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ABSTRACT the document being shown is in fact relevant. This is hardly a new

tdt ‘but we believe that the issues involved are sut hlk and that

We are interested 1 questions o!unmmng user control i best- visnalizations have 0ol 36t been seen
nach texeieval syvems, specfically questions as o wbeer 1€ OB R Mt 1 1Y TEES S splaying scrolbar
simple viswalizations that nonetheless go bewond the mammal SR S highlighting, bult 3 G et
ones generally available can significantly help users. Recently, we WW’M e vissalination, 3nd stodied whether the
‘have been investigating ways to help users decide—given a set of viseat s belpful to Searckiers
documents retrieved by a query—which documents 20d passages e
are worth closer exanunation. In this paper. we discuss the state of the art of visualizations ol‘

text-document confent, descnbe our new visualization,
docwsarnt. ‘viewer g 3 WSRLZIOA e and srudy. and show how ltouldumkulhawnou
wisnalization of our own. We thea report on a preliminary user
study with our pew viswahization Participants’ reaction 10 the
vismlization was very positive, while the objective results were
Fanally, we attempt to draw conclusions from ous
expenience and we make suggestions for future research.

We built a incorporating
centered around a novel coatent-displaying scrollbar and colos
term highlighting, and studied whether the wisualization is belpful
10 non-expert searchers. Participants” reaction 1o the visualization
was very posifive, while the objective results were mconcusive.

Keywords
Digital librasies, systems, inforoation fetrieval, uses interfice, 2. VISUALIZATIONS FOR TEXT
GULL user study. visualization. scrolibar. RETRIEVAL

TINTRODTCTION Several aspects of the information involved in a text-retrieval

N progam can be viswlized A miniowl list of sensible
The advent of the World Wide Web hus resulted in an explosion  ticoazations for document retreval of any kind, with the

0410000000000

- U0O0OO0bOoon
gboboobooobobooboobooobooboooboobooonoog

ugbobooobooooboobooobboobooboooobooooboboobobooooo
oboobooboboooboobooboboooboboooboooooboooonoo
ugbboobooboobbooboobbooboobboobooab

11



ubbooboboboobbobooboobooboooboobooboboboboo

gbooboboobobooboboobooboobooboboboboobonoo
gobogbooogboboooboooboooboooboooboobooooboooDo
OO000oOOO0oO00bOo0ooobO420000000010000200012000000
gbooooboboboboboobooboobbobobooboooobobooobooon
oooooobooobDoobmAbOOO0OOoDOoOooooooDooO2o007d0DOO
ubooboobooobbooboobooboobobboobooooboobooobooon
odbobomBbboboobooboobooboobooobbooboobooboboo
oooooob1ooooobooboboobbooobooboboobbooooooDoDO
coobooooooOoOoboOoOoDooOoOobocogoooOoboOooboooooooo
obo00d200200200 2004000000000 boobobooboboboboobDo
ubboobuoobboobobooboobobaoboo

042.00000000000000

oon
00 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009
googd
A 0 0 0 0 0 0 0 2 3 2
B 10 12 7 8 11 15 17 9 8 11
C 0 0 1 0 2 0 0 0 0 0

ubbogobaaoo

oo0oO0o0oOoODODODODODOOOOOOO000000000000000004d [20][21]0

gboooboboooboboooboobobobooobobooooboboobooon
obooboooboobooooboooobobooobooboooboooobooonoo
uboobooobobooboobobbooobobobooboboobooaoo
gbobooboobooobbooboooboboobooobbooboon

gboboooboaaoo

ubboobooboobooobooboobobobooboboobobbobobo
gooobobooboboboobgoobobooboobobooobobooo
gboobooboobobobobo

12




42 0O000O0O0ODOOOODOOOO

B Shneidermaf] [22]0 00000000000 O0OCOO0OO0OOODOO

INFORMATION VISUALIZATION: The use of computer-supported, interactive,
visual representations of abstract data to amplify cognition.

gobooobooboboobobooobooobooobooobboobbooobo
gbobogoboooooboobobobobobooooboooboboobobooobooooob
goboooobuoobbooboboobboobobooooooobuoooobooooooo
gobodobooobooboooboobooobuoobboobuoobbooobg

13



050 O0o0doouooodoouooogn

cooboo3.2000000b0Ooo000bOoo0OoDoOooO00obDOoOoOooDboUooooo
goobooooobooboboggsanpooogboboboooobooboobooooo
ooooooooboooooos20b0b000ooboooooooooooooDooOooDboboOoa
gobooboooboboooooon

51 UU00OOoOoooobobooooboooog

oooo3l1goooobooboooobobooobooboboboooboboboooooDo
gbobodgboobobodgbod

511 DO0OO0O0OO0OOOoDOOobOoboooogon

goboobbooboboobbooobooobooobooobooobooooo
gboboboobobooooon

ubobooboboboooooboobobobobooboobobonooobobooon
goboooboooboooboooboooboooboooboooboooboo
goboooboooboooooobobobooooboboboooobooboboboboon
goboobooobooo

gobooobooobooobooobooobooobooobbooboooobo
gbooooooogboboboobooobooboboobooboooooboboooooboobon
gobooooboooobobooobboobooobooooooobobuooboobooonoobooo
gboobobobsioooooboooobooooooooogg

14



scharing

N
ciustering
Y

information
visualization

small world
graphs
hierarchical
clustering
graph
navigation

Os1goobogooooogooooono

512 J0OO00OO0O0O0OO0ODOO0OO0bObOoObOOooOOooDOoon

uboboooboooobooobooooboooboooobooooboobooooooooo
goboooobooobooobooobooobooobooobuooboboooboo
gboboogbobobboboooboobobobuooboboboboubooobbobo
goboodoboooobooboooobooboooobooboooa

goobooobooobooobooobooobboobbooobboobbooobo
ggbboobboobbuoabbooobboooobooobbuoobboooboo
OO00OO00DbO0OO00OOO0oOooo0s20530 5400 Mooo0ooobo0oobbooooDooo
obooboboboooobooooboboobob s.2ZJn 5300 s400oooooboon
Oo00o00o0ooooOooo0oOooooooooOoOoOos20000oooooOgdgrapidd
goboooobooooboooboobboobobooboobooooboobooboooobooo
oobooogoooooos3tgoooooooooobobooooooboboooobboooDboo

15



0os5400000000000C000DOO00DODOOOOO0ODOOO0ODOOODDOOODODDOO
0520530540 0000000000000000000000O0

gboobobobogoboboooooobooboboboooooobobobobooboon
goboooobooooboooboooboooboooooooobuooboobooooooo
gooobbooobooboobbooboobooboooOoosSs50b0bobboboobob
gbobobobo

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

year

0s5200000000000000DO0

16



1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

year

gs3b000obooobooooboooooonn

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
year

Os54000000000000000000DO0O

17



T
) T
14

13

Y

0 1/ N, N W74\ \\: \ %
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

gss50000000D000D0O000DO00DO

513 UbOoboooooouoobooboobooon

gboboboobooobooooobooboboboboooboobobobobooboon
goboogoooooboooobooboboboooooboobooboobooobooooooon
oobobobobobooboo

lL.000oobooooboooobooooboooobooooboooobooboon

18



2. 000000O000bOOO00DOOoO0O0ODbDOOOOUODOOOobOOoOObODbOOO
gbobooboooboooo

goboobooobuooboboooboobbooboonbobo

ugboboogobboobbooobobooooobooooboooboboobobooooo
gboboopoobobooooboboooobobobobobobooooboobobo
gboboboboooooobobgoboobooooboooboobobobobooooon
gbooooooobooobomoooooooooobobooobobooboboooooon
goboooobooboboobboobboobboomoboboobobooboooooo
oooooooooboboooooooooobobooooooooboooooDoooDsennOd
goboobooobbooooan

19



C_MNum
m]
]
180 D
m]
16( D
m]
O O
m]
140
o
m]
\JD
m]
m]
o m}
1 m} o
B o
Ll o
o m|
m]
O g
i - o O
H o m] O
0 O O g
H
g B g 5 B B g om
o P o = E &
40 m} o - =
B i o ]
H o A g o
m} [} O
O g E = E
g 8 = g g 6 5o -
g o O H O ~ O o
H ° d E E H g 0
g o 3 b 15 8 ¢
2 8 & ‘ : R - M 4

056000000000

52 D0O00OUObobOoOoobooboooooo

gboboboobooooboobobobobooboooboboobobobobooboon
ooood

goooooooooboobobgoooooobobobooooobobobnoooon
gbooooooogbobooogoboboooobooooboboboooobbooobobo

20



gobooobobouooboboooboooboooboooooooobooboobooooooo
goboooboobbooobobooobooobbooobboooobooobboon
goood

000000 [23|00ooooooo00ooooooooooogooooooooD
gobooooboobbooboboobboooboboooboooboooboooboo
gboobogboobooboobobobgooboobogoooooooboboboboobooooon
goboobooobooooboooboo

21



el OU0Udoouoouooooood
HREEN

goobooobooobooobooobooobooobooobboobboooobo
gbgooobobobooboobooboboboobobobooobooboboboobo
goboooobooooboooboooboooboooboooobooooboobooooo
goboboboboboboboboboboboobobobooboobobooboboboooo

6.1 DO00O0O0ODOO0O0OO0OO0

ugbobooobuooobuooobooobooobooobooobboobooobo
oooopooOOoOooboboooOooboboooO0oooDb Ao DbDObOOOODODOOO
goboobooobobooobbooobooboboobobooobbooobboobboo
gobobogobouooobbooobooobbooobbooobooobuooobooooboo
gbbooboooooboooboobobboboobooboobouoboooooooooboo
goboooobboobobooobooobbooooobooobboobboobboo
gobodboobboobooobboobooabobg

22



] Visual paper-Searching Tool o o

min — o — s Input Keyword: [graph w7 LA
Author Keyword information N

data
visualization

I

clustering

computer

graphics

\ geographic
visualization e
" R H graphical o
5 l user

(=R 3
o

(=R 3
£ 3]

e m
4 ooo
&0 0

o
foee
i oo

fmo o m
o oen

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 S

061000000

6.2 DO00O0OODOO0OOO
6.21 00OO0OOOODO

goodoooooooooooobooooooooooooooooooooooon
000oooooobooooooooee20 000000 DODOO0O0ODODODOOOODDODOOODODOO
00000004 clustering? O [T graph visualization T hierarchyl O 0 0000000
goooooboooooooooooobooobooonooooonooooooooon
0o00fdooooooooooooooooob oo ooooooooooooon
gobooooobooooobbuoooobooooon

0oodooobooooooooobooooooooooooooooooooooon
O0000ooooobooooooooooooooooooooooooooa

- J0ODbOoonbo

Jdoooooooobbobbbooodooooogoooooboobbbbobob
0000000000000 MmMgrapld 00D 000000000000 OODOODOOO
Ographdrawing OO OO0O0O0O0O0O0ODOOOOOOOODODOOO O graph drawing O

0000000000000 0000O0™ograp 000000000 OOOODODODO
oooooood

23



- UObOOoonoo

goboobobooooobooobboooooboboobooooooooobobooooon
0000000000 @Mgraphdrawing OO0 000000000 DOOO0OOOOOO
Ograpil 000 0O0OODOOODODOOOOOOOOOOOOOOOOOOODOODOD
ugbobooooo

0Jdd0o0o00oooobobo0obo0odobOobOO0o0o0obDbOboOo0oooboobooOo 830000
oo ooUobooOooon
0000000000000 0000000000 6.20 00 0O M information visualization
gdotuobooooootdouobooooootdouodooooooouoooooan
0000000000 mgraphnavigation D00 0000000000000 O00OOOOO
ododoboobooo0oooooooododooooooooooooooooooon
oot oooooouoooooan
gooooooooon

Ofdo0dododooododooooooooooooooooooooooooooa
goddoooooudobodoodooouooobooooooooooooooon
oo ooooooiouooooooooUooooan
00o0ooooo000ooooo000ooooooooooooooooooooooog
gbddobodoooouooouodoboooooooooouooobooooooaon
gdoddouooboooooodouoobobooooooooooooooouoooooon
O0o0o00oooo0oooooooooooooooooooo

0JdoooooOo0doooooobooOol1lb0bo000oooo0ooDoOoOoooooOoao
gdodddobododoooodouobooooooouobo0ooooooUoooOooan
O00o0000o00o0o0Do0Doo0Do0DOo0oDo0Doo0DoOOoDoOooDooOoooOO
gddbooodoboooooboooouoouoouooooo

gdoddodooooooooooodouoobooooooooooouoooooa
0ddo00oo000oooooooooooooooooooooooooooooooooag
gddoodotudooooudoudooboooooooooouoouooouooooa
gdodooodoooooouoooodobooooooooooooooogao

24



clustering

information
visualization

irawing
information
retrieval
visualization

hierarchy
metrics

small world
graphs
hierarchical
clustering
graph
navigation

0e20000000DO0ODbDOOODOO

min EE T TN max

063 0000000D0OODOOOODOO

25



6.22 J0O0ODO0OODOODOOO

ugboboobbooboboobbooboboobobooobuooobooobooooo
goobobooboboooboooboboobobooboboooboboooobobooooooon
gooooooobooboooboboooboboboted4bbbbObDObDbDODOLDOO
gbbOxbODoboobOodbyoboobodoboobuoobooobbobobooboboboboobo
goboobooobboooobboooboobboobbooobooobbooboboon
goooooooooboobooboobooboobooooobooobobooboob
goboooobooobooobooobooobooobooooboooooooobooo
gobobooobbooboboooboobooobbooobboobobooobobooobobooo
gbobogoboooooboobobobgobooboooobooboboobobooobooooon
goboogoobood

goobooobooobooobooobooobooobooobooobooooo
gbobooooooooboobobooboooboboboboobooboboboooob
goboboooboboobobooooboboooboboobooboooooboooboboobobooo
goboobooooboo

oed400000D0O000DOOOOOOUOODOOOUODOODOODOODLDDODOO
gbooboooboobboobooboobooboboboobooboobobooobooooooboo
gobooobooobooobooobooobooobooobooboboooDboo
gbobodgboobboobooobbooobooab

26



min I o T max

Author Keyword

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Oe40000DO0OODOOODOOODOODODOOO

6.23 J0OOOOOOODO

goboobbooboboobbooobooobooobooobboobooooo
gobooooooooboouoobbooooooobesbooooobobooobboooDoO
oes5000000000O00O0DOOO0ODOOODOOOxODOOODOOODOOOO
goooooobobooood4i10ogbooooobooooboobooboobooooboo
gboobogbooooobooboboboboboooobooobobobobobooooob

27



gbboobooooboobooobooooboobobobobooboobooooobooooooboo
goboooobboobboooboooboboobobooobboobboonboboo
goooboooomicboooooooobboooo20ooooobbooobooboooDboboOoo
gbooboooooboboobooobooboboobooboboooboooobooooooboo
gobooooboooboooboobbooobboooboooboooboooboo
gbobodgbooobuoobbooobooobbooobooaobobd

uboooboobooboobobbooboooobobooboobobooboooobobo
goboooobooobooobooobooobbooobooobbooobboooDboo
goboogobuooobuooobooobooobooobooobuooboooaobooo
gboobooboooboboboboooooooboboboboobooobobooooooboo
goboooobooobooobooobooobooobooobuoooboooDboo
good

oo
am

O
ano m
0O ooo

oo o
m

=]
talinjin]
m

C1
is]a]
o ooo

Oe5 0000000000000 0ODOObOOOOD

28



6.24 00O0OO

ubboobooboboobobooboobbooboaobboood

oO00o0o0ODOoOOo000ODbOOOo000obOOCOo0oOoDOO0OOoOobDOoCODelODOO
gbobogoboobooooboobobobooboooooboboboobooboobooooon
goboobooobboobooobboobuoobboobbooboobbon

OO0000OO0o000oDOoO0o00obO0o0oDOOooO00OoD0obOOO000ODOOoOOg 6.70
gbobogoboobooooboobobobooboooooboboboboboobooooon
gobodboobobooboooboobooobooboobobooboon

(4] Visual Paper-Sesrching Tool i
- — — i Input Keyword: [F5m]
Author Keyword clustering W

3
2 .
21 L ;

visualization
20
» ’ information
18 retrieval

hierarchy
16 "
. [ |
A i I \ small world
- graphs

, ‘ hierarchical

12 i
1 l graph

navigation
10
i |
3 A —
F
o) AL & °
5 \\ / \\ I’

o
i o
4 \ o DS
2 \Y N7 / \ ‘ t
2 / A N O 8
: L ) /\\ o i 2
L LIKIXIRNNFIRRRIR o .
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 ]

0660000000

29



" &) Visual Paper-Searching Tool ol o
i — = — i Input Keyword: AN
Author Keyword

o
b0 m o
m
o
im ooo
too

10651996 1997 1998 1969 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 Merics for effective i

Oe7:0000000DO

6.3 DO00O0O0OO

000D 00 JavdM6.0(JavaMPlatform, Standard Edition 6 Development Kit0 0 0 0 0 O
0000000000 JFreeChatD 00000000000 D0DOODN prefused0 000
000000000 JFreeChart prefused JavdMPlatformD 00000000 Javad 000
D000 [24][25]000000000000000000000000D0000O0

64 ODOOOOOO

ges8ibUioUoboooobooooboooobooooooooon

vbobobuoooobdgoooooboobogboooobobobobobaoooaon
gobooooboooboooboooboooboooboooobooboooooooo
gbobobooooobooboboooobooboooooobooboooobobooboon
gogbooooboooobboobboobbuooobbuooobooobooboooboboaon
goboooobooobooobogobooboboobobooobobuooboobooooobooo

Yhttp:/fjava.sun.com/
2http://sourceforge.net/projects/jfreechart/
3http://prefuse.org/download/

30



gobooobooooo

!

AR ITT—RES

0e80000000DOOOOOO

31



6.5 DO00O0OO0OO

O000000000oo0000oo0000o0oo00000oo0000o0onoOINFO-
VIS0 1995120090 150 0000000000000

000000000000 ooooboo0ooooo 4000000000000000
0000000000000 Doo0DOoU0DO0U0DOoU0oOOoO0ODOoOD0DoOUOOooOODoOO
oo booOooboOon
0000000000000 oooooogO0hierarchyl 0000 O0OO0O0OO0OOOO
odoo00oooooooooooooooon

0690000000000 DOOO0ODDOO0O0O0OODDOOOODODO INFOVISO 15000
oddoodooboooooooooodoooooooooboooooooooooooa
0000000 1000000000000 oboooDoOoD00d0ooOooobOooDoOooOooOoo
OO0OOOhierarchy DO 0000000 D0DOO0OO0OO0O0OOOO0OOODOODOOOOOODOOO
ooooOoelo0dinDoOOoOoOoOOoOoOOOOOherarchy OO0OO0OOOOOOOO
goddooooootbooobooboooouooobooobooooooooooog
goddoodoooddoooooobodooooboooLo oo oOoooooo
000000000 000o0ooo0000oooo0o0ooogonnond hierarchyl O
000000000000 00000000000000 MM focus+contexil 0 (D animatiod]
Ograph§ 000000000000 O0ODDOO0DOO0OO0O0O0O0DOO0O0DO0OO00O0OQg
ododooodoo0oooooooooooooooooooo0oooooooooooon
00 M focus+conteXt O O treemap O 0000000000 DOOO0DOOO0OOODOOOO
Jddddddoooooooboooooooo0oo00ddddddddddooooDD 6.10
O focus+contexxi D0 00000000000 O0O0OO0DOOD M focus+contex O OO O
gbotdobdoootbotdouobooooootdouonooooooouoooooan
oo ooUooooaan
odooodoe700000O0ODOOO0O0DOOOOODODOOODODOOODOOOOOO
gbdoooooooooouoood

0 6.1100teemap 000000000 O0OODOODOODOOODODOO 6100000000
O0000000o00Doo0ooooooooooooooOo050000000000
gdodobdoooootdouoboooooouoooooouoooouobooooan
ododoooooooooon

0000000000 0D0Do0ooooo0oo0oo0oooooooooooooon
oo oooooouobooooan
ododobodooooodoodooooooouoooooooooouooooan
ooo

‘OooooooOooD

32



1[4 Visual Poper-Searching Tool E s e

Author Keyword

(u]
o
o ® oo B
o
® = o o
EEDD g o Enn
o o
o o E
”EBDDEEED EDED
5w B fegt
g i AN

(2] Visual Paper-searching Tool » - Y Sl
e i Input Keyword:
Author Keyword hierarchy =
visualization h
00
treemap
i
, tree
, visualization @
’ "
, clustering
|
hierarchy
o
00
interaction
\ techniques
\ graphs
@
overview and
detail o
o
’ / massive data o
sets = *
\ L huge
" Lo\ L[ e -
\ circular =
‘ ’ \ \ radial displays o
i A B
I\ \Vi \ = o o * o
A TINLYN 1 o
\ ; y X A *
) 7d i
AN i N\ g a o
e R A N e, i i@ a1 199 200 200 200 200 200 2005 2009 2007
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

0 6.10:0focus+contexxt D OO OO ODOOOO

33



2] Visual paper-earching Tool

o S n i Input Keyword:
Author Keyword hierarchy
3 = |
information
2
2 focus+contex a
t
19 ' e 180
18 o
, visualization
17 =
’ _ 10
" i , clustering
15
|
L hierarchy
oy ®
12 100
i1 \ interaction
\ techniques
10 ¢ graphs
L ’ overview and
8 detail o o
’ massive data o
i sets = 2
| \ ’ huge
6 T / \ ’ hierarchy &
5 \ + circular =
] ’ radial displays o
4 . - : ’ @
G 3
i\ / = o oo o
2 | A
‘ \ ) ) 8 >
1 y o o
oL N L ; o o
= e Vs ises 13w isme 1 200 2001 200 200 2004 2005 2000 2007 2008 200
1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

O 6.11:0treemap 000 00OO00OOODO

34



70 0000000

obobooboobbooboobboobooobbooboonbbo

71 D000
711 00000
0000000000000 00000000000

- 00000000 O0OOOOODbOODbOODODbLODODODODODODODO
goog

 U0O0bO0O0bOU0bbOobObOo0obboobbooboobboon

712 0DOOOOO

oboboboboobooobobuobu 400 300b00b0b0bD 3bobDUueOO
gogbobgobouooobooobbuoobbuooobboobbuoobobooobobobooo
gobooooboooobooobooobobooobbooooooboooobooooobooo
goboobooooboobooooo

713 00000

OO0000000O0000O00bOO0O0DOO0O0ODOOOINFOvVISO 1500000000
goboooobooobooobooobooobboobbooobbooboooDboo
ooooooboi1o0000o0ooDo

- J0ODOO0DbOODbOODO

- J0O0OO0O0DbO0O0ODODOO0ObOODDbOo0ObLOOODbDDbOObDOn
 U0O0OO0O0ObO0O0ObObOODDO0
oobooobooboooboooboobouooooooobOooDbOOoboboOosb0UDO

ooooooooooooooOooboOob ooboboooDoooo

35



 J00IWO00OOO0O0bOO0bO00bO0bO0bbOO0obbO0obLOooboOoODboO
0000000000000 00000000000000000000M hierarchyd
vboboooboobobooboobobobobooboobooo

- JU0020000Db0D0ODLODLOUOOUODODUDUDODUODbULDODLOOODO
looooooooooooooooooOooooobooOooDbbOOoOoDbboOooDbboOooD
ubboobooboobbooboooboooad

gddooouoodoooooooooouoooooooooooooboooooa
OO0 5000000000 000...0100000000000000000000000
[26]0

s JOD01000000O0O

- 00 @QCChierarchy D00 O0O0O0O0OOOODOOODOODOOOOOCOCDODOO
goo

- 00@@uoOooCoOooO0000oUooooooDooCOOobOOoOoOOooooo
- 00@UUUUoOooOoD0o0oUUooOOO0o0D0ooOOoDOOoODUooOoDoOo

00020000000

- 00@oo0o0o0000000U00UUoDOoDODDODODOODODODODDODO
ubbooboooboboooo

- ooGooooooooooooooOoOoOOOOOObOOOODOODODODODO
googooo

00000000000000000000000000000000000000000
00000000000000000S50000050000000..01000000000
00000000000 [27]0

«J0 G OOO0OO0OO0O0ODODODDODDOODOOOOO
«J0 (70 ODOCOOO0000OODODOCOOOOUOOODODDDODODOOOOOO
- JO0@GUOOCOOO0O000O0DODOOOODOOO0OODODDOOOOOOOOOODO

«J0 QU ODOOOO000U00DODODDDODDOODODOODOOODO

36



714 O0O0O0OO

07100 7200000000000000DOO00A0OFDOOO0ODOODOOODOOOD

O7i1000000O0DOOOooOoo

oooo A B [c [p J|E F 0o
00 ()0O000 5 5 4 4 4 5 450
00 (0000 4 5 5 4 3 4 4.17
00 3)0000 5 5 5 4 4 5 4.67
00 40000 5 4 4 5 3 4 4.17
00 (50000 5 5 4 4 3 3 4.00
072:000000000
oooo A [B Jc [p JE F 0o
00 (6000 5 4 4 5 4.50
00 (7)000 5 4 5 4 5 5 4.67
00 (8000 4 4 4 3 3 4 3.67
00 (9000 5 5 5 4 4 5 4.67
7.2 OO

07100000000 10000 20000000000 0D0OOOODOODOOOO
gooboboooooodobo 40b0obboboboobooboobomooooobDobUoboD
goboooobuoobboobobooobuooobooobooobooobooooboon
O00oOo00obOoO00obOoObo 45800 46700000000DO0O0O0ODODOOODDOO
gboboboboooooobooboboboboooboboboboboboooboob
gbooobomooooooboooooobooooobobboboboobobobooobob
ooo0ooo0o0ooOoO00obOOoO000obOoO0@ooo0oDom3aooooobooooo
gbobgoboboooooobobobobooooboooboobobobooobooooob
gobooobobouoooobbooobooobboobbooobooobbooboboo
gobooooboooboooboooboooboooobooooboobooboooobooon
oooooooooooooOooooOooOooooDooboOoooooog r2000 O OO
gobooooboooboooboooboooboooooooobuoooooooobooo
00000000opooo0 2000000 @M OO0OO0D0D0D0DO0DOODOOOOOOO
gbooobooboboooomooboobooooooooooooooooooooobon
ooboooz200000000O0O000bDOo00DOOoOobDOo0OoDbOOobOObOIoODObOