
Num Page selection method Mosaic Netscape

1 Typed URL or command line option Load Load
2 Hot-list or Bookmark selection Load Load
3 Client-dependent hard-wired page but- Load Load

tons and menus
4 HyperText link selection Load Load
5 Forward Recall Recall
6 Back Recall Recall
7 Go-List / History-List / Recall-List Recall Recall
8 Reload Revisit Revisit

Table 1: Eight ways of displaying pages, and their system semantics.
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Figure 1: Sample WWW subspace. Each subspace contains 5 pages and 4 links.

causing a traversal of pl 1 ~ pl 11 resulting in a History-

hst of {PI, P1l, PI 1I } with PI 11 the currently displayed
page. At state 4 the user recalls pl 1 from the History-

list, resulting in a change only to the current page.

At this point, pl 1 is taken to be the top of the History-

list stack. When the user loads pl 12 at state 5 (this is a

link within page pll ), the History-hst is amended, with

P111 popped off the top of the stack, and replaced by

PM2. At state 6 the user recalls P1 from the Hisfory-list
and it becomes the current page, with no change to the

History-list, and pl is taken to be the top of the stack.

At state 7 the user loads p12 (this is a link within page

Pi), and pages P1l and P112 are popped off the top of
the stack, replaced by p12.

Hence, after the user has visited only five pages using

seven navigation actions, three of the five pages are no

longer present in the History-list. To generalise, with
reference to figure 1, if a page at level i is recalled,
and a subsequent page is loaded, then all pages at level
i + 1 . . . n are removed from the History-1ist; they are
popped off the top of the stack.

Any user whose model of the History-list is tempo-

ral rather than stack-based (that is, they believe the

History-list to be a complete record of where they have

been) will find navigation behaviour unpredictable or

‘non-deterministic’. Thankfully people are remarkably
adept at working with incomplete and erroneous models

[10,1 1], but this is hardly a desirable or efficient situa-

tion, In our small usability study (described later), the

majority of subjects incorrectly predicted the recover-

ability status of pages.

Browsing Behaviour Leading to the Same Display, But
Different States

Some browsing activities can result in repeated entries
in the history list. This has the implication that the

user may be viewing a page that occurs in the history
list more than once. The effect of future navigation
operations is dependent upon the particular instance of
the page on the stack that the user is viewing.

Consider figure 2. In this case page pill contains a link
to page pl. States 1 through 3 of table 3 are identical

to those of table 2. They show previous navigation of

PI, + PI1 +. P1lI. At state 4 the loaded page is pl and in
this case it 1s accessed via a link present on P1ll. Such
a navigation results in pl appearing repeatedly in the
history list (pl’ indicating the newly created repetition).

At state 5 the user selects the link to page pl 1. This

results in a repetition of page pll in history list (denoted

PI I’). At state 6, p: 1’ is t% currently displayed page.
The user recalls pl vla the history list. No change occurs

in the history because the page was recalled. At state 7

the user loads page PI I via the link on P1, resulting in
the removal of pages pl 11, pl’ and PI 1’ from the history

list.

Consider the user action of loading pl 1 in states 5 and
7. In both states the same page is displayed to the user.

However, these are two different system states. Load-

ing pll from pl’ in state 5 results in further repetition.

163



State Current history Current Loaded Recalled Resultant History
list page page page list

1 pl {PI }

2 k} PI pll {Pi, P1l}

3 {P1>P1l} pll pill {P1>P1l)P1ll}

4 {Pi, PI1, Pill} pill pll {Pi, PII, PII1}

5 {PI, PI1, Pill} PI 1 P112 {Pi, P111P112}

6 {PI, PII, P112} pl12 PI {Pi, P1l, P112}

7 {PI, P11>P112} PI p12 {Pi, P12}

8 {Pi, P12} P12

Table2: Browsing behaviour leading toanincomplete Hzstory-list.

Level O P

J

/

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Level 1
P,,

/\

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Level 2 P Q,2
111

Figure 2: The sample WWW subspace used in Task 2. It contains an embedded link to a previously visited page.

