© 1997 Computer Science Research Institute of the University of T oronto

                                                                                                              Structure and Memorability of Web Sites

                                                                                                        David Modjeska

                                                   Department of Computer Science

                                                                                          University of Toronto

                                                      Toronto, ON  M5S 3G4  Canada

                                                                                                          +1 416 978 4488

                                                                       modjeska@dgp.utoronto.ca

Anna Marsh

Department of Industrial Engineering

University of Toronto

Toronto, ON  M5S 3G8  Canada

+1 416 978 7581

chaffe y@ie.utoronto.ca

ABSTRACT

T he gro wing World-Wide Web requires scientific r e -

search to strengthen and extend design guidelines. E x -

ploratory research was undertaken to investigate the rel a -

tionship between (1) site size and structure and (2) user

navigatio n and perception. Experimental results sho wed

that strongly hierarchical sites are more usable; site size

has little effect on user navigatio n and mental models;

nodes high in the hierarchy tend to be more memorable;

and strongly hierarchical sites are perceived as smaller

than weakly hierarchical sites, other factors being equal.

Results also sho wed that str uctural land mar ks tend to be

poor predictors of behavioral land marks.

KEYWORDS

World-Wide Web, navigatio n, infor mation str ucture, Web

site design, land mar ks

INTRODUCTION

T he World-Wide Web is transfor ming b usiness and pe r -

sonal infor mation access, manip ulation, and co mmunic a -

tion, b y capitalizing on synergies between network,

graphics, and multimedia technologies. T he Web, the

world´s largest hypertext, is o ften described as ^the mu l -

timedia sectio n of the Inter net.~ In expanding fro m r e -

search laboratories to general use, the Web continues to

experience explosive gro wth. Nielsen recently estimated

its size at 40,000,000 documents and 200,000 servers

[10]. Despite many technical advances and practical d e -

sign guidelines, relatively little scientific wor k has

grounded these guidelines in sound research. Such r e -

search is required for designers and developers to unde r -

stand the principles governing Web authorship and use,

particularly fro m the perspective of Human-Co mputer

Interaction (HCI).

Web users frequently experience disorientatio n, in which

they lo se a sense of bro wsing histor y, current situation,

and future goals. Hypertext researchers have referred to

this p heno meno n as being ^lost in hyperspace.~ Accor d -

ingly, a key area for Web research is the interactio n b e -

tween str ucture and the user ´s wa yfinding activities.

T hese activities include cognitive mapping, decisio n

making, and decisio n execution [12].

T his paper will present exploratory research co nducted in

the Department of I ndustrial Engineering at the University

of T oronto. T his research investigated the effects of Web

site size and structure on user navigation and mental mo d -

els. A group of sites was chosen according to several cr i -

teria. In a multi-part experiment, a set of users then e x -

plored these sites in controlled ways. T he sites and user

sessio ns were next analyzed structurally and behaviorally.

Analysis focused particularly o n land marks, which are

distinctive nodes that feature prominently in wayfinding.

T he remainder of this paper will revie w previous research,

discuss our experiment and results, and present so me d e -

sign guidelines drawn fro m the research.

PREVIOUS RESEARCH

As virtual environments become more co mplex, a key

research questio n is the extent to which principles fro m

the physical world apply to electronic worlds. Significant

research in urban design has considered the relationship

between structure and navigation. Urban planner Kevin

Lynch conducted experiments in several cities. He sought

to identify residents´ aggregate mental maps, in order to

derive design principles [8] His research techniques i n -

cluded interviews, map sketching, on-locatio n navigation,

and expert analysis. Lynch sought to create ^imageable~

(legible) cities; he defined imageability as ^that shape,

color, or arrangement which facilitates the making o f

vividly identified, po werfully str uctured, highly useful

mental images of the environment~ [8]. Lynch´s exper i -

ments revealed five design elements that are essential for

legibility: land mar ks, paths, districts, nodes (hubs), and

edges (boundaries). I mageability is a valid goal for Web

design, particularly since legible designs are likely to be

memorable, thereb y generating strong mental models,

which should facilitate wayfinding. Research is required

to adapt Lynch´s model to electronic worlds, ho wever,

particularly with regard to the relationship between

structure and perception. In investigating this adaptation,

Lynch´s research techniques can be used as models.

Passini later extended Lynch´s wor k to consider the wa y -

finding cycle described above [12]. Note that Passini co n -

sidered paths and land marks to be the most important of

Lynch´s five design elements. Co mp lementing Lynch´s

focus on physical aspects of the environment, Passini f o -

cused on semantic ones. On the basis o f behavioral e x -

periments in co mplex urban environments, Passini pr o -
posed three new urban design elements: organizational
scheme, spatial enclosures (containers), and spatial corr e -
spondence (between design elements). Recent research b y

Darken and Silbert has co nfirmed that wayfinding princ i -
ples apply to large-scale virtual worlds [5].

Ingram and Benford have adapted Lynch´s design el e -
ments to infor mation spaces, including the Web [7]. T heir
prototype, LE ADS (Legibility for Abstract Data Spaces)
enhances o verview diagrams in database and visualization
systems. Lynchian elements are created by techniques
such as cluster analysis, nearest neighbors, cluster ce n -
troids, triangulation, and minimu m spanning trees. T he
authors report good results, which co uld be improved by
system usage statistics, such as access frequency. User
testing is needed to confir m the utility o f Lynch´s el e -
ments in these electronic enviro nments, as well as optimal
construction algorithms. Chalmers, Ingram, & Pfranger
have recently extended this research to virtual landscapes
for infor mation retrieval [4].

Canter, Rivers, & Storrs characterize user navigation in
complex database str uctures [1]. T he authors describe five
infor mation-seeking strategies to characterize user nav i -
gation topologically: bro wsing, searching, scanning, e x -
ploring, and wandering. T heir characterizations of nav i -
gational behavior are useful, and they could be extended
by correlation with (hyper media) database structure. T o
support user navigation, the authors reco mmend identif y -
ing and clarifying land marks.

In the Web domain, Mukherjea and Foley have developed
an algorithm to identify structural land marks [9]. T o d e -
ter mine whether a given node (page) is a land mar k, the
algorithm considers the number of other nodes reachable
via directional links in one or two steps: outdegree = O

(one step for ward); indegree = I (one step backward); se c -
ond-order connectedness =

SOC
 (two steps for ward); and

BSOC
                              = back second-order connectedness (two steps
backward). T he procedure has two steps, as follo ws:

1.  Calculate importance = ((O + I)
´

 wt1) + ((

SOC
 +

                         BSOC
                                                      )
                                                               ´

                                                                        wt2), where wt1 + wt2 = 1. T he best results

                         were obtained with wt1 = 0.4 and wt2 = 0.6.

2.  T he given node is a land mark if and only if

                         importance > 10% of the total number of

                         nodes.

T he value of such str uctural land mar ks depends, of
course, on the extent to which they are also behavioral or
useful land marks. T his correspondence sho uld be val i -
dated by user testing.

In one of the relatively few studies of Web bro wsing b e -
havior, Catled ge and Pitko w captured

UI
 (user inter face)

events in a Web bro wser for three weeks with many users

[3]. T he authors characterized user s as serendipitous (u n -
focussed) browsers , general-purpose ( moderately f o -
cussed) browser s, or (very focussed) searchers. Overall,
users tended to remain in a small area within a site; their
navigatio nal paths resembled a hub with spokes, on a c -
count of frequent backtracking. User s rarely traversed
more than two layers in a hypertext structure before r e -
turning to a ho me point. It is tempting to identify navig a -
tional ^hubs~ as land mar ks, who se design attrib utes are
worth investigating. Analo gous to subject observation
during real-world wayfinding, the technique of capturing

UI events is pro mising for Web research.

Recent research b y Pirolli and Card has applied principles
of biological foraging theor y to infor mation environments

[13]. Infor matio n-seeking users follo w identifiable strat e -
gies designed to maximize retrieved infor matio n (^info r -
mation diet~) while minimizing costs (^energy expend i -
ture~). Users often seek information-rich clusters, which
recall the hub-and-spoke sub-sites identified b y Catled ge
and Pitko w [3]. Further investigatio n can clarify the role,
identification, and placement of such clusters. A research
prototype named the Web Forager embodies so me of
these concepts in a Web-based VR wor kspace [2].

EXPERIMENT

In research on Web structure and navigation, these issues
have seldo m been investigated together. Moreover, lan d -
marks stand out as an important design element to which
research should be applied from several fields. Finally, it
is important to explore the adaptation of principles and
methodologies fro m the physical world to electronic ones.

With these consideratio ns in mind, we conducted an e x -
periment to explore the notion of behavioral land marks,
that is, often-visited and memorable nodes.

We selected four Web sites that represented two structural
types ˘ strongly versus weakly hierarchical ˘ and two
sizes ˘ small ver sus large. T he four sites were selected for
quality fro m the top 5% of sites rated b y Pointco m, as
well as for general interest. Structural type was dete r -
mined by inspection and automated analysis (see belo w),
and size was deter mined b y counting

HTM L
 pages. Ideal
examples of each categor y could not be found for anal y -
sis, but the current selectio n proved to be experimentally
useful. T he names, types, and sizes of the sites are d e -
scribed in the follo wing table:

 Hierarchy \ Size  Large  Small

 Strong  Travel Montana (1277 )  Nye Labs (254)

 Weak  WebMuseum (353)  Hawaii (109)

TABLE 1: Site Sizes

Applying the structural-land mar k algorithm o f Mukherjea
and Foley (see belo w), we find that the weakly hierarch i -

cal sites have a much higher percentage of land marks than

do the strongly hierarchical sites. T his difference stems,

not surprisingly, fro m the higher connectivity o f the

weakly hierarchical sites.

 Hierarchy\Size  Large  S mall

 Strong  Travel Montana (1.64%)  Nye Labs (8.26%)

 Weak  WebMuseum (78.47%)  Hawaii (79.81%)

TABLE 2: Site Structural Landmarks

After choosing the sites, we designed experimental tasks

to give the users broad and deep exposure to each site.

Subjects were given procedural instructio ns and thematic

infor mation about the sites. Five minutes of explorator y

browsing, follo wed b y ten question-based search tasks,

required twenty to twenty-five minutes to co mplete. T he

search questions were not designed to test efficiency, but

rather to move the user around each site. T he subjects

were given a questionnaire after using each site and after

using all fo ur sites. T he questions were presented in ra n -

dom order, and the order in which the subjects used each

site was balanced. Each o f twelve subjects completed fo ur

trials, one per site, for a total of forty-eight trials.

Subjects were selected for English fluency and Netscape

experience. Located b y word of mouth, they were paid

$20 for a two-hour experiment. All subjects were unive r -

sity students or recent graduates. Fo ur of the subjects

were female, and the subjects’ backgrounds were evenly

split between technical and non-technical disciplines. All

of the trials were perfor med in Netscape 2.0, on a single

Macintosh Po werPC with a high-speed connection to the

Internet backbone o f the University of T oronto.

T he site-specific questionnaire asked subjects to describe

the site; to name the distinctive pages; to recall nodes; to

draw a site map, and to name the important nodes. T he

overall questio nnaire asked subjects to comment on their

favorite experimental site, and to give guidelines about

site design on the basis o f their experiences. T he subjects

were also asked to rank the sites b y size. During bro wsing

sessio ns, each subject´s Web navigation was logged ele c -

tronically b y an AppleScript utility, which received the

EchoURL events sent at run-time to Netscape clients.

T o gather data about the str ucture o f the four Web sites,

we emp lo yed a Web crawler named MOMspider. [6] T his

crawler generated a set of four large
HTM L

 files. Amo ng

other infor matio n, each file listed site pages b y name,
UR L

(Unifor m Resource Locator), and child nodes (outgoing

links). T his infor mation sufficed to construct a reasonably

complete graph of each research site.

T he experimental results were collected, summarized, and

analyzed. T hree types of information were collected:

structural, session lo gging, and subject responses. T he

infor mation was collected on two scales, site and node.

Key items included the follo wing: str uctural ˘ land mark

identification and node level; session logging ˘ number of

visits and virtual land mark identification; and subject r e -

sponses ˘ nodes recalled, drawn, and judged important.

Subject responses also included a subjective site size

ranking. ^Level~ refers to distance fro m the root in a

breadth-first traversal; ^virtual~ sites were created for

analysis fro m user navigatio nal paths; ^nodes mentioned~

added together nodes recalled and nodes drawn; and

structural land marks were identified, as mentio ned, by the

algorithm of M ukherjea and Foley [9].

RESULTS

T wo main analyses were carried out on the experimental

data. On a site scale, the fir st analysis so ught to identify

and to explain differences between sites. On a node scale,

the second analysis co nsidered the characteristics o f b e -

havioral land mar k nodes. For this analysis, regression

analysis identified the best predictors of nodes mentioned

or judged important. Analysis o f variance (ANOVA) then

determined the node characteristics that predicted visit

frequency. No learning effects were detected. T hese st a -

tistical analyses were co mpleted with SPSS for the Ma c -

intosh; an alp ha level of 0.05 was used in all tests o f si g -

nificance reported in this paper.

T he experiment yielded a number of preliminar y results.

On a site scale, structure had a significant effect on user

navigatio n, with the strongly hierarchical sites having a

greater number of nodes accessed (F[1,23] = 127.76, p <

.001) and visited (F[1,23] = 133.53, p < .001) than did the

weakly hierarchical sites. Moreover, site structure had a

significant effect on user perception, with strongly hiera r -

chical sites being perceived as smaller than weakly hie r -

archical ones (p < .001), as sho wn in T able 3.

