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A b stract

Rela t iv ely lit t le re s earc h h as b een pu bli sh e d a b ou t bibliographic vi sualiza t ion, al t h ough scien t i st s,

re s earc h ers, an d st ud en t s oft en h a v e n ee d for su c h t ec hnology . In t hi s pap er, w e examin e t h e fu nc-

t ion alit y n ee d e d t o vi sualize bibliographie s e�ect iv ely . Aft er reviewin g som e exi st in g t o ols, w e pre s en t

BIVTECI (Bibliographic Vi sualiza t ion T o ol wit h Enh ance d Cit a t ion In t eract ivit y) whic h d er iv e s f rom

our an alys i s.

Our m ain re s earc h goal i s t o capt ure t h e us er-require d rela t ionships b et w een bibliographic en tr ie s

or art icle s. First, a us er m ust u n d erst an d t h e c hronology of art icle s. Secon d, a us er n ee ds t o s ee t h e

in
uence of art icle s on la t er w or k, i.e., t h e cit a t ion rela t ionships. Third, t h e us er wi sh e s t o group art icle s

b y sp eci�e d a t tr ibu t e s (e.g., t it le, a u t h or, k eyw ord). F ourt h, t h e us er n ee ds t o examin e inform a t ion a t

v aryin g lev els of d et ail f rom gen eral, m ul t i-art icle views t o sp eci�c, s in gle-art icle on e s. Fin ally , t h e us er

m ay n ee d t o us e s ev eral inform a t ion views s im ul t an eously . W e not e t h a t bas elin e fu nct ion alit y includ e s

s imple retr iev al of en tr ie s b y t it le, a u t h or, an d k eyw ord.

Th e prot ot yp e BIVTECI t o ol d emonstra t e s e�ect iv e solu t ions for most of t h e s e requirem en t s, com-

binin g inform a t ion vi sualiza t ion wit h m anipula t ion. Th e art icle pro p os e s fu t ure re s earc h in t o fea t ure s
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not y et implem en t e d. BIVTECI i s bas e d on t h e St ar d a t a transla t or an d t h e Lan dscap e inform a t ion

vi sualizer, b ot h d ev elo p e d a t t h e Univ ers it y of T oron t o.

1 In tro d u ct ion

An e ss en t ial t o ol of scien t i�c re s earc h, bibliographic cross-referencin g an d s earc hin g are oft en extrem ely

t im e-consu min g. F rom a part icular art icle, re s earc h ers m ust follo w reference links bac kw ards t o cit e d

art icle s an d forw ards t o cit in g art icle s, in ord er t o di sco v er relev an t m et h o ds, conclus ions, an d furt h er

reference s. Unfort u n a t ely , gen eral-us e t o ols t en d t o b e slo w. P ap er an d electronic ca t alogue s, for

example, sup p ort t h e us er in follo win g links. Library ca t alogue s sup p ort bac kw ard linkin g, while

cit a t ion in dice s sup p ort forw ard linkin g.

Exi st in g gen eral bibliographic t o ols h a v e only minim al sup p ort for in t eract ivit y an d vi sualiza t ion.

Ca t alogue s t en d t o li st d et aile d en tr ie s, or a t b e st t o �l t er en tr ie s accordin g t o sp eci�e d a t tr ibu t e s.

Re s earc h ers, scien t i st s, an d st ud en t s in m an y di sciplin e s could b en e�t f rom more so phi st ica t e d biblio-

graphic t o ols. Nu m erous s it ua t ions require su c h t o ols:

� re s earc h in an area t h a t i s part ially or en t irely u nkno wn

� surv ey or o v erview re s earc h

� monit or in g of re s earc h act ivit ie s in sp eci�c �elds o v er t im e

� examin a t ion of rela t ionships amon g art icle s in a sp eci�c �eld

� m ain t en ance, vi sualiza t ion, an d s earc hin g of a p erson al d a t a bas e

A go o d bibliographic vi sualiza t ion t o ol (BVT) m ust pre s en t t h e k ey rela t ionships b et w een bibliographic

en tr ie s or art icle s. A t a minim u m, w e pro p os e t h a t su c h a t o ol sup p ort t h e follo win g s ix fea t ure s:

1. di splay of complet e bibliographical en try

2. �l t er in g b y t it le, a u t h or, an d k eyw ord

3. di splay of c hronology an d in
uence of art icle s, i.e., ord ere d cit a t ion links

4. inform a t ion views a t s ev eral lev els of d et ail

5. m ul t iple s im ul t an eous an d (o pt ion ally) sync hronize d views

6. vi sualiza t ion of large s earc h re sul t s et s

In addit ion, a BVT could e�ect iv ely sup p ort t h e follo win g t hree fea t ure s:

1. art icle clust er in g

2. a t tr ibu t e vi sualiza t ion

3. syst em inference of art icle s rela t e d t o us er quer ie s

Bibliographic d a t a i s c h aract er ize d b y stron gly n et w or k e d rela t ionships. F or t hi s reason, a st an d ard

s et-or ien t e d or rela t ion al d a t a bas e cannot ad equa t ely vi sualize or m anipula t e su c h d a t a. Moreo v er, a

gen eralize d BVT could s erv e as a f ron t en d for an y n et w or k e d d a t a s et, e.g., a lo cal d a t a bas e, or W orld

Wid e W e b do cu m en t s or s erv ers. A BVT, t h erefore, could s erv e as a spr in gb oard for fu t ure re s earc h

in t h e area of vi sualiza t ion.

In t h e Depart m en t of Compu t er Science a t t h e Univ ers it y of T oron t o, w e h a v e t h erefore d ev elo p e d t h e

soft w are prot ot yp e BIVTECI { Bibliographic Vi sualiza t ion T o ol wit h Enh ance d Cit a t ion In t eract ivit y .

Th e prot ot yp e s erv e s t hree purp os e s. First, it implem en t s a gro win g su bs et of t h e fea t ure s pro p os e d
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for an e�ect iv e BVT. Secon d, it pre s en t s a gen eral us er in t erf ace (UI) for stron gly n et w or k e d d a t a s et s.

Fin ally , it d emonstra t e s t h e e�ect iv en e ss of t h e St ar d a t a transla t or an d t h e Lan dscap e inform a t ion

vi sualizer (whic h will b e di scuss e d in Sect ion 4 of t hi s art icle).

BIVTECI sup p ort s t hree bibliographical inform a t ion views. Th e gen eral view i s a c hronological

o v erview of art icle s wit h cit a t ion links. Th e sp eci�c view cen t ers on a sp eci�c art icle, while di splayin g

it s cit e d an d cit in g links. Fin ally , an in t erm e dia t e view arran ge s art icle s spa t ially b y a t tr ibu t e relev ance.

Sev eral fea t ure s are sh are d amon g all views. First, eac h view sup p ort s �l t er in g b y t it le, a u t h or, k eyw ord,

an d ot h er a t tr ibu t e s. Eac h art icle di splays, in iconic form, d et ails of it s part icipa t ion in t h e curren t

query . Secon d, eac h view sup p ort s art icle aggrega t e s on t h e bas i s of v ar ious a t tr ibu t e s. Third, eac h

view sup p ort s virtual r efer enc es , or syst em-inferre d links rela t e d t o (bu t not re sul t in g f rom) t h e us er's

curren t query . In gen eral, views can b e in d ep en d en t or sync hronize d; t h a t i s, �l t ers can h a v e lo cal or

global sco p e. As require d, full bibliographic inform a t ion i s imm e dia t ely a v aila ble for eac h di splay e d

do cu m en t.

T o accomo d a t e a ran ge of bibliographic exp ert i s e f rom no vice t o exp ert, BIVTECI fea t ure s s ev eral

UI an d retr iev al o pt ions. Su c h o pt ions includ e a t tr ibu t e w e igh t s, a t tr ibu t e di splays, retr iev al param et ers,

an d view lay ou t s. Th e syst em pro vid e s us eful d ef a ul t v alue s for t h e no vice us er.

Th e rem ain d er of t hi s pap er i s organize d as follo ws: Sect ion 2 pre s en t s an o v erview of previous w or k

on t h e vi sualiza t ion of bibliographic d a t a; Sect ion 3 di scuss e s in d et ail t h e inform a t ion views sup p ort e d

b y BIVTECI; Sect ion 4 d e scr ib e s t h e syst em's arc hit ect ure; an d Sect ion 5 su mm ar ize s our re s earc h an d

pro p os e s fu t ure w or k.

2 Review of Bib liographic Vi sualiza t ion T o o ls

Re s earc h ers a t Xero x P AR C (P alo Al t o Re s earc h Cen t er) h a v e d ev elo p e d t w o t o ols us eful for biblio-

graphical w or k. Bot h t o ols h a v e b een wid ely pu blicize d, so t hi s art icle will di scuss t h em only br ie
y .

(F or reference s, pleas e s ee Sect ion 6.)

F or t h e last s ev eral y ears, P AR C re s earc h ers h a v e colla b ora t e d on t h e Inform a t ion Vi sualizer, an ap-

plica t ion bas e d on 3D graphics an d in t eract iv e anim a t ion. P art of t hi s w or k, t h e Bu t t er
y syst em i s an

ap plica t ion for acce ss in g DIALOG's Science Cit a t ion d a t a bas e s o v er t h e In t er n et. Th e ap plica t ion in t eg-

ra t e s s earc h, bro ws in g, an d acce ss m an agem en t. So phi st ica t e d in vi sualiza t ion an d acce ss t ec hnique s,

Bu t t er
y m eet s t h e requirem en t s pro p os e d a b o v e for a BVT. Ut ilizin g 2D graphics an d st an d alon e

w or kst a t ions, BIVTECI m eet s t h e requirem en t s for a BVT som ewh a t di�eren t ly , while incorp ora t in g

t h e t hree addit ion al fea t ure s recomm en d e d a b o v e. [Mac kinlay 95]

Anot h er pro ject a t P AR C, TileBars, in tro d u ce s a n ew vi sualiza t ion t ec hnique in t h e �eld of inform-

a t ion retr iev al (IR). Th e t ec hnique us e s t ext stru ct ure t o vi sualize retr iev al f rom full-t ext do cu m en t s.

TileBars s im ul t an eously an d compact ly di splay k ey a t tr ibu t e s of retr iev e d do cu m en t s. Th e vi sual

pa t t er ns can b e quic kly scann e d an d in t erpret e d, h elpin g us ers t o judge t h e p ot en t ial relev ance of do c-

u m en t s. W or kin g wit h bibliographic en tr ie s, BIVTECI ad apt s t h e TileBars t ec hnique t o in dica t e query

a t tr ibu t e s (e.g., t it le, a u t h or, k eyw ords) p ert ainin g t o di splay e d art icle s an d clust ers. [Hearst 95]

Sev eral re s earc h ers a t t h e Univ ers it y of P ad ua an d a t t h e Euro p ean Space Agency h a v e d e s ign e d an d

implem en t e d a t w o-lev el concept ual arc hit ect ure for constru ct in g a h yp ert ext t o in t eract wit h large t ex-

t ual d a t a bas e s. Th e arc hit ect ure i s in t en d e d t o b e a s em an t ic repre s en t a t ion of b ot h t h e con t en t an d t h e

organiza t ion of a do cu m en t collect ion. A gen eral goal i s t o d e�n e a n ew mo d el for inform a t ion retr iev al

(IR). Th e re sul t in g prot ot yp e, HYPERLINE, in t egra t e s a t h e sa urus wit h bibliographic retr iev al. While

it also enh ance s bibliographic retr iev al wit h bro ws in g fu nct ion alit y , BIVTECI organize s bro ws in g b y

cit a t ion links, ra t h er t h an b y s em an t ic on e s. In addit ion, BIVTECI incorp ora t e s graphical vi sualiza t ion
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t ec hnique s. [Agost i 92]

A t GMD-IPSI in Darmst ad t, re s earc h ers h a v e d ev elo p e d a prot ot yp e UI n am e d Lyb erW orld. Th e

prot ot yp e vi sualize s an a bstract inform a t ion space for t h e full-t ext IR syst em INQUER Y. T o ass i st

us er s earc hin g an d bro ws in g, Lyb erW orld's vi sualiza t ions us e m et aph ors of 3-D spa t ial n a viga t ion. On e

of t h e s e vi sualiza t ions, t h e Relev anceSph ere, sup p ort s relev ance fee dbac k an d do cu m en t clust er in g.

BIVTECI's in t erm e dia t e, relev ance view re s em ble s asp ect s of a h yp ot h et ical 2-D Relev anceSph ere.

3 Views

3.1 Ov erview

As pro p os e d, our prot ot yp e BVT implem en t s t hree inform a t ion views. Eac h view pre s en t s bibliographic

d a t a a t a di�eren t lev el of gen eralit y , an d eac h emph as ize s di�eren t rela t ionships an d a t tr ibu t e s. W e

b eliev e t h a t t h e curren t views comp os e an ad equa t e fou n d a t ion for m an y p ot en t ial ap plica t ions. Th e

syst em can b e eas ily ext en d e d, h o w ev er, t o sup p ort n ew views. (s ee Sect ion 5).

As previously m en t ion e d, t h e syst em gen era t e s views on t h e bas i s of a t tr ibu t e s. Su c h a t tr ibu t e s

includ e t it le, a u t h or(s), y ear, lo ca t ion, jour n al/pro cee din gs, pu bli sh er, su b ject/area, an d k eyw ords. Of

t h e s e a t tr ibu t e s, k eyw ords h a v e part icular v alue for ca t egorizin g bibliographic elem en t s, an d for in dic-

a t in g asso cia t e d su b ject s an d re s earc h areas. K eyw ords are norm ally sup plie d b y a u t h ors an d are oft en

includ e d in bibliographic d a t a bas e s. Cons id er, for example, t h e k eyw ords us e d in t h e bibliograph y

�le s (*.bib) sup p ort e d b y B i b T

E

X, a bibliographical enh ancem en t for L

A

T

E

X, whic h i s a p o pular an d

p o w erful t ext form a t t in g t o ol. BIVTECI can pro ce ss B i b T

E

X�le s t o id en t ify t h e k eyw ords. W e are cur-

ren t ly in v e st iga t in g a u t om a t e d w ays t o gen era t e k eyw ords an d t o id en t ify su b ject s on t h e bas i s of ot h er

a v aila ble inform a t ion. A t t h e mom en t, rela t ionships b et w een bibliogra hpic en tr ie s an d su b ject s/areas

are d et ermin e d pr im ar ily b y k eyw ords. F or eac h en try , t h e syst em h as a li st of w e igh t e d k eyw ords.

W e igh t s are curren t ly ap p en d e d b y a syst em us er d ur in g d a t a en try . In t h e fu t ure, h o w ev er, w e h o p e

t o cons id er IR t ec hnique s t o init ialize w e igh t s a u t om a t ically b y full-t ext an alys i s.

Th e it ems di splay e d b y BIVTECI are la b ele d (b y d ef a ul t) wit h t h e �rst t w o let t ers of t h e a u t h ors

last n am e, an d t h e y ear of pu blica t ion. W e follo w t hi s con v en t ion in t h e n ext s ect ions wh en di scuss in g

a sample bibliographic d a t a bas e. F or t h e sak e of vi sual clar it y , t hi s art icles d a t a bas e con t ains only

fourt een pap ers.

3.2 Gen eral View

A us er oft en n ee ds t o vi sualize an en t ire bibliographic d a t a bas e or a large su bs et accordin g t o sp eci�c

cr it er ia. Su c h a vi sualiza t ion sh ould sh o w t h e gen eral c hronology , d ep en d encie s, an d a t tr ibu t e s of

bibliographic en tr ie s. Thi s requirem en t h as le d t o t h e d ev elo pm en t of a gen eral o v erview. Th e us er

init ially sp eci�e s su c h a t tr ibu t e s as su b ject, a u t h or, et c.; t h e syst em t h en pre s en t s m a t c hin g bibliographic

it ems in c hronological ord er.

Figure 1 sh o ws a vi sualiza t ion of a complet e, sm all d a t a bas e. Th e t o p ro w con t ains t h e most

recen t pap ers (in t hi s example f rom 1995), an d t h e arro ws in dica t e reference rela t ionships wit h arro ws

p oin t in g t o t h e cit e d pap ers. Th e us er can cust omize t h e view in v ar ious w ays. F or example, h e or sh e

can constrain t h e syst em t o organize it ems in t o di st inct ro ws b y pu blica t ion y ear (as sh o wn in Figure

1). Th e us er can also c h o os e t o di splay (as sh o wn) or supre ss cit a t ion links. Links can also b e �l t ere d

b y t im e in t erv al, e.g., t h e syst em could di splay only links spannin g t w o or few er y ears. In addit ion t o

�l t er in g it ems b y a t tr ibu t e, t h e syst em can also highligh t it ems. In Figure 1, for example, t h e gray

b o xe s highligh t pap ers b y a sp eci�c a u t h or. Us in g color (or grey scale), BIVTECI can also repre s en t

