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NAVIGATING IN HYPERSPACE:
DESIGNING A STRUCTURE-

BEASED TOOLBOX

Ehud Riviin, Rodrigo Borafogo, and Ben Shneidermaon

s more banks and other doc-

wmnents become available in

clectronic Torm, the use al

hypertext systems is becom-

ing more ¢common. Bul as

the size of hypertext data-
buses grows, the “lost in hyperspace”
problem may limit efficient and
meaningiul usage of hypertext sys
tems [10, 12]. Good solutions to the
prablem need o be holistic [14]; en
compassing navigation, planning,
annotation, and 50 on.

We concentrare on rhe naviga-
tional aspects of the problem from a
structural point of view and propose
a set of taols that can help hypertext

users reduce the cognitive lnad of

navigation. Niclsen [12] describes the
user's disorientation while navigating
as “onc of the major usability prob-
lems with hypertext.” Qur louls can
sugpest answers Lo questions such as:
Where am 12! How do [ get 1o any
destination? What can be seen from
where I amn? These wols are based on
a structural analysis of the hypertext
The analysis, and the answers we get
retlect the input we are using—the
structure. We cannot get more than
what a structural analysis can give.
The results can be strengthened if
the analysis is extended ro include
textual and stylistic dimensions as

This namral extension is he-
yond the scope ol this article. The
resulls presented can be integrated
nicely with previous solutions o the
problem, like the ones that are based
on improved user interfaces (Uls),
multiple windows [11]; or maps [12].

In this article the word “hyper
text” is used 1o indicate hypertext
systems in which nodes (cards, arti-
cles, documents, . . .) and links are
untyped. and where the hypertext
can be represented hy a direcred
graph.? We describe results from
working with three different hyper-
texts created in Hyperties.? Our tool-
bax was a research prototype, and
much work remains o refine ow
sollware, integrate it with the hyper-
Lext svstem, and test the Uls.

well

Concepts and Metrics

The metrics presented  here wer
developed 1n [2] W support ettective
authoring. In this article they are
applied to support browsing an exist
ing hypertext.

A matrix that has as its entries the
distances of every node (2 nodes in
the hypertext) to every other node is
called rhe distance matvix of a graph.
Let M be the distance marrix of the
graph. The converted distance matrix is
defined as follows:

_ My
©= 1k

oM, A,

otherwise

Where K is a finite constant {the con-
version constant). Lypically K =

I'he converted out distance (CODj
tor a node is the sum of all entries in
row i in the converted distance ma-
trix (C)

con, =2 ¢,
;

The converted distance (G of 2
hypertext is given by the sum ot alf
entries in the converted distance
mMAatri

th=22¢,

!In [12] Nielsen quotes previous work in which
564 of the readers agreed (Fully ar partly) with
nn L s ofien cunfused aboul “where |

*Most ot the hypertext systems have a backup
[unuion that gives the the ability 1o go
hack 1o the last nede that was visited. This op-
tion changes the hypertext from a directed to
undirected graph. Although this fact is impor
ant from 1 u erface of view, an
analysis of the hypertext as a directed graph
{without taking into account the backup option;
reveals some propertics ol the structue,

Mlyperties is a hypertext system developed by
the Human Computer Literaction Laboratory
now distributed and improved by Cognetics
Corparation, Princeton Junction, Y]
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Lhe COD s a good indication af the
centrality of a nade within a given
hypertext. The need for normaliza-
tion leads o the definition of the rel-
ative val centradity (ROG)

ROC, = CDICOD,

A high ROC mdicates a node that
can easily access other nodes (high
out centrality). Hence, the higher the
ROC of a node the more central it is.
In a similar manner we can define
the converted in distance (CID) tor a
node i as the sum of all entries in the
colunm ¢ in the converted distance
matrix {(()

CiD, = 2 ¢,

The velative m centrafity (R1G) is cle-
fined as

RIG, = CLCID,

A high RIC indicates a node than is
easily accessible thigh in centrality).

Figure | shows a graph with the
assoriated converted distance matrix
and its COD, ROC, CLD, RIC. The
value ol K was chascn o be the numn-
ber of nodes mthe hypertext.? Node
¢ has the nghest ROC and intuitively
we see that this 15 the most central
node in the graph.