                                               Attribute \ Na me Travel Montana   WebM useum         Nye Labs          Hawaii

                                             Structure  Strong Hierarchy  Weak Hierarchy  Strong Hierarchy  Weak Hierarchy

                                             Number of Nodes 1277 353 254 109

                                             M ean Subject Rank 2.75 1.25 3.33 2.67

                                             Perceived Rank 3 1 4 2

                                             True Rank 1 2 3 4

                                                  T able 3: T rue versus Perceived Site Size

Finally, users´ site drawings consistently revealed a
strongly hierarchical structure, regardless of actual site
structure. Of forty-eight maps, only five sho wed any
cross-linking between str uctural branches.

On a node scale, nodes recalled, drawn, and mentioned
were highly correlated ( > .96). T he total number of visits
to a node is the best predictor of its memorability, as
measured by importance judgement and mention.  Su r -
prisingly perhaps, node level (i.e., distance fro m the root
node) predicts visit frequency better than status as a
structural land mark.

DISCUSSION

In analyzing the experimental data, we derive four general
results: the effect of site str ucture, the lack of effect of site
size, the causes o f node memorability, and errors in su b -
jective site size ranking.

Site structure significantly affected user navigation. T he
strongly hierarchical sites generated much more activity
than did weakly hierarchical ones, as measured by a c -
cesses, percentage visited, and virtual land mar ks. T his
increased activity probably compensates for the limited
horizontal paths of a strong hierarchy, which require extra
steps for inter-branch navigation. T he more numerous
structural land marks of weakly hierarchical sites did not
increase the memorability o f their nodes.

Unlike site structure, site size affected no ne of the e x -
perimental measures significantly.

As learning theor y might suggest, the mo st memorable
and judged-important nodes were tho se visited most o f -
ten. Moreover, node level better predicts judged impo r -
tance and memorability than do connectivity and status as
a structural land mark. (Because our experimental subjects
started browsing at root nodes, this result accords with the
work o f Catled ge and Pitko w, who found that users tend
to travel few links fro m their starting positio n [3].) A c -
cordingly, node level is a better predictor of status as a
virtual land mark than is status as a structural land mar k. In
weakly hierarchical sites, the algorithm used to identify
structural land marks generally finds them at lo w levels,
where connectivity is greater. In stro ngly hierarchical

sites, where connectivity is lesser, the procedure tends to
find few str uctural land marks. It appears that the alg o -
rithm o f Mukherjea and Foley [9] may not be effective for
finding behavioral land mar ks in co mmon Web site stru c -
tures.

Surprisingly, Web site str ucture seems to affect signif i -
cantly a subjective size ranking. Note that the weakly h i -
erarchical sites appear larger to users: the largest exper i -
mental site (strongly hierarchical) was judged smaller
than the smallest experimental site ( weakly hierarchical),
on account o f differences in structure. For a weakly hie r -
archical site, we could speculate that the greater number
of navigational options generates a sense of extent and
range; the converse would be true for strongly hierarch i -
cal sites. Web site designers could use this result to infl u -
ence user perceptions. A lar ge site can emplo y a strong
hierarchy, for examp le, so as to seem small and manag e -
able. A small site can use a weak hierarchy, b y contrast,
so as to seem large and exciting.

In general, these experimental results suggest that
strongly hierarchical sites have greater usability. T hey
exhibit more accesses and a greater percentage o f visits,
greater memorability, perceived smaller size, and a corr e -
spondence to user ´s mental models. It is unclear whether
strongly hierarchical sites reflect more organized and
thorough designer s, or whether these sites match innate
human perceptual and cognitive styles. T he strongly hie r -
archical sketch maps encourage the latter explanatio n, as
does Parunak´s suggestion that simpler hyper media t o -
pologies are easier to navigate [11]. T hese questions,
ho wever, can be answered only b y further research.

T he current experiment has limitations arising fro m the
small number of sites used, one for each co mbinatio n of
size and str ucture. Accordingly, the results may reflect
idiosyncratic site qualities. In general, though, these r e -
sults accord well with

HC I
 theor y and prior research fin d -
ings. In any event, this methodology and experiment were
designed for exploratory research into a relatively new
area. It is hoped that future researchers will be able to
verify and build on these findings.

CONCLUSIONS

Altho ugh explorator y, these experimental results have

three implications for Web site designers. First, site

structure can be varied between strongly hierarchical and

weakly hierarchical to influence user perceptions of site

size. Second, a strongly hierarchical structure appears

more usable than a weakly hierarchical one. A weakly

hierarchical structure´s horizontal links do increase nav i -

gational efficiency, but at the cost o f so me disorientation.

