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Abstract. Web-based education enables learners and teachers ts acoéde
quantity of continuously updated educational sources.rtiemto support the
learning process, a system has to provide some fundamesatairés, such as
simple mechanisms for the identification of the collectidrtinteresting” doc-
uments, adequate structures for storing, organizing aswhlizing these docu-
ments, and appropriate mechanisms for creating persedadidaptive paths and
views for learners.

Adaptive Educational Hypermedia seek to apply the persmethlpossibilities
of Adaptive Hypermedia to the domain of education, theretanting learners
a lesson individually tailored to them. A fundamental pdrtheese systems are
the concept spaces, i.e., simple and clear visual layoutsrafepts and relations
among them.

In this paper we propose a new visual layout model in e-legrenvironments
based on the zz-structures, which are graph-centric viapahie of represent-
ing contextual interconnections among different inforioratin order to describe
the use of these structures, we present their formal analgscription in terms
of graph theory, focussing, in particular, on the formalaiggion of two views
(H and | views), and on different extensions of these notiors numbemn > 2
of dimensions. We then apply all these formal descriptiams, some particular
properties of zz-structures, to an example in the Web-badadation field.

Key words: Adaptive educational hypermedia, concept maps, zz-strestgraph
theory, e-learning.

1 Introduction

Inthe last decades, a great effort has been devoted to thsidii of knowledge through
the Web. The field of education has evolved towards this negction, developing the

so called Web-based education techniques, which enaldedessand learners to inter-
act and exchange continuously updated educational sources

Web-based education techniques are used in Adaptive Ednabitlypermedia (AEH);
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these last systems apply standard techniques of Adaptigerhedia systems][1] to the
domain of education: main task of these systems are thaamesatd diffusion of per-
sonalized learning material in order to grant lessons idd&lly tailored to the learners
[B]. A fundamental part of an AEH are the concept spacesHiéy provide an ontology
of the subject matter including the concepts and theiricahips to one another.
Concept spaces are traditionally visualized using a carmoap diagram, a downward-
branching, hierarchical tree structure, which, in mathigcabterms, can be represented
as a directed acyclic graph, a generalization of a treetstreiowhere certain sub-trees
can be shared by different parts of the tree.

Concept maps have got the double advantage of visuallyseptiag an information
map and linking it to useful material contained in a databbsarners have a referring
map to which they can come back to review previous steps,ranstly, learn how to
organize information so “it makes sense” for them. Thusntiaén purpose of concept
mapping is the representation of visual layouts that glaxahcepts and not the produc-
tion of general maps that only represent at a very high ldeet¢lations among them.

Related Works.In the literature different solutions based on traditioc@hcept maps
have been proposed [8], and suite very well small collestmfrinformation. However,
they are inadequate to capture and visualize a very largeiainod information. Some
work has been done towards this direction with the propokaiare innovative tree
visualization techniques which, on the other hand, are mditsuited to represent con-
cept maps: for example Shneiderman’s Treemaps [22] andbé&tigs Botanical trees
[@] cannot easily differentiate between relationship gmgher models (e. d.|[5], based
on hyperbolic geometry, of [23], based on S-nodes are nettatdynamically switch
from a view to another one. It is often not possible to view ¢iméire concept space
on-screen without zooming out so far that the concept aratioalship labels are no
longer readable. Similarly, the large number of relatigpstimprove the difficulty of
understanding the structure of the concept space.

In particular, in the e-learning field, there are many reasowlefine opportune structure
models for storing and visualizing concept maps:

— They allow the system to be adaptive: current approachésamis (see WebCT,
Moodle, etc.) neither support a comprehensive analysissefsl needs, demands
and opportunities, nor they support a semantic analysigx$tthus they are not
adaptive.

— They provide interoperability between different adaptsystems: this feature be-
comes not only desirable but also necessary, as it enaldagthse of previously
created material without the cost of recreating it from satrdig].

— They simplify the authoring process, in which the userieamay assume the role
of an author (see, e.g., Wikis and Wiki farms).

