized intelligence,
we specifically chose a task domain that was hy-
pothesized to be similar in familiarity for both age
groups (travel information). Although our pre-
vious study showed that both younger and older
adults conceptualized travel information similarly,
this finding should be validated in future studies.
More generally, given the current results, a strong
hypothesis that may follow is that under conditions
where older adults have relatively more knowl-
edge of a topic than younger adults, performance
benefits in a tag-based condition should be even
greater (i.e., older adults should perform better

than younger adults). Future studies should ex-
amine how the current findings are modified in
a domain presumed to be more familiar to older
adults (e.g., health or financial information).
Under these conditions, older adults may be more
able to draw upon their domain knowledge to help
them find information.

Finally, this study was concerned primarily
with the situation in which a visitor to a Web site
encountered information that had already been
organized (in a taxonomy or tag-based system)
and participants in the study had no input. It is im-
portant to note that this type of condition may rep-
resent an idealized situation in comparison with
production tag-based systems used on the Inter-
net. Thus, we are limited in our ability to make
specific design recommendations.

In many systems, participants are able to gen-
erate their own tags or taxonomies. Our prior study
(Pak et al., 2007) showed a modest retrieval per-
formance advantage (fewer mouse clicks) when
younger adults generated their own tags as com-
pared with when they generated their own taxon-
omy. However, young adults took longer to initially
organize information when using a tag-based sys-
tem, compared with a taxonomy. Given the cur-
rent findings, future studies should examine how
information organization and retrieval performance
is affected when older adults organize the infor-
mation themselves by applying their own tags.

CONCLUSION

To maximize successful access to information
technologies, older adults must be able to use
computer-based systems quickly and efficiently.
The current results demonstrate that some aspects
of older adults’information retrieval performance
may be enhanced when the information is orga-
nized around a tag-based system that places more
demand on vocabulary knowledge. It is premature
to suggest design implications, but the current
results point to the need for more research exam-
ining the specific conditions under which older
adults’information search performance can be en-
hanced.
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