Where am I? Revealing the
Structure

A passible way 1o localize a user i a
hypertext is to impose a structure on
the hyperviext and 1o identify the
uset’s Incation wirhin that siructure.
A natwral soructure is a hierarchy,
and soime systems similar 1o KMS
require a bucrarchical strucrnre (1]
The role of hicrarchy formation in
reading is prosented in |4, 19]. Hier-
archy facilivies reading. Keaders
understand  and  learn [rom  lexts
more easily when the intormation is
set out in well-detined structures
Empirical studies of reading compre-
hension also snggest [4] that when
readers are given the responsibility
of selecting whar text to read, they

may sequence  the information
#The higher the value of K, the more cemeal is
the: requirement that a nede needs o reach all

the other nodes i order to have high ROC, See

[2].

poorly or omit important informa-
tion altogether. In [2] we proposed
an algorithm for hierarchization of
hypertexts  during the aurhoring
process. The hierarchizarion process

15« two-phase algocithm: lirst a root
15 dentilied, and then hicrarchical
and cross-refe
guished.

A good candidate for o root s a
node with a bigh ROC. Tntuively
this is 4 node that can aceess a large
number of nodes and the distance
from it to other nodes is small. In
order for the algorithm to give
meaningfi alts, a “noise re
moval” process should precede the
ROG computation. In this process we
remove index nodes, ie. nodes that
point 1o a very large portion of the
noces in the hypertext.” Afrer rhis
pracess the nodes sorted using
the ROC as a key. The system can

we links are distin-

suggest the top-ranked node as a
rool, and the user can accept or sclect
any wlternative node.

The differentiation beuween hier-
archical and cross-reference links is
done wirh a v ion o cth, firsi
searrhing ro maintain nodes as close
to the ront as possible. Figure 2
rion

shows a graph and its hievarchi
using node ¢ as the root, Hierarchical
links are represented with

normal

lines, while cross-reference luks are
represented with dashed lines. Note
that @ node which has two parents
from the same level appears twice
{i.c., node f). In this case redundant
subtrees were created. This situation
raises the oprion lor two semantic
imterpretations for node f: one as
part of the subtree headed by node a,
the part of the subtree

other as
headed by e

Onee a lucrarchy has been found,
it is nnportant to show it o the user
in a reasonable way., One option is o
display the core generaled  tree
[his option might oot be practical
tor a hypertext with a kuge number
of nodes {(viewability 1s also a func-

f owe define a w o be dhe mean of

autdegrees of the nades in the hypertext, an
index node is defned w be & node whose
outdegrer in greater tan e plus some pred

tined threshald. In arder 10 e a trleant
take out reference nodes as
sdes are ina certain way e
neel simi-

slruciure we c

larly on the indegree, see [#]

BB iebouwy 59400057, Mo commumenTions o TeE Acw

ton of the linearity of the tree). An
ather option might be a fisheve
ed [5] presentation. This presen
tation is based on the observation
that humans usnally represent their
own neighhorhond with grean derail,
vet the onlv representations shown
Turther away are major landmarks.
The importance of a node (the 2 -
ere interest) can be taken 1a he the
tance [ram the root. This option is

cussed later.
We applicd  the  hierarchization
algorithun o the CMSC hypertext
CMSC is w hypertext with 106 nodes
and 402 links describing the com-
puter science department at the Uni-
versity of Maryland. The hypertext
contains a description of the facilites
at the department, biographies ot the
faculty members, detuls about the
undergraduate and  the  graduate
programs as well as a description of
the courses given in the department.
In running the algorithm we identi-
fied three index nades (using as a
threshold three times the standard
deviation, which gave 18 nodes above
the threshold) and removed them.
The nede having highest ROC wus
the “Introduction” (ROC = 1,838),
The second-highest ROC was 1,000
and from there on the ROC dropped
significantly, with the 10th-highest
ROK. eoqual o 400, This reflects that
CMSC s a well-strncrured hypertexi,
e of which node