Loading pll from PI in state 7, however, results in the
loss of pages from the history list. Note that in both
states the page display will be the same; the user will
be presented with page P1l.

The forward and back navigation operations are also af-
fected by this behaviour. For example, forward is avail-
able from pl in state 5, but not from PI’. Back is avail-
able from pl’ but not from pl.

Of course, as repetitions increase, the non-deterministic
behaviour of the system is compounded. This can be
seen by considering the presence of pll and pll, in states

6 and 7.

To summarise, ioading a page appends it to the top of
the stack regardless of whether the page is already held

within the stack. Consequently, cyclic page links (such

as the frequent 1y used ‘Back to page mm’) allow numer-

ous versions of the same page to be concurrently held on

the stack, but the the system state will be significantly

different dependent on the particular stack instance of

the page.

ADDITIONAL SHORTCOMINGS WITH SUPPORT FOR
NAVIGATION

In this section we highlight further shortcomings in the
systems under discussion. These are not concerned with
the misleading behaviour of client functions, but rather
they are concerned with the extent of navigation sup-

port. First, we discuss the clients’ limitations on the

range of pages accessible. We then consider the paucity

of user support for viewing the context and interconnec-

tions between pages within a WWW subspace.

Restricted Page Access

At any given time, each of the browser interfaces gives

immediate access to a restricted set of WWW pages. Of

course, any page within the WWW is accessible through

specification of a URL, but the page access methods 2 to

8 in Table 1 are designed to ease the burden of knowing,

remembering, and typing URLS. Often the user does not

know a specific desired destination, as demonstrated by

WWW browsing (or ‘web-surfing’).

Support for directed browsing in the clients is poor.

Once a page pl has been replaced by another page,

there is no obvious way to see the potential destina-

tions from page pl: browsing by continually spawning

windows is one option that both the clients support, but

screen real-estate is rapidly consumed. A user following

one interesting path from pl must return to pl to follow

any other interesting paths from that page. The user’s

memory is thus a critical, and highly fallible, resource

when browsing.

In Mosaic and Netscape, navigation to sibling links

(other links on the same page as a link which has been

navigated, and which are potentially of interest) imposes
overheads on the user in two ways:

1. Additional

is required

link;

2. Previously

be present

navigational activity (at least one traversal)

to display the page containing the required

visited pages may not, as we have described,

in the history list. When this occurs, users

face the cognitive overhead of deciding how to return to

the desired page.
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State Current history Current Loaded Recalled Resultant History
list page page page list

1 {} PI {PI }
2 {PI } PI pll {Pi, P1l}
3 {Pi, PI1} Pll ml] {PI, PII)P1ll}
4 {Pi, P1l, Pill} Pill pl {Pi, PII, PII1, Pi’}
5 {P1)P1l, P1117P1’} ‘ {Pi, P1l, PI1l, Pi’, P1l’}

{P1!PI1)PII1 )PI’, P1l’} L

l% 1
6 P1 {Pi, P1l, PIII, PI’, P1l’}
7 {P1>P1l, PII1, Pi’, P1l’} p] PI 1 {Pi, P1l}
8 {P1,P1l} Pll

Table 3: Browsing behaviour leading to the same displayed page but different states.

Catledge and Pitkow [2] found that selection of hyper-
links and use of the back command accounted for 93% of
all navigational activity in their study of WWW brows-
ing strategies. One explanation for this may be that
users backtrack to a page several times in order to inves-
tigate links within it. Indeed, Catledge and Pitkow com-
ment on the widespread use of a ‘hub and spoke’ brows-
ing strategy in their study. They direct page designers
to consider the dist ante of information from home pages,
and the provision of indexes to support et%cient use of
such strategies.

Well considered page design will help support users in ef-
fective and efficient navigation through the WWW [8],
but no set of page design style-guides or other tech-
niques will be adopted unilaterally across the web. We
believe that the effects of poor page design can be ame-
liorated by improved support for navigation in WWW
browsers. Improved client navigation support will also
help users browsing within well designed WWW sub-
spaces (see section on further work).