Finally, important infor mation should be placed in nodes

near a site´s root, where the node will be mo st memorable

and often visited (other factors being equal). T hese e x -

perimental results can profitably co mplement a Web d e -

signer´s intuition and training.

T his paper has described exploratory scientific research in

a relatively new area, which involves Web structure and

user wayfinding. Because of the Web´s gro wth and i n -

creasing importance, such research is essential. I n this

paper, we have discussed the importance of site structure

and node level on user wayfinding. In particular, we have

noted the advantages of strong hierarchies and high node

levels. While intuitive, these conclusions are strengthened

by exploratory research.

T his paper has also demo nstrated that str uctural lan d -

marks have surprisingly little value as behavioral lan d -

marks. Other researcher s have sho wed their co-existence

in the p hysical world [8]; the creation of structural lan d -

marks in infor matio n visualizations [7]; and the identif i -

cation of str uctural land marks o n the Web [9]. But the

current research is amo ng the first to consider the rel a -

tionship between str uctural and behavioral land mar ks in

electronic worlds. In doing so, this research provides us e -

ful guidelines for Web site designers considering issues of

structure, and location of important infor mation. Further

research is still needed in the area of Web user navigation

and perception, as well as issues o f site size and str ucture.

Finally, we have investigated a new methodology for Web

research. T his methodology co mbines graph-theoretical,

site str ucture analysis; recording and analyzing of user

navigatio n in bro wsing sessions; and extracting cognitive

maps fro m subjects via questionnaires, sketch maps, and

interviews. We hope that this methodology will be useful

for future research o n the Web and other electronic

worlds.

REFERENCES

1.  David Canter, Rod River s, and Graham Storrs,

                         ^Characterizing User Navigation through Co mplex

Data Structures.~ In Behavior and Information Tec h -

nology , Vol. 4, No. 2, pp. 93-102. 1985.

2.  Stuart K. Card, George G. Robertson, and William

York, ^T he WebBook and the Web Forager: An I n -

for matio n Workspace for the World-Wide Web.~ In

Human Factors in Computing Systems: Proceedings

of
CHI

 ’96 . New York:
ACM

, 1996.

3.  Lara D. Catled ge and James E. Pitko w, ^Characte r -

izing Bro wsing Strategies in the World Wide Web.~

In The Journal of Computer Networks and
ISDN

 Sy s -

tems , Vol. 27, pp. 1065-1073 .  Elsevier Science, 1995.

4.  Matthew Chalmers, Robert Ingram, and Christoph

Pfranger, ^Adding I mageability Features to Infor m a -

tion Displays.~ In Proceedings of
UIST

 ’96. New

York:
ACM

, 1996.

5.  Rudolph P. Darken and John L. Silbert, ^Wayfinding

Strategies and Behaviors in Large Virtual Worlds.~ In

Human Factors in Computing Systems: Proceedings

of
CHI

 ’96 . New York:
ACM

, 1996.

6.  Ro y Fielding, "Maintaining distributed hypertext

infostructures: Welco me to MOMspider’s Web.~ In

The  Journal of Computer Networks and
ISDN

 Systems ,

Vol. 27, p. 193. Elsevier Science, 1994.

7.  Rob Ingram and Steve Benford, ^Legibility E n -

hancement for Infor mation Visualization.~ In Pr o -

ceedings of
IEEE

 Visualization ’95 . 1995.

8.  Kevin Lynch, The  Image of the City . Cambridge,

Massachusetts: T he
MIT

 Press, 1960.

9.  Sougata Mukherjea and James D. Foley, ^Sho wing

the Co ntext of Nodes in the World-Wide Web.~ In

Human Factors in Computing Systems: Proceedings

of
CHI

 ’95 (Companion Volume) . New York:
ACM

,

1995.

10.  Jakob Nielsen, Multimedia and Hypertext: The Inte r -

net and Beyond . Boston: AP Professional, 1995.

11.  Van Dyke Parunak, ^Hyper media T opologies and

User Navigatio n.~ In Proceedings of Hypertext `89 .

New York:
ACM

, 1989.

12.  Ro medi Passini, Wayfinding in Architecture . New

York: Van Nostrand Reinhold, 1984.

13.  Peter Pirolli and Stuart Card, ^Infor mation Foraging

in Infor matio n Access Environments.~ In Human

Factors in Computing Systems: Proceedings of
CHI

`96 . New York:
ACM

, 1995.

14.  Pointcom, "Pointco m Web Reviews FAQ."

^http://point.lycos.co m/faq,~ 1996.