with a clear cha
the root

Sume other hypertexts we lanked
al did not have this feature. GOVAL"
[13] tor example, is a hypertest that
contains information for users who
wanl Lo become volunteer archacalo-
gists. [t contains information abow

sites, archaeology in general, accom

Insriturion. The fype
and LG Inks and is highly inrere

nected. In
this application users would use the hypertext

10 find plates wro
are intetesied in by

wl the world i which they
ning volunreer archacolo
1 touchscreen they were be able 1
pe i region ol the world or even o
v which they were inereaod
we the place was selected the nser would then
readd woext explaining U price, best tme to go
and s forth, The sysiem was ot limited w
those operations, Users hael ar their Fingertips
information whuous the sites: period of history,
mation, aml others it were




modations and so on. The hypertext
is a collaborvative work ol several
writers, wha did not have a consistent
point of view. This resulted in small
differences herween rthe candidates
for the root without any dominant
In CMSC, on the other hand,

there s a caherent structure and a

node
le clear candidate for the root

Figm'c § shows the result of ask-
ing: “Where am 177 heing at the node
COMSC 4 12—Operating . Systems.”
This node describes the ardvanced
undergraduate course (ov low-level
SysICIs

graduate)  in operating
Choosing the node “lnuoduction”
b the root, the algoritnn lound this
the

1y

node s one that belongs o
“Graduate cour Thi
one of the aght nodes directly con-
necled wothe root. 'The dusters var-
ied from laboratory bacilities to tields
ot research, University of’ Maryland,
graduate courses. The “Graduate
courses” cluster (or chapter) has six
subclusters, each representing a dit
ferent group of courses from a dif-
The node "CMSC
aling svstems” wus under

o8 cluster

lerent do
418 —Oper
the subcluster “Comp,
L the users gl the fol-
lowing anse You wre in the sulb
cluster  of  “Computer  systems
courses,” that s a subcluster of the
“Graduate courses” cluster which is
ed w the root (CIntrodonc-

E

sysleny

courses.” T

conr

An ambiguous answer is possible
when asking: “Where am 1 the
user is in the nnde “Rasenfleld, Az
riel.” According o the algorvithm the
nade is included in two subclusters,’

namely “Rescarch in computer vi-
sion” and “Center for automadion
rescirch.” which in lurn are con
neced respectively w o the clusiers
“Fields ot research™ and *Collabora
ton with industry.” This situation is
natural. Rosenfeld is working in rthe
area of computer vision, one of the
fields of research in rthe computer
science deparrment. On the other
hand, Rosenfeld is the head of the
Center Automation
The Aulte
search is supported part
dustry. These 1two views are equally

Research
ition Re-
ally by in-

fn

Center  for

“This is exactdy the case as with node [
ure 2

a a b ¢ ¢ & |copRoc
alo 1 1 2 2 6 75
. g b5 o s 5 5|0 2z
b c |t 1 0 1 1 4 1126
dle 2 1 0 1 6 75
els 3 2 1 o & 5
A co|l1 7 ¢ e g | 45
RIC |400643 5 5 '5
a
b C d
]
1

Cormpuler systams courses

Justitied, and both will be presented
1o the user (Figure 4). This kind of

armbiguity can be resolved by using
the usel
course, is 4 m,

rer of choice.
mowe present

compart an

overview map of this node (Figure 5}
The map presents all the neighbors
ol this nare at distance one, and
most ol the neighbors at distance
two, Even in a relatively soall hyper-
1ext the number ol links® can be
quite hngh {and therelore confusing

1o the reader)

*Louking at a nedde and its inmedian neighbo
hoed, defined in [12] as bocal map,
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‘s history as a guide. This. of

Flgure 1. Graph with its con-
verted distance matrix and the
associated metrics

®igure 2. Hierarchization ofa
graph

Rigure 2. Asking: Where am 1?7
when at the node "CMSC 412."
Hierarchization of the CMSC hy-
pertext. Only clusters on the
path from the rcat are pre-
sented.

iy PR S N




Resaarch in vision

Algimanas, Jehn

Faculty index

Samet, Hanan

I Doctoral dissertaticns

Rosenfeld, Azriel

Collaboratian with industry l

\|

Center for Automation Research I

Davis, Larry J\

UMIACS

Rigure 4. Asking: Where am 1?7
when at the node “'Rosenfeld
Azriel.” Two vlews that are
equally justified.

ra 5. The node "“Rosenfeld

g
AZF‘IE‘ " Its distance-1 neighbor-

hood and some nodes at dis-
tance 2.