4



Figure 1: Gen eral view. It ems wit h reference links, sort e d c hrono logically . Highligh t in g in dica t e s a sp eci�c

a u t h or.

pap ers wit h m ul t iple a t tr ibu t e s. An it em p oss e ss in g t h e reque st e d a t tr ibu t e s di splays an ap pro pr ia t ely

str ip e d ban d n ear on e s id e. Figure 2 sh o ws an example of a bibliographic en try wit h a t tr ibu t e bars, as

w ell as an on-screen legen d for t h e a t tr ibu t e s.

In t h e fu t ure, t h e syst em will also us e colors t o in dica t e pap ers wit hin us er-sp eci�e d ran ge s of

a t tr ibu t e v alue s. F or example, a pap er's impact migh t b e e st im a t e d b y t h e n u m b ers of t im e s it i s

reference d. Art icle s cit e d more t h an t en t im e s migh t b e di splay e d as re d-sh ad e d rect an gle s, while

art icle s cit e d only once migh t b e di splay e d wit h blue sh adin g.

BIVTECI sup p ort s a fea t ure t h a t i s calle d virtual r efer enc es . Virt ual reference s are cit a t ion links

t h a t do not exi st, bu t t h ey are p oss ibly implie d b y su b ject an d k eyw ords. Su c h reference hin t s f rom

t h e syst em can in dica t e u nreference d bu t relev an t previous re s earc h. In con trast t o t h e b old lin e s of

regular cit a t ion links, virt ual reference s are di splay e d us in g ligh t or dot t e d lin e s. (Pleas e s ee Figure 3.)

W e plan t o enh ance t h e fu nct ion alit y of virt ual reference s in t h e fu t ure.

A t an y t im e, t h e us er can obt ain a full bibliographic d e scr ipt ion of a di splay e d it em b y clic kin g

on it wit h t h e mous e. Th e syst em retr iev e s relev an t inform a t ion f rom t h e d a t a bas e an d di splays it in

a p o p-up t ext win do w. In a s imilar w ay , d ur in g o v erview bro ws in g, us ers oft en wi sh t o s ee d et aile d

cit a t ion inform a t ion a b ou t a sp eci�c pap er. T o accommo d a t e t hi s n ee d, t h e syst em allo ws t h e us er t o

s elect a pap er an d t o in v ok e a d et aile d view, whic h i s d e scr ib e d in t h e n ext s ect ion.

3.3 Sp eci�c View

BIVTECI's sp eci�c view pre s en t s t h e rela t ions b et w een a bibliographic it em an d it s cit ers or cit ee s.

Thi s view sup p ort s d et aile d bibliographic re s earc h. Figure 3 (a) pre s en t s an example of su c h a view

for t h e art icle la b ele d "GM93". Th e art icle s t h a t reference (or could reference) GM93 are sh o wn a t t h e
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SG93

Legend of Attributes

Attribute 1

Attribute 2

Attribute 3

Attribute 4

Attribute 5

Figure 2: A t tr ibu t e bars. On-screen legen d an d samp le it em.

(a) (b)

Figure 3: Sp eci�c view. It ems wit h cit in g art icle s, cit e d group s, an d virt ual reference s.
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HCI

VISUALIZATION

USER INTERFACES

GM93

FW92

DT91

QR93

SG93

MM90

GG91

FW95

BJ94

WR93

LS88

DM95

Figure 4: Relev ance view. It ems arran ge d b y k eyw ord relev ance t o t hree t o pics.

t o p, an d t h e art icle s t h a t are (or could b e) reference d b y it are a t t h e b ot t om. Th e t o p ro w i s sort e d

b y a t tr ibu t e, while t h e b ot t om cons i st s of art icle s group e d b y t o pic. Th e s e art icle groups sup p ort

b ot h t ask-lev el t hinkin g an d compact inform a t ion di splay . In t h e example, t hree areas are sh o wn {

Visualization, Interfac es an d HCI (Hu m an-Compu t er In t eract ion). Virt ual reference s can b e di splay e d

as in divid ual it ems in ot h er groups (as sh o wn b y t h e u nlink e d group m em b ers in Figure 3 (a)) or as a

di st inct group (as in Figure 3 (b)).