For all these reasons, in our opinion, it is important to ps®ENew models which bet-
ter suite the requested requirements. We will thus focusatiention on an innovative
structure, proposed i [21], the zz-structure, that ctutsis the main part of a ZigZag
system [[2D].

Previous work in this direction has shown how flexible thisisture is, and how it can
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be specialized in different fields. It has been used for thdetiog, e.g., of an infor-
mation manager for mobile phones (zz-phonks)) [18], of thediom underground train
lines and station$ [20], of bioinformatics workspaces [b®Hata grid systems_[10], of
virtual museum tourg [12], of an authoring system for el@ditt music (Archimedes)
[L3]. This structure has also been used in Web-based cofifsesorder to establish
attribute-based connections among Web documents redrigyeuthors using search
engines.

Starting from [21] and the other previously mentioned wameany informal descrip-
tions of this structure have been provided, and some pnedirgiformal description has
been proposed in [16]. However, in our opinion, a formal aochplete description of
the structure may be very useful in simplifying the compredien of the model. Nelson
itself writes: “The ZigZag system is very hard to explaimesially since it resembles
nothing else in the computer field that we know of, except @psha spreadsheet cut
into strips and glued into loops ".

Contributions of this Work The general goal of this work is to propose a formal struc-
ture for representing and visualizing a concept space. ifttdel is based both on
zz-structures and on graph theory.

Our application field is Web-based education, in whiearnersand authors(teach-
ers) have to access a wide quantity of continuously updatadational sources. The
learning process of learners, and the course creationfivatiin/organization process
of authors, can be greatly simplified by providing them tdols

1. identify the collection of “interesting” documents, fexample applying semantic
filtering algorithms|[2], or proximity metrics on the searehgine result< ]4];

2. store the found collection of documents in adequate ires, that are able to
organize and visualize concept spaces;

3. create personalized adaptive paths and views for learner

These three topics are the guidelines of our current relselarthis paper, we focus
our attention only on point 2. We assume that an author hadlection of available
documents on a given topic that have to be organized in coneayps, suitable for dif-
ferent learners. E.g., some users could be could be doirgnason a specific research
area, others could be preparing a degree thesis, and so ws\.dlthors need adequate
tools to organize documents in a concept space, and to eai@ntic interconnections
and personalized maps.

We will show how identifying and defining in an analytic waetgraph theoretical
structure of zz-structures can both provide interestisggins to educational hyperme-
dia designers (facilitating a deeper understanding of winiodel might best support
the representation and interaction aims of their systeams) to learners (offering them
support for Web orientation and navigation).

Summarizing, the novel contributions of this work are:

— a formal analytic graph-based description of zz-str@guParticular attention has
been devoted to the formalization of two views (H and | viewskesent into all
ZigZag implementations;
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— different extensions of the concept of H and | views from anbar 2 towards a
numbem > 2 of dimensions;
— a hew concept map model for e-learning environments, basedr model.

The paper is organized as follows: in Section 2, we introdbeeeader to zz-structures
and we present some basic graph theory definitions; in Se8tiave propose our for-
mal definition of zz-structures, and we use these structases reference model for
representing concept maps. Finally, in Section 4 we firgsbéhice the definition of
the standardd and| views, and then we extend this definition to the non-standard
n-dimensions views (with > 2). Conclusion and future works conclude the paper.

2 Zz-structures and Graph Theory

This section is introduced for consistency. If the readsrdhbackground on the ZigZag
model and on basic graph theory, can skip it.

2.1 An Introduction to Zz-structures

Zz-structures[|21] introduce a new, graph-centric systémmoaventions for data and
computing. A zz-structure can be thought of as a space filiddaells. Each cell may
have a content (such as integers, text, images, audio, &bt )it is calledatomicif it
contains only one unit of data of one typel[19], or it is callefirentialif it represents
a package of different cells. There are also special caledpositional that do not
have content and thus have a positional or topographicatifum

Cells are connected together with links of the same colar limear sequences
calleddimensionsA single series of cells connected in the same dimensioalisc:
rank, i.e., arankis in a particular dimension. Moreover, a disi@m may contain many
different ranks. The starting and an ending cell of a rankcailed,headcellandtail-
cell, respectively, and the direction from the starting (enyliogthe ending (starting)
cell is calledposward(respectivelynegward. For any dimension, a cell can only have
one connection in the posward direction, and one in the neygieection. This ensures
that all paths are non-branching, and thus embodies thdestrpossible mechanism
for traversing links. Dimensions are used to project défgrstructures: ordinary lists
are viewed in one dimension; spreadsheets and hierarcliieatories in many dimen-
sions.