Sclecting different nodes as a root
provides a different view of the same
hypertext. For exumple, running the
algorithm on GOVA resulted in 10
cundidates for one root. Different
perspectives resulted trom taking a
different root. Taking “Archaeologi
cal projects” to be the root we find
the node “Caesarea’s harbor” under
the cluster “Harbor archaeology”
which is connected 10 the root (Fig-
ure ). When taking “Inrraducrion”
ta be the root we find the node
“Caesarea’s harbor” under the clus-
ter “Cacsarea” which is connected o
the root. This view results from the
Smithsonian  Insttution  exhibition
being centered around excavation in
Caesarca and being called  “King
Herod's Dream.” Viewing the hyper-
text  trom  the “lotroduction,”
Caesarea was a clusler, a central part
in the presentation. Viewing trom
“Archaeological projects” Caesarea
was only another site. That is why it
was found on level 4 (and of course it
was not a main cluster).

DO foirian 1994/V0037 No i COMMUNICATIONS DR THE RCM

Using Aggregation

Aggregation s an operation that
clusters related ohjects and forms a
higher-level object. Halase |6] identi-
fies aggregation as a composition
mechanisin. A composition mecha-
nism is a way of dealing with a set ot
nodes and links as a single object. [n
a hypertext database the presence of
a link berween two articles indicates
rthere is a semantic relarion berween
rthose rwo arricles. The semantic rela-
tionship hetween the nodes is re-
flected in the strurture.

In [3] two graph-theareric algo-
rithms that identfy semante clusters
wure presented.” The algorithms an:
bascd oo [linding the biconnected
l.()l[l[JUllL'[ll!ln and ﬁlr()]lgl)’ con-
nected components'' of a graph.
First oulguing edges from  index
nodes and incoming edges Lo refer-
ence nodes are removed, and then a
reduced graph is built by breaking
the graph into its biconnected com
ponents. The algorithms are recur
sive in the sense that every bicompo



“ﬂwigmz‘ng in H_yper:.j)m'e I

nent found is tweared as  an
independent graph. These algo-
rithms give users the opton of

hreaking rhe hvpertextinto semantic
clusters. 1lsers can display the re-
duced graph and see rheir location.

In Figure 7, part of the reduced
graph of CMSC is presented, after
the first application of the bicon-
nected companents algorithm. The
algorithm davided the graph into a
central core and some subparts. A
ilar partition (central, relatively
large, core) resulted when the algo

Sa semantic clusier af hyperext is a set of
noces and links that are a’subgraph of the hy
periext graph, and the compaciness of the sub-
graph is higher than the compartess of the
whole graph. This is a sel o nodes appropriate
regation. Sve [3].

A graph G is biconnecred if it is connecred
and has no articulation points. A nade « ol a
connected graph is an artculaton poing if te
subgraph ohtained by deleting @ and all the
edges incident on « is no longer connected.
Conseyuently, biconmeeted components in
graph have the property thar theve are ar least
two paths between any two nodes in the compo
nent

"T'he same definition but lor divected graphs

L Hyperrext Hands-Onl™ is the firsr electronic
book commercially published The hyperiext
covers concepls of hypentext, ypical hypeitext
apphmlmm and currently available authoring
cms. "The hypertext also covers design and
plerentation as user interface
performance and networks, 1t has 2
aned BIE3 links.

es such

noddes

rithm was run on the HIIO [18] hy
pertext'? (see Figure 9). Users in the
node “lloward, Elman,” for exam
ple, can some different clusters
that constitute the hypertext, and
their semantic meaning (often the
reader can conceive of a meaningful
name by rerognizing
themes or terms, but this is not guar-
anteed). A second application of the
process Lo the cluster that contains
“Howard, gives
more information. Users ean see the
“Leary, D and
creale a subcluster within the
bers that constitute

common

the node Elman”

nodes “Stewart,
GW.
four facully me
the main cluster {this is actually the

gure 6. Two different answers
hemg at the node “Caesarea”

Figure 7. Part of the reduced
graph of CM5C (similar to Nielsen
dlabal maps 1121). The user isin
the node "Howard Elman,” inthe
"Research In numerical analysls”
cluster. The cluster is a reduced
graph that contains twa nades
and a subcluster.