As in ot h er views, t h e us er can sp ecify a t tr ibu t e s t o �l t er, highligh t or color it ems. F or example,

t h e view can b e re str ict e d t o con t ain t h e pap ers wr it t en b y a cert ain group of a u t h ors d ur in g a sp eci�c

t im e in t erv al.

3.4 Relev ance View

Th e previous t w o views are organize d b y bibliographic en try , wit h a t tr ibu t e inform a t ion us e d pr im ar ily

for �l t er in g an d highligh t in g. W e fou n d it us eful t o d ev elo p a view organize d b y a t tr ibu t e s, k eyw ords

in part icular. Su c h a view sh ould sup p ort reasonin g b y rela t iv e a t tr ibu t e w e igh t s. F or t hi s purp os e,

BIVTECI pro vid e s an in t erm e dia t e, relev ance view t h a t pre s en t s inform a t ion in a non-hierarc hical,

m ul t i-fo cus lay ou t. Th e us er sp eci�e s on e, t w o or t hree a t tr ibu t e s whic h form a p oin t, a lin e or a

tr ian gle, re sp ect iv ely , in t h e plan e. Eac h bibliographic it em i s t h en place d on t hi s plan e accordin g t o

it s rela t ionship t o t h e giv en a t tr ibu t e s. Figure 4 sh o ws an example of su c h a view wh ere t hree fo ci are

us e d t o spa t ially organize t h e d a t a bas e. Pro ximit y t o a fo cus in dica t e s art icle relev ance. T o f acilit a t e

t h e spreadin g of art icle s, t h e us er can adjust t h e rela t iv e w e igh t s of t h e fo ci. While pro vidin g us eful

relev ance fee dbac k, t h e lay ou t of t h e relev ance view i s ap pro xim a t e. As an as id e, as sh o wn in Figure 4,

a st ac k la b elle d b y t h e t o p art icle in dica t e s t h a t s ev eral art icle s are co-lo ca t e d a t t hi s p oin t of t h e plan e.
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By clic kin g on a st ac k, t h e us er can examin e t h e it ems it con t ains.

As in ot h er views, �l t er in g, color in g an d highligh t in g can b e emplo y e d b y t h e us er t o re str ict or

rev eal inform a t ion a b ou t t h e di splay e d art icle s. Similarly , t h e us er can c h o os e t o sh o w or hid e cit a t ion

arro ws b et w een bibliographic it ems.

4 Syst em Arc hit ect ure

BIVTECI w as d ev elo p e d a t t h e Univ ers it y of T oron t o us in g t o ols of t h e Syst ems group in t h e Depart m en t

of Compu t er Science. Th e s e t o ols h a v e b een us e d wit h m u c h su cce ss, pr im ar ily for re s earc h in soft w are

en gin eer in g.

F or it s bac k en d, BIVTECI us e s t h e St ar d a t a transla t or. Th e t o ol transla t e s b et w een a v ar iet y

of form a t s, includin g PR OLOG f act s, C source co d e, an d T ur in g source co d e. In addit ion, St ar can

p erform us eful rela t ion al alge bra o p era t ions. Th e s e o p era t ions sup p ort t h e lay ou t fea t ure s of BIVTECI.

F or it s f ron t en d, BIVTECI us e s t h e Lan dscap e inform a t ion view er. Lan dscap e reads a �le in a

d e dica t e d form a t, f rom whic h it gen era t e s a drawin g. Th e us er can t h en mo dify t h e diagram m an ually

in m an y w ays. Lan dscap e can also b e us e d t o pro d u ce a n ew diagram, whic h i s inpu t t o St ar t o

gen era t e �le t empla t e s in Ob ject-Or ien t e d T ur in g (OOT) or C. Ot h er fea t ure s of Lan dscap e includ e

m an ual clust er in g of no d e s, divin g in t o a clust er, an d �rst-ord er vi sual quer ie s.

5 Conclus ion

An e ss en t ial t o ol of scien t i�c re s earc h, bibliographic cross-referencin g an d s earc hin g are oft en t im e-

consu min g. Moreo v er, in exi st in g gen eral-us e bibliographic t o ols, in t eract ivit y an d vi sualiza t ion are

only minim ally sup p ort e d. Kno wle dge w or k ers in m an y di sciplin e s could b en e�t f rom more so phi st ic-

a t e d bibliographic t o ols. Nu m erous s it ua t ions require su c h t o ols. A go o d BVT m ust pre s en t t h e k ey

rela t ionships b et w een art icle s. A t a minim u m, w e h a v e pro p os e d t h a t su c h a t o ol sup p ort t h e follo w-

in g �v e fea t ure s: di splay of bibliographical en tr ie s; d a t a �l t er in g; di splay of c hronology an d cit a t ions;

sp eci�c an d gen eral views; s im ul t an eous, sync hronize d views; an d vi sualiza t ion of large re sul t s et s. In

addit ion, a BVT could sup p ort t h e follo win g t hree fea t ure s: art icle clust er in g; a t tr ibu t e vi sualiza t ion;

an d syst em inference of query-rela t e d art icle s.

Bibliographic d a t a i s c h aract er ize d b y n et w or k e d rela t ionships. F or t hi s reason, a st an d ard d a t a bas e

cannot ad equa t ely vi sualize or m anipula t e su c h d a t a. F urt h ermore, a gen eralize d BVT can s erv e as a

f ron t en d for an y n et w or k e d d a t a s et. W e h a v e t h erefore d ev elo p e d t h e soft w ar e prot ot yp e BIVTECI.

Th e t o ol implem en t s a su bs et of an e�ect iv e BVT; it pre s en t s a UI for n et w or k e d d a t a s et s; an d it

d emonstra t e s t h e e�ect iv en e ss of t h e St ar an d t h e Lan dscap e t o ols.

BIVTECI sup p ort s a c hronological, m ul t i-art icle o v erview; a s in gle- art icle view; an d a spa t ial

a t tr ibu t e-relev ance view. Eac h view sup p ort s �l t er in g; eac h di splay e d art icle can in dica t e bibliographic

a t tr ibu t e s; an d eac h view sup p ort s virt ual reference s. In gen eral, inform a t ion views can b e in d ep en d en t

or sync hronize d, an d complet e bibliographic en tr ie s can b e eas ily di splay e d.

F rom t h e p ersp ect iv e of HCI, curren t re sul t s con�rm t h e us efuln e ss of BIVTECI. As pro p os e d,

t h e require d fea t ure s h a v e allo w e d for 
exible an d e�ect iv e bibliographic re s earc h in sm all-scale tr ials.

Th e syst ems graphical us er in t erf ace (GUI) sup p ort s in t eract iv e explora t ion of cit a t ions an d a t tr ibu t e s.

F urt h ermore, t h e t hree n et w or k vi sualiza t ions allo w a us er t o w or k in t h e high-lev el t ask dom ain of

art icle s an d cit a t ions, ra t h er t h an a t t h e lo w lev el of bibliographic en tr ie s.

F rom a syst ems p oin t of view, t h e arc hit ect ure of BIVTECI h as pro v en t o b e su cce ssful. Th e

t w o-comp on en t d e s ign allo ws for p o w er an d ext ens ibilit y . Th e St ar transla t or insula t e s t h e vi sualizer
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f rom d ep en d ence on sp eci�c d a t a form a t s, t h ere b y increas in g t h e p ot en t ial ap plica t ions of BIVTECI.

Moreo v er, t h e Lan dscap e vi sualizer h as enough gen eralit y t o accommo d a t e a ran ge of inform a t ion views,

whic h allo ws for b ot h increm en t al re�n em en t an d p ot en t ial inno v a t ion.

F u t ure w or k on BIVTECI encompass e s t hree t asks. First, furt h er d ev elo pm en t w or k i s require d

t o implem en t t h e full s et of BVT fea t ure s. Secon d, usa bilit y t e st in g i s n ee d e d t o v alid a t e an d re�n e

t h e syst em's UI. Fin ally , p erform ance t e st in g w ould b e us eful t o in v e st iga t e t h e c h aract er i st ics of t h e

syst em.

Th e ul t im a t e ext ens ion of BIVTECI, of cours e, w ould b e real-t im e, on-lin e, full-t ext retr iev al. Su c h

re s earc h i s b ey on d t h e sco p e of t hi s pap er. Thi s BVT t o ol, h o w ev er, can b e s een as part of t h e gro win g

re s earc h on digit al librar ie s. W e h o p e, t h erefore, t h a t BIVTECI plays a us eful role in t hi s large an d

imp ort an t pro ject.
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