The interesting part is how to view these structures, iteere are many different
ways to arrange them, choosing different dimensions arfdrdiit structures in a di-
mension. Arasteris a way of selecting the cells from a structurejiewis a way of
placing the cells on a scree@eneric viewsare designed to be used in a big variety of
cases and usually show only few dimensions or few steps in é@aeension. Among
them the most common are thgo-dimensions rectangular viewthe cells are placed,
using different rasters, on a Cartesian plane where therdiimes increase going down
and to the right. Obviously some cells will not fit in these tshmensions and will have
to be omitted. The simplest raster is the row and columnraste, two rasters which
are the same but rotated of 90 degrees from each other. Ascelidsen and placed
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at the center of the plane (cursor centric view). The chosdinaalled focus, may be
changed by moving the cursor horizontally and verticallyal row viewl, a rank is
chosen and placed vertically. Then the ranks related toghgia the vertical rank are
placed horizontally. Vice versa, in the column vielya rank is chosen and placed hori-
zontally and the related ranks are placed vertically. Adl¢klls are denoted by different
numbers. Note that in a view the same cell may appear in diftgrositions as it may
represent the intersection of different dimensions.

2.2 Basic Graph Theory Definitions

In the following we introduce some standard graph theoratian (see alsd [15]).

A graph Gis a pairG = (V,E), whereV is a finite non-empty set of elements called
verticesandE is a finite set of distinct unordered paifs, v} of distinct elements o¥
callededges

A multigraphis a tripleMG = (V, E, f) whereV is a finite non-empty set of vertices,

is the set of edges, arfd: E — {{u,Vv} | u,v € V,u# v} is a surjective function.

An edge-colored multigrapfs a tripleECMG= (MG, C, c) where:MG = (V,E, f) is

a multigraphC is a set of colorsg: E — C is an assignment of colors to edges of the
multigraph.

In a multigraphMG = (V,E, ), edgese;,e; € E are calledmultiple or parallel iff
f(e1) = f(e2). Thus, a graph as a particular multigraph without paratigles.

Given an edge = {u,v} € E, we say that is incidentto u andv; moreoveru andv
areneighboringvertices. Given a vertexe V, we denote wittdegx) its degree, i.e.,
the number of edges incidentxpand withdmaxthe maximum degree of the graph, i.e.,
dmax = Maxev{degz)}. In an edge-colored (multi)graph ECMG, whegee C, we
definedeg(x) the number of edges of colog incident to vertex. A vertex of degree

0 is calledisolated a vertex of degree 1 is callguéndant

A path P={v1,vy,...,vs} is a sequence of neighboring vertices®fi.e., {vi,vi11} €

E, 1<i<s—1. AgraphG = (V,E) is connectedf: ¥x,y €V, 3 a pathP = {x=
V1,Vo,..., Vs =Y}, With {vi, w11} € E, 1<k <s—1. Two verticex andy in a connected
graph are atlistance dif the shortest pattconnecting them is composed of exadlly
edges.

Finally, amx n mestis a grapfMmn = (V,E) withv; j e V,0<i<m—-1,0<j<n-1,
andE contains exactly the edgé j,vi j+1), j #n—1, and(Vv j,Viy1), i # m—1.

3 The Formal Model

In this section, we formalize the model presented_id [21}imts of graph theory. In

the rest of this paper we describe formal definitions throagimple example in the

e-learning field: an author has a collection of differentenial (e.g., books, articles,

etc.) that first wants to link through different semantichsaand then wants to merge
into a unique concept space. Books that have been publishételsame publisher,

or books on a related topic, or books that share one autr®examples of semantic
paths, which automatically generate concept maps.
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3.1 Zz-structures

A zz-structure can be viewed as a multigraph where edgeséoesed, with the restric-
tion that every vertex has at most two incident edges of threeszolor. Differently from
[18], but as mentioned ir_[17, 110], we consider undirecteapbs, i.e., edges may be
traversed in both directions. 2z-structuras formally defined as follows.