Archaeological projects
Harbar archasalogy

Introduction
Cassarea

( Telephone directary )—( Introduction )

Research: Gomputer syslems
5 nodas

Research: Al
2 nodes

86

Research: Soltware engineering

3 nodes

nodes

Collaboration with industry

3 nodes

4 nodes

. Elman
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Resecarch: Numerical analysis 1

Research: Numerical analysis

Fontecilla

Stewart
O'Leary
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numerical analysis group). The sub-
cluster suggests existence of some
closer relationship between these two
nodes: the only full professors in the
numerical analysis group. This is an
interesting piece of semantic infor-
mation that is given by the structure.
Breaking the hypertext into clusters,
and being able to see their connec-
tions, is not only important, it might
give users a notion of their position
by using the different clusters as
landmarks.

Where am 1? Looking Around
Here, we present tools to give users
useful information about their envi-
ronment. The information is gained
by defining and analyzing metrics on
the hypertext. We use global as well
as local metrics. Global metrics are
concerned with the hypertext as a
whole, while node or local metrics
focus on properties of individual
nodes [2].

Local metrics. Depth is a simple
metric that can give users a useful
hint about their position. By defini-
tion, the depth of a node in a hyper-

text is its distance from the root. The
hierarchization algorithm imposes a
tree structure on the hypertext and
by doing so gives the depth informa-
tion.

Two interrelated local metrics are
the status and contrastatus (first de-
fined in [8]). The status is the sum of
the finite entries in the i row of the
distance matrix, and the contrastatus
is the sum of the finite entries in the
j* column of the distance matrix.
When a node has a very low status,
for example, it means it cannot reach
many of the other nodes in the hy-
pertext. When a node has very low
contrastatus it means it cannot be
reached by many nodes. The prestige
of a node is defined to be the differ-
ence between its status and contras-
tatus. Note that the prestige might
have negative values, too. Figure 8
presents the graph from Figure 1
with the values for the different met-
rics. Nodes that reach all the other
nodes in the hypertext have status
identical to their COD metric. There
is a difference between the ROC and
the status (and the prestige). Node c,

Status Prestige

® Qoo

1 1 2 2 6 5
0 inf inf inf 0 -2
1 0 1 1 4 3
inf inf 0O 1 1 -3
inf inf 1 0 1 -3

Constrastatus | 1

Figure 8. The graph from Figure 1
with the status, contrastatus,
and the prestige.

Figure 9. Part of the reduced
graph of HHO. The location of the
user is indicated by an arrow.

92 rebruary 1994/Vol 37

Main characters of

the novel
Interactive
fiction e
146 Tour - -
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Travel guide
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for example, has the highest ROC
value, but node ¢ is more “prestigi-
ous” (its subordinates are further
away).

The local metrics can be used as
guidance for readers who might find
out that after wandering about they
are located only two nodes away
from the root (depth 3). Being in a
node with low status and high con-
trastatus might suggest the use of
aggregation instead of hierarchiza-
tion as in the following example. In
“Hypertext Hands-On!” (HHO) [18]
one part of the hypertext consists of
a hypernovel, which can only be ac-
cessed through an article that intro-
duces the novel. Since the nodes in
the hypernovel can only reach a very
limited subset of the hypertext they
have low status, and since they can
only be reached through the hyper-
novel introduction they have a high
contrastatus. This suggests the use of
aggregation instead of hierarchiza-
tion (hierarchization might result in a
very deep tree). A biconnected com-
ponent analysis reveals the user’s
position in a separate cluster. Figure
9 shows part of the reduced graph of
HHO after the first iteration of the
algorithm. For users who are brows-
ing through the “Interactive fiction”
cluster, the analysis gives a crude
notion of their whereabout in hyper-
space.'> We were pleased to find the
automated metrics revealed the in-
tended structure created by the au-
thors.

Global metrics. We define two met-
rics, compactness and stratum, that in-
dicate how complex the hypertext is
[2]. The compactness varies between
0 and 1, and it is 0 when the hyper-
text is completely disconnected and 1
when it is completely connected. For-
mally'*
cp = Max — 2,2{(1.;

Max — Min

Where Max and Min are respectively
the maximum and minimum value

!3For some nodes in the interactive fiction clus-
ter, the hierarchization algorithm gave depth 9.
This is an example in which a local metric
(depth) suggests using aggregation rather than
hierarchization for a crude global view.

This is a metric that reflects the concepts of
sparse vs. rich hypertext as it is discussed in
13].



the converted distance can assume.
C;; 15 the converted distance between
nodes ¢ and j.'7

"The maximum value of the converted dis-
i gi — nC where nis the

number of nod ypertest and Cis the
maximum value an entry 1n the converted dis-
tance maliix can assuime, Usuall K, where
K is the conversion constant, The minimum i
gven by Man = (5% — ) since the minimim
distance between two

odes is 1

Stratum is a measure that indicates
wherher a “natural” order for read-
ing the hypertexr exists. Maximum
stratum is arhieved in a linear hyper-
text. I the stratum is zera the hyper-
text has no hicrarchy. Basically, the
stratum metric indicates how muoch
ol a lincar ordering there is in the
hypertext. We delime the lmear ebso-
fute presiage (LAP) ol a hypertext with

» nodes to be the absolute prestige of
a linear hypertext with » nodes. The
stratum is defined as the absolute
prestige of the hvpertext divided by
the linear absolute prestige. For ex-
ample, in Figure 8 we get 11 for the
ahsolute prestige. The linear ahso-
lute prestige is given by {(odd number
of nodes, see [2]): ¥ — n/4, that is 30,
and so the stratum is 1430 = 0,47

10. A tree map for a two-
level deep tree, The root has
three sons, and the last son has
three children. The weight as-
signed to each node, and there-
fore the area, reflects the total
number of its children and their
descendants. The weight is used
to determine the node bounding
box. The user position is indi-
cated by a black rectangle.

Figure 11. A tree map of the
CMSC hypertext after the index
and reference nodes were re-
moved. The darkened rectangle
presents the position of the user
{"’research in numerical analy-
sis*'). This particular node has five
children, and itis a child of the
node “fields of research.”” The
node on the right side, that has
31 children is "undergraduate
courses.”
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Stratum and the compaciness are
nat independent measures. For ex-
ample, if the compacrness is equal o
1 (the hypertexr is torally connerted)
its strarmm is 0.

Readers can use the metrics to get
uselul infarmation about the nature
of the hyperspace; s it dense? Is it
close w lincar {very few branches)?
the
zation ol the hypertext. Tn [2],
three  hypertext databases werc
checked: CMSC, HHO and GOVA
and  Lheir ralum  compared
‘Though HHO has more nodes than
GOVA its stratum 1s bive times as
large (0.054 to 0.011). This retlects
that [I11¢} is a well-structured hyper-
text, while GOVA is nor. Similar in-
formation can be derived tfrom com-
pactness  measurements.  These
global metrics are useful from sev-
eral points of view. First it is always
an ad vantage to know what to cxpect.
If we know, as readers, that we arc
going 1o read a very densc hyperlext,
we might consider the order of the
nodes that are read more carefully.

The stratum s a4 measure for
orgal

Figure 12. A fisheye view af the
CMSC hypertext in nodes
"Shnelderman, Ben’ and “"Hy-
perties.”

We will pur some thoughr inre chans-
ing omr parh {mave than we usuoally
do). Tn other words we assume more
responsihiliry.

Anather
kind of information is usclul stems
ftom a hypertext that is broken ino
custers. In dus case the metnes give
mforimation on the different clusters
the information we might con-
sider another break ot the hypertext
(it it is very compact), or not (it we
have high stratum). When we plan a
path through ditierent landmarks,
this information is an element we
might consider.

Using tree maps. Being able 1o im-
pose a hierarchical order on the hy-
pertext graph creates the option to
use it for presentation. Limited clis-
play spare makes the unse of wadi-
tiomal nade and link diagrams im-
practical for large trees. A novel
method lor the visualization of hicr-
archically  stuructured  indformation
culled . tree mwap is presented in [9,
17]. 'I'his is a technique tor showing
large hierarchies (up to 5,000 nodes)
compactly on the screen.

The main idea consists of dividing
the screen first in vertical sections.
Fach section represents a file or di-
rectory in the top level. Then each of

scenario [or which this

( Coliaboration with industry )

Hyperties

(Cenler for Automation RessarcH Shneiderman, Ben ) ~afiff—

( Rosenteld, Azrial j ( Research: human factors )

( Hendler, James ) ( Faloulsos, Chrisws_)

Cnsmute for advanced computer sludieéa

Introduction )

( Collaboration with induslry

( Hyperlies )*

(Cemermr Automation Research J ( Shneiderman, Ben )

QU oy 104740 17 o 2 CoMmUNICA TSRS 0 riem At

the vertical sections rhar is also a di-
rectony is divided in harvizontal sec-
rions, whirh are further divided in
vertical sections, and so forth. This
process continues until all the files
accupy some section of the screen
Color and sizc of cach file depend on
thew attributes such as date ol cres-
tion, type, and number of bytes
Since the display size is fixed, the
drawing size of each node varies -
versely with the size of the tree. The
etticient use o space allows large
hierarchies to be displayed. In Figure
10 a tree map for a simple tree (2 lev
els deep) is presented.

When showing a hyperrext, some
properties such as ROC, prestige, or
the numher of sihlings can be used 1o
determine the size of cach displayed
nade. Tn Figure 11 a uee map of the
CMSC database is presented. As a
weight measure, the size of the sub-
tree rooted at the node was picked
The color could be used as anuther
dimension to indicate any other im-
portant praperry of the node. Prop-
erties like the length in words, the
frequency of visiing by previous
users, all the nodes containing the
key word “Austria,” the in or om
degrees, the prestige, are possihl(—
candidates,

L our example the arca of cach
node depends oo the total nunber of
children and their descenduants. The
tree map revedls that a sigoificant
part of the database s dedicated w
“undergraduate courses.” It should
also be clear that the database 15 very
shallow (only 3 levels deep). This sur
prising simplicity cannot be seen by
showing a global map of the whale
hypertexr network, or hy showing
laral maps, as can he seen from Fig-
ure .

located, Most of the database (il we

consider the ext 0 be equally dis-
tributed winung the nodces) is accessi-
ble trom the nodes “undergraduate
courses” and “helds of research.”
Using (ree maps require some prac-
tice o gain familiarity, bul users can
get a clear picture of the dutabase
structure, and information about the
more significant nodes.

Fisheye views. As we stated earlier,
as the hypertext becomes larger, it is




impractical o display the entire tree.
A possible solution is to use hisheye
views [h, 18]. Turnas [5] based his
moadel on rthe observation that hu
mans usually represent their own
neighborhood with great derail, ye
their representations further away
are limited to major landmarks. Fur-
nas suggests a “degree of interest”
(MO function which assigns a value
to cach node in accardance with the
degree 1o which the user is interesrerd
in seeing that node. The DOT fune-
tion [or node x given that the reader
is in node y is delined as
DO elniy) = APEx) — Dix,y)
where APHx) is the global a frier
importance of x and Drx,y} is the dis
tance between x and y. The fisheye
view is creared after picking a thresh
old, and displaying only nodes with
DAT grearer than the threshold.
Several options exist for choasing
anr APJ. A natural selection might be
the distance from the roar. This
chnice gives (according to the thresh-
ald value) the main parts of the tree.
Another option is to take the ROC
metric and use it as APL. As men-
toned carlier, the analysis was |
ited o structural features only. Bet-
ter results can be  achieved by
combining the structural analysis
with a stylistic and content analysis.
‘This is another natural place to use
semantic information in determining
the AP'l. Another option is to use the

user behavior, such as the number of

times a node was visited, or past uses
of the hypertext by orhers.

In Figure 12 we present two fish-
eye views, one with the user in the
node “Shneiderman, Ben” in the
CMSC  hypertext, and the ather
being at the oode “Hypertics.” The
views were ereated using the prestige
metric as the AP function. Note the
ference belween the two views,
although the points of view are trom
neighboring nodes.  Users can
change the threshold value to get a
more/less detailed view. Another
opton is o change the negative
weighr thar is given to the distance.
Donbling rthe punishment on being
Far will result in showing enly nodes
with very high AP values, and rhe
immediate neighborhoad

How do | Get to Any
Destination?

Knowing where we are is a first step
roward a narural goal of getting 1o a
desired destination. Gening there at
once (jumping via an index to the
rarget node) is nor difficulr 1o
achieve. Most hypertext systems give

the pption to move directly ta a cer-
tain node (via search, or an index)
Assuming the user has some purpasc
in mind while wandering about in
the hyperspace we see the path that
the user takes toward the goal to be
L] imp(lrlm)l as gelling there. A
structural analysis ot the hypertext
can suggest some  alternatives  in
planning this path.'®

Our oolhox gives users the option
of imposing hierarchical structure on
the hypertext. Users can pick the tar
get node on the hierarchy and get
mwe kinds of paths: the shortest
(crass-reference links are allowed),
ar “follow the tree” path (shortest on
the wree, no cross-relerence links are
allowed). Being able w present se-
mantc clusters, the wolbox  gives
users the optivn o plan a path that
will bring structure into conswlera-
ton (for example bypass dense clus-
ters). Figure 9 shows part of the re-
duced graph of the HHO hypertext,
when users are somewhere in the
“interactive ficrion” cluster. For users
wha evaluate whether 1o go directly
and browse rhrough the “Travel
guide” section, rthe reduced graph
can help in making that decision.
The separation might suggest there
is not much to lose by hypassing the
care cluster.

Anather option that users have is
Lo plan a path through landmarks.
The landimarks can be viewed using a
fisheve presentation. Alternalively,
users can pick the landmarks by
checking structural metrics like pres-
tige, and plan the path through these
nodes. To carry out this alternalive
the system has to be able to suggest a

"This dircetion suits nicely in the learning sup-
port enviranment [ 7] under orienteering as well
as rambling. Hammond and Allinson present
tine need for wols which “not only support pas-
sive navigarion araund the informarion bur also
permit learners to structure the inlormation
aml the ning activities in accordance with
their requirements.” On rop of the strucmre
imposed on the hypertext the system can otfer
the wovives o meaningful (from structural point
of view) path berween rwo nodes

M zvivaring in Myperspace I

path to users that is constrained by
the landmarks the users have picked
(this can be done by a collection of
local shortest paths).

Strucrural analysis is only one di
mension to consider while planning a
path. Adding constraines from other
dimensions {e.g., content, stylistic)
makes the mission of helping users to
plan a path a complex job. This part
is left as a direction
rescarch,

for future

Conclusions

Based un experiences with building
and reading duzens of hypertexts,
plus our detailed struclural analysis
of three modest-sized hypertexis, we
conjecture that analyzing the struc-
ture of a hypertext database can give
usetul information to the traveler in
hyperspace. We presented a prelimi
nary collection of structural tools
(processes and merrics) for users of
hypertext systems. These wals can
suggest answers to such questions as:
Where am 17 How dn T ger to any
destination? What can be seen from
here looking around? The crude
positioning in the hyperspace was
based on two processes: hierarchiza-
ton and custer identification. Sev-
eral metrics were presented and used
i the preceding processes as well as
for locating landmarks and getting
global information on the bypertext
structure {e.g., compactness, stra-
tum).

We have tested our algorithms on
three modest-sized hypertexts, and
believe that scaling up to large hy-
pertexts is feasible. Our implementa-
tions were research protarypes and
much work remains o design an in-
tegrated sollwarce application. We
emphasize that the analysis, and the
answers we gel, rellect the mput we
are using—the structure. We cannot
get more than what a structural anal-
ysis can give. The results could be
much stronger if the anal were
extended to include content and the
stylistic dimensions as well. This ex-
tension, the multiconstraints path
planning, and rhe analysis of user
satisfacrion are directions for future
research. @
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