Lack of Context of Node of Interest

Mosaic and Netscape do not provide feedback about
the context of the currently displayed page within the
visit ed sub space, nor do they allow users to view al-
ternative represent ations of the subspace. In compari-
son to many currently available commercial Hypertext
systems, Mosaic and Netscape do little in providing
an appropriate presentational metaphor for navigation
through a hypertext information space.

Previous work on hypertext navigation has suggested
the use of graphical overviews to help users to situate
themselves within the hypertext [6,9]. It has also pre-
sented techniques for dynamically maintaining focus on
information of interest based on given criteria. Early
work on the application of graphical overviews in the
WWW is described in [5].

A STUDY OF USABILITY PROBLEMS WITH WWW
BROWSERS
This section describes a usability study of the problems
associated with the two WWW browsers. Specifically,
the study is concerned with investigating the potential
mismatch between the systems’ model and the users’
model of the clients’ facilities for loading and recall-

ing pages. Although users may not realise it, and may
never use it directly, the behaviour of navigational ac-
tions such as loading and recalling pages is determined
by the History-1ist. We concentrate on the aspects of
Htstory-list behaviour described in earlier sections.

The Usability Study

A small usability study was carried out to investigate the
authors’ supposition that the client behaviour, described
above, misleads users. The two parts oft he study focus
on the usage of the Back function of the browsers. This
function has been identified as the most common tech-
nique of page display using system provided navigation
functions (discounting link selection) [2].

Task 1 investigates the accuracy of users’ models of page
availability when pages are removed from the History-

hst. Task 2 investigates the accuracy of those models

when pages appear repeatedly in the History-list.

The Subjects. Eleven subjects were studied. All sub-
jects are academic staff in a university Computer Science
department, and all engage in some WWW navigation
activity at least two times per week. Although this sam-

ple is not representative of the WWW community, it

is reasonable to assume that the performance of Com-

puter Scientists should be no worse than other users.

Indeed, they might be expected to form more accurate

models of the system than other sections of the com-

munit y given the stacking nature of W W W browser’s

internal model. Subjects were allowed to use their pre-

ferred WWW browser, which in all cases was Netscape.

The WWW Subspace. The home pages of the Computer

Science department in which the subjects are employed,

and the home pages of the staff themselves, were se-

lected as the WWW subspace for both tasks. Again, it

is reasonable to assume that the subjects’ performance

should be no worse than normal when browsing pages

that they had authored. Figure 3 shows the web sub-

space navigated in the subjects’ tasks.

/identifying the Data Structure. Initially, subjects were
asked to name the data structure that best reflected the
behaviour of the History- /ist. This information reveals
whether repeated, frequent usage of the browser results
in an accurate user model of its behaviour. It also con-
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Figure 3: Sample web subspace for the usability study. The subscript values represent the ordering of the links on the
page.

textualizes subjects’ responses to questions within the

studies.

One subject used the word ‘Stack,’ one described it as

a ‘tree’, one described it a ‘double ended queue’, and

eight described it as a ‘list’ structure. Therefore, only

one subject correctly identified the implemented struc-

ture. Noticeably, the majority of subjects identified the

structure as being a form of list. This model is the one

most strongly suggested by the forward and back oper-

ations, and representation of the History-hst supported
by the browser.

Task 1: Navigating Using the Browser!! Back Button. The
subjects’ first task was to navigate through the MJWW
subspace as follows:

start at the Computer Science home page PI;
1.

traverse to the staff index page p14—by link selection ;
2.

traverse to a specified person’s page p141—by link selec-

tion; 3.

traverse to the first ‘current project’ page p141l—by link
selection; 4.

traverse back to the same person’s page p141—using the

client’s Back button;

traverse to the second ‘current

link selection;

Table 4 uses the notation to

states reached in the task.