Definition 1. (Zz-structure). A zz-structures an edge-colored multigraphS (MG,
C,c), where MG= (V,E, f), andvx eV, Yk=1,2, ...,|C|, deg(x) = 0,1,2. Each ver-
tex of a zz-structure is callexkz-celland each edgez-link. The set of isolated vertices
isVo={xeV :degx)=0}.

An example of a zz-structure is given in Hi. 1. The structsi@graph, where vertices
vi,...,V14 represent different books, and edges of the same kind mmrése same
semantic connection. In particular, in this example, tfediges connect a sequence of

Fig. 1: A zz-structure where thick, normal and dotted lirgzresent three different colors.

books published by the same publisher (e.g., Elsevierjedadges group books that
have at least an author in common, finally, normal lines lipkks on the same topic
(e.g., hypermedia, algorithms, etc.).

3.2 Dimensions

An alternative way of viewing a zz-structure is a union of g#phs, each of which
contains edges of a unique color.

Proposition 1. Consider a set of colors & {c3,¢Cz,...,Cc)} and a family of indi-
rect edge-colored graphgD?,D?, ..., DI/}, where ¥ = (V,EK, f,{c},c), with k=
1,...,|C|, is a graph such that: 1) £+ @; 2) Vx € V, deg(x) = 0,1,2.

Then,S= ULC:‘1 DK is a zz-structure.

Definition 2. (Dimension). Given a zz-structure S ULC:‘1 DX, then each graph ) k=
1,...,|C|, is a distinctdimensiorof S.

From Fig.[1 we can extrapolate three dimensions, one for défgrent color (i.e.,
one for each different semantic connection). As shown in [Bjgve associate thick
lines to dimensiorDP°°K dotted lines to dimensioB2U"°" and normal lines to di-
mensionD!™P¢, Each dimension can be composed of isolated vertices (@gices
Ve, Vo, V12 in dimensiorDUth°n) of distinct paths (e.g., the three pativg, v, V3, va, Vs },
{Va4,V10,V13} and {v,v11,v14} in dimensionD"°") and of distinct cycles (e.g., the
unique cycle{vi, va, Ve, Va, Vg, V12, Vg, V1 } in dimensiorD!°Pc),
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Fig. 2: The three dimensions.
3.3 Ranks

Definition 3. (Rank). Consider a dimension'D= (V, EX, f,{c}, ¢), k=1,...,|C]| of
a zz-structure S Ul‘ngk. Then, each of the konnected components of 3 called a
rank

Thus, each ranR¢ = (VK EK, f,{cc},c), i = 1,...,l, is an indirect, connected, edge-
colored graph such that: ¥ CV; 2) EX C EX; 3) vx € VK, 1< deg((x) < 2. Aringrank
is a rankR¥, wherevx € VX, deg(x) = 2.

Note that the numbég of ranks differs in each dimensid@X, e.g. in Fig[®2, dimen-
sionDUOr has three rankg s, V2, Vs, V1, Vs }, {Va,Vi0,V13} and{vz,vi1,v14}), and di-
mensiorDP°°*has a unique rankK ¢1, V2, Vs, V4, Vs, Ve, V7 }). A ringrank is, e.g., the cycle
{V1,V3, Ve, Va4, Vo, V12, Vg, V1 } of dimensiorD!°P',

Definition 4. (Parallel ranks). Given a zz-structure-SUIC DX, m ranks R = (Vf,
E}‘, f.{ck},c), (j =1,2,...,m, 2<m< ly) are parallel rankon the same dimension
DX ke {1,...,[Cl}iff VFCV,Ef CEX vj=12,...,m and" VK =0.

In Fig.[A the three ranks of dimensi@i“t"°" are parallel.

3.4 Cells and their Orientation

A vertex has local orientation on a rank if each of its (1 om@jdent edges has assigned
a distinct label (1 or -1). More formally (see also]14]):

Definition 5. (Local orientation). Consider a rank {R= (V¥ EK, f,{cc},c) of a zz-
structure S= Ui DX, Then,3 a function ¢ : EX — {—1,1}, such thatyx e Vi¥, if
Jy,ze VX {xy}, {x,2} € EK, then d({x,y}) # gk({x,z}). Thus, we say that each ver-
tex x€ VX has alocal orientatiorin R¥.

Definition 6. (Posward and negward directions). Given an edgeb} € EX, we say
that {a,b} is in a poswarddirection from a in K, and that b is itsposward celliff
d,({a,b}) = 1, else{a, b} is in anegwardlirection and a is it;iegward cellMoreover,
a pathin rank Fk follows a posward (negward) direction if it is composed oéguence
of edges of value 1 (respectively, -1).

For simplicity, given a ranR}‘, the notation..x 2xIxx*1x+2... wherex ! represents

the negward cell ok andx*! the posward cell, describes the path composed by a
sequence of’'s negward cells, by the vertexand by a sequence &K posward cells,
Thus,x~' (x*) is a cell at distancein the negward (posward) direction, axftl= x.
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Definition 7. (Headcell and tailcell). Given a rankfR= (V¥ EX, f,{c},c), a cell x is
theheadcelbf R< iff 3 its posward cell X! and A its negward cell x1. Analogously, a

cell x is thetailcell of R¢ iff 3 its negward cell x* and 7 its posward cell x*.

4 Views

We now formalize the standard notion Hf and| views in two dimensions, and we
then propose a new definition &f andl-views inn dimensions. We also show some
interesting applications of these new higher dimensioieals.

In the following,x € R"("X) denotes the ranR"("X) related to vertex of color c,.

Two Dimensions ViewsStandard two dimensional views may be considefeand|
views.

Definition 8. (H-view). Given a zz-structure S UEle, where I = U, (REUVK),
and where R= (VK EK f {c}, ), the H-view of size & 2m+ 1 and offocusx €
V= U:k:OVik’ on main vertical dimension Pand secondary horizontal dimensiorf D
(a,b e {1,...,Ik}), is defined as a tree whose embedding in the plane is a partial

connected colored* | mesh in which:

— the central node, in positioffm+ 1), (m+ 1)), is the focus x;

— the horizontal central path (the s 1-th row) from left to right, focused in vertex
X € RE’X) is:x 9...x Ixxt1... xtP where R € R?X), fors=—g,...,+p(gp<m).

— foreach cell % s= —g,...,+p, the related vertical path, from top to bottom, is:
() 7% ()0 T () TP, where(x)! € Re, fort=—0s,...,+Ps (Js, Ps <
m).

Intuitively, the H-view extracts ranks along the two chosen dimensions. Ntk the
nameH-view comes from the fact that the columns remind the vdrbiaes in a capital
letter H. Observe also that the cgit9 (in the m+ 1-th row) is theheadcellof RE’X) if

g < mand the celk'P (in the same row) is theailcell of RE’X) if p < m. Analogously,
the cellx~% is the headcell OR?XS) if gs < mand the cellkPs is the tailcell ofR‘E‘XS>

if ps < m. Intuitively, the view is composed dfx | cells unless some of the displayed
ranks have their headcell or tailcell very close (less tinaateps) to the chosen focus.

As an example consider Fifl]l 3 left that refers to the zz-firecof Fig.[1. The
main vertical dimension i©21h°" and the secondary horizontal dimensiorDi&*°
The view has sizd = 2m+ 1 = 5, the focus isvs, the horizontal central path is
V3 2v3 Vv 1v3 2 = {v1,V2,V3,va, V5} (g, p = 2). The vertical path related ig* = vz is
(v 1) H(vz 1) (vz )t (vg ) 2= {vg, V2,3, 1} (s = 1 andps = 2), that is(v 1) 1 = vg

is the headcell of therank @gs=1 < m= 2.

Analogously to théH-view we can define the-view.