5.

project’ page p1412—by

6.

represent the browsing

Having completed these actions (state 7), subjects were

asked to state whether the jir-st ‘current project’ page

(P1411) could be revisited using the client’s Back but-
ton. In fact it cannot be recalled, because the page
was removed from the History-1ist by loading the sec-

ond ‘current project’ page (p1~12). “ -

Two subjects confidently responded correctly,

ject unconfidently responded correctly, seven

one sub-

subjects
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unconfidently responded incorrectly and one subject

confidently responded incorrectly. Responses were

deemed to be “unconfident” when the subjects used

statements such as “Hmm, I guess it can’t be,” or “I’m

not sure, but it probably can be.” Table 5 shows the

results of Task 1.

Task 2: Navigating Using Explicit ‘Back’ Page Links, Task

2 utilised the same WWW subspace as Task 1. The

navigational activities in task 2 result in an identical

page display sequence to that of Task 1. Task 2 differed,

however, in the method of carrying out the traversal

P1411 -+ P141 in state 5. In Task 2 this is achieved by
selection of an explicit link within page p1411 to page

P141 (the actual label on the link was ‘Back to my home

page’.

start at the Computer Science home page pl;

traverse to the staff index page p14—by link selection;

traverse to a specified person’s page p141—by link selec-

tion;

traverse to the jirst ‘current project’ page p141 l—by link

selection;

traverse back to the same person’s page p141—using the

explicit ‘Back to my home page’ link on the page.

traverse to the second ‘current project’ page p1412—by
link selection:

Table 6 uses the notation to represent the browsing

states reached in the task. In this task no pages were

recalled, all were loaded.

Having reached state 7, subjects were asked to state

whether the first ‘current project’ page (p1411) could be
revisited using the client’s Back button. In fact it can
be recalled, because traversal using an explicit link loads
page p141 and appends it to the top of the stack (repre-
sented p141’).



Table 5:

State

1
2
3
4
5
6
7

Current history Current Loaded Recalled Resultant History
list page page page list

{} p] {PI }

{PI } PI p14 {P1,P14}

{P1,P14} p14 p141 {Pl ,P14, P141}

{Pl ,P14 ! P141} p141 p1411 {Pi, P14, P141, P1411}

{P1>P14, P141>P1411} P1411

{Pi, P14, P141, P1411} p,u
p141 {Pi, P14, P141, P1411}

p1412

{pi, p14, p141, p1412} p141,

{pi, p14, p141, p1412}

Table 4: System states in the usability study: task 1.

Subiect ] Initial Task I I Task 2 I-—-..
Model

Correct? Confidence Correct? Confidence

1 List No weak Yes v weak

2 T,ist, Yes W(=2 k Yes stroruz—--. --- ..----
3 Stack Yes strong Yes strong

4 List No weak No weak

5 List No strong Yes weak

6 Tree No weak Yes weak

7 List No weak Yes weak

8 List No weak No strong

9 Dequeue Yes strong No strong

10 List No weak No strong

11 List No weak No strong

Tot als 3 of 11 Correct 6 of 11 Correct
8 of 11 Incorrect 5 of 11 Incorrect

The subjects’ initial model of the History-list, responses in both tasks, and the strength of responses
tasks.

Two subjects confidently responded correctly, four sub-
jects unconfidently responded correctly, four subjects
confidently responded incorrectly, and one subject un-
confidently responded incorrectly. Table 5 shows the
result of Task 2.

Discussion. The study was a small scale, informal in-
vestigation, and is inadequate for a formal evaluation
or to enable forceful conclusions to be formed. It was
intended to test the authors’ suspicions of mismatches
between user and system models of navigation support
in WWW browsers. The study supports our suspicions.

Despite the limited ambitions of the study, its findings
are interesting. One subject (subject 3) clearly had a
correct mental model of system b ehaviour. We believe
that one other subject (subject 2) also had a correct
model (presenting correct answers in both tasks) but
was unable to articulate the underlying data-structure.
On completion of the tasks, the others, who were all fa-
miliar with the application, were surprised when shown
the stack-based navigational behaviour. This implies
that the navigation metaphor presented in the user in-
terface does not accurately or sufficiently reinforce the
systems’ underlying navigation model.

in both

One subject, whose home page had been the subject of
the task, was fascinated to find that his ‘Back to my
home page’ explicit page link had the side effect of al-
lowing subsequent pages to be navigated without losing
others from the History-list: this ‘feature’ had not been
considered when he designed the page. Of course, this
design has the disadvantage that repetitions can appear
in the History-list. Further studies into the design con-
siderations and decisions of WWW page designers may
reveal whether they are aware of the implications of dif-
ferent page design models.

The majority of subjects did not have a correct model,
and were not confident in their (knowingly incomplete)
models. No subjects investigated the history list to sup-
port their answer to the navigation question posed in
Task 1. This may imply a lack of awareness of the feed-
back provided by the History-hst with regards to the
accessibility y of pages. This is supported by Catledge
and Pitkow [2], who found that History-list access to
WWW pages accounted for a very small proportion of
all page accesses.

A learning effect accounts for some interesting obser-
vations in Task 2. There are two sides to the learning
effect. First, as a result of Task 1, most subjects found
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State Current history Current Loaded Resultant History
list page page list

1 {} PI {PI}

2 {PI }
{Pi, P14}

PI P14
3

{P1,P14}
P14

{P1>P14!P141}
P141 {Pi, P14>P141}

4 P141
{P1?P14!P141 ?P1411}

P1411 {Pi, P14!P141>P1411}
5 P1411 P141

{PI? P14!P1411P1411, P141’}
{Pi, P14>P141)P1411,P141’}

6 P141 P1412 {pl?p14, p141, p1411, p141’, P1412}
7 {pi, p14!p141>p1411 >p141’, P1412] P1412

Table 6: System states in the usability study: task 2. No pages were recalled, all were loaded.

their models to be incorrect. Although this might have
resulted in their being less confident about Task 2, the
trend is towards greater confidence. Second, in Task 2
the subjects were presented with exactly the same series
of displayed pages as in Task 1, although the underlying
system state was different. This may explain the general
increase in confidence in responses, although the major-
ity of confident responses were incorrect. Therefore, it
seems that the user models were strongly affected by
the identical page display: several users assumed (in-
correctly) that an identical set of pages would mean an
identical system state. It might also be the case that
users had modified their models in Task 2, as a result
of their experience in Task 1. The behaviour of the sys-
tem in the first context may have engendered a more
accurate model for the particular web-subspace.

FUTURE WORK

There are two directions for our future work. First, we
will undertake a larger, more rigorous user observation
study. This will reveal concrete and hopefully significant
insights into the efficacy of navigation support provided
by conventional W WW browsers. The study will inves-
tigate user models of navigation support and strategies
that users exploit when mismatches between user and
system models of navigation occur.

Second, we are currently developing an extended WWW
browser, WEB NET. WEB NET provides a graphical over-
view map that dynamically adapts to, and reinforces,
the user’s browsing actions. The user’s short-term mem-
ory is reinforced by complete and accurate external
represent at ions of visited nodes, and traversal between
pages is facilitated by direct manipulation of the graph-
ical display. Various filters of the graphical represen-
t ation enhance the user’s ability to maintain a focused
view of the rich information space.

SUMMARY
The introduction to this paper identified two implica-
tions of our anaIysis of WWW browser navigation fa-
cilities. First, that page designer-s need to fully under-
stand the navigational features of client applications in
order to best support their readers’ needs. In our small
usability study we observed one subject who had in-
advertently provided useful navigational features on his
page without knowing that he had done so. Presum-
ably many page designers fail to provide these facilities
for equally coincidental reasons. Our analysis serves to

clarify and represent more formally browser behaviour
to guide more- effective page designj

The second implication of this study was that browser
designers should consider the mapping from their model
of system behaviour to users’ models of the system. We
have noted the weak mapping from the implemented
stack-based model, to a user model of navigation that is
commonly temporal or linearly-incremental. This weak-
ness suggests that work is required to clarify the system
image in the user interface.

Neither of the browsers considered in this study present
a navigation model that strongly reflects to the network
model of the WWW. In conclusion we suggest that the
interfaces to future WWW browsers should adopt a net-
work navigation model and provide a simple set of pow-
erful navigation tools. Our current work encompasses
development of such a system, WEB NET.
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