Definition 9. (I-view). Given a zz-structure S UEle, where [¥ = Uf , (REU V),
and where R= (VX, EX f,{c}, c), the I-view of size = 2m+ 1 and offocusx €
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author

author
ﬂ
N

Fig. 3: H-view andl-view, related to Fid]1.

V= U!';OVik on main horizontal dimension®and secondary vertical dimensiorP D
(a,be {1,...,I}), is defined as a partially connected colored I mesh in which:

— the central node, in positiof{m+ 1), (m+ 1)) is the focus x;

— the vertical central path (the m 1-th column) from top to bottom,focused in vertex
xe R isixU...xIxx"...x*" where R RE’X), fors=—u,...,+r(u,r <m).

— foreach cell R, s= —u,...,+r, the related horizontal path, from left to right, is:
()7 () THEOE) L ()T, where(x)! € Reg), fort = —Us,..., 45 (Us, s <
m).

Note that, the namé-view comes from the fact that the rows remind the horizontal
serif in a capital letter I. Observe also that the celf (in them+ 1-th column) is the
headcellof RE’X) if u< mand thex'" (in the same column) is theailcell of RE’X) if

r < m. Analogously, the celk~" is the headcell oR?XS) if us < mand thex™s is the

tailcell of R?Xs) if rs<m.

As example consider Fifll 3 right. The main horizontal diniemés D¢ and the sec-
ondary vertical dimension iB2Uth%" The view has sizé = 2m+ 1 = 5, the focus is
v, the vertical central path 'ns;zvglvwglvgz = {vg,V2,V3,v1,V5} (u,r = 2). The hor-
izontal path related tog = vy is (v31)71... (v31)*2 = {v1,vp,v3,va} (i.e., T = 2).

Vice versa the horizontal path related\@)l = vy is {v1,Vv2, v3} andv; is the headcell.

Finally, the horizontal path related tqz = V5 IS {V3, V4, V5, Vg, V7}.

n-Dimensions ViewsWe can now extend the known definition df and| views to
a numbem > 2 of dimensions. Intuitively, we will builch — 1 differentH-views (re-
spectively,|l-views), centered in the same focus, with a fixed main dintenand a
secondary dimension chosen among the othefl dimensions. Formally:

Definition 10. (n-dimensions H-view). Given a zz-structur&SJl‘(C:‘le, where ¥ =
U, (REUVY), and where R= (VK EX f,{cc},c), the ndimensionsH-view of size
| = 2m+ 1 and offocuss xe V = U!kzo\/ik, on dimensions BD?,...,D" is composed
of n— 1 rectangular H-views, of main dimension' Bnd secondary dimensions,D
i =2,...,n, all centered in the same focus x.
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Analogously, we have the following:

Definition 11. (n-dimensions I-view). Given a zz-structur&&@le, where ¥ =

Ui, (REUVY), and where R= (VX EK, f, {c}, ), the ndimensions -view of size I
2m+1and offocusx eV = U!k:oVik, ondimensions BD?,..., D"is composed of & 1

rectangular I-views of main dimensiontPand secondary dimensiond,D=2,....n,
all centered in the same focus x.

In Fig.[d, we can distinguish only two dimensiom3®f°k andD2author),

To display a 3-dimensionid-view we can add a new dimension (let it B&P°).
This newH-view has main dimensio®°P’¢, and secondary dimensiom¥®°°k and
pauthor To construct this view we start from Fill 1 using as focus, and we con-
sider the two central paths (FIg. 4 left), related to the tecamidary dimensiori3ok
andDauthor_

author

book

Fig. 4: Two secondary dimensions cross the foejs

The same visualization is shown in Hig. 4 right under a défftiperspective.
Finally, in Fig.[3 we obtain the 3-dimensiokkview where the vertical paths (on the
main dimensiom'°P°) are added.

EEEEE|V Illln
.

Fig. 5: An example of a 3-dimensiohs-view.

We can now extend this example to thelimensions case. In Fi§l 6, we show a 5-
dimensions view, considering four secondary dimensiomsour example, we have
added other two dimensionuPlisher locationgygppublication yeay ranresenting the lo-
cation of the publisher and the year of publication of thécket This new view has
focusvs, sizel = 2m+ 1= 5 and main dimensiobPublication year
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topic
book
% b D
author
—= D
~. s Dpublisher location
publication year

Fig. 6: A 5-dimensiong-view.

3-Dimensions Extended Viewh the 3-dimensions case, we can extend the previous
definition of a 3-dimensionid (or ) view. Intuitively, we build a standard 2-dimensions
H (or I) view and, starting from each of the related cells as focesdisplay also the
ranks in the third dimension. Formally:

Definition 12. (3-dimensions extended H-view) Consider a zz—structmLﬁle,

where 0¥ = Uk  (RCUVK), and where B= (VK EK, f,{c},c). The 3-dimensions

extendedH-view of size |=2m+ 1 and offocusx € V = U:';o\/ik. on dimensions

D!,D? D3, is composed as follows:

— the central path (the m 1-th row) from left to right, focused in vertexe R(3X):
x9...X...xTP, where X € R?X), fors=—g,...,+p, g,p<mand g+ p+1=1’;

— I’ rectangular H-views of same size | and of focuses respégtivé, ... x,...,x"P,
on main dimension band secondary dimensior?D

3

Analogously we can define a 3-dimensions externdeigw.

Definition 13. (3-dimensions extended I-view). Consider a ZZ-S'[rUCtLtEeLftﬁle,

where ¥ = Ul , (REUVE), and where R= (V¥ EX, f,{c},c). The3-dimensions ex-

tended -view of size |= 2m+ 1 and offocusx € V = U:k:o\/ik, ondimensions B D?, D3,

is composed as follows:

— the central path (the m 1-th column) from top to bottom, focused in vertex R(3X):
x Y. . X...x™", where X ¢ R?X), fors=—u,...,+r,ur<mandutr+1=1";

— 1" rectangular I-views of same size | and of focuses respégtvé, ... x, ...
on main dimension band secondary dimensior?D

xtT,

)

As example, we start from Fifl 4 and we consider the relatdiiznsiondH -view of
size 5 and of focuss, on main dimensio®P°°* and secondary dimensidfuthor, we
obtain theH-view shown in Fig[F.

Now, we change perspective and, for each cell of this viewyisealize the related
ranks in dimensio!°P¢ (see Fig[B).

Star Views. A star view visualizes information related to a focus verdexl a set oh
chosen dimensions. We propose a formal definition for twoliygies of star views: the
star viewand them-extended star view
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author

-

T
:

Fig. 8: A 3-dimensiongxtended Hview.

Definition 14. Given a zz-structure S (J[”'; DX, where [¥ = Uk, R‘UV/, and where
R = (VK EX f,{c},c), the star view of focus x € V = |,V and dimensions
D1,D?,....D"is a star graphn1-star on central vertex x and neighborhoodx) =
{yeViy=xtxteR, ie{l,....n}}.

In order to extend the number of documents directly accksgibm a view, we intro-
duce the definition om-extended star viewt is based on a star view, but, for each
vertexy in the neighborhootl(x), adds the set of thp (p < m) posward cells related
to the given dimensions.

Definition 15. Given a zz-structure S (J|”!, D, where ¥ = Uik ; R UV, and where
RK = (VK EX f,{c},c), the m-extended star vievs a star viewof focus xc V =

I VX, dimensions B,D2,...,D", and extension constitutetty € N(x) and Vi €
{L,...,n}, by the pathgy™?,... .y*P) C R, (p < m).

A schematic example of 5-extended star view is shown irlfitn is case, the central

nodevs represents a person, and the view shows the connections séeen dimen-
sions Dtopic’ Dauthor' Dbook’ Dpublication yeac Dpublisher Iocatior’l L )

5 Conclusion
In this paper we have presented a formal model for the reptatsen and the use of

concepts maps in the area of Web-based education. This wpgct of a larger project;
current advances include:
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Fig. 9: A 5-extended star view.

automatic semantic filtering methodologies;

an extension of this model towards an open, distributedcandurrent agent based
architecture;

adaptive navigation and presentation for learners;

authoring facilities for web-based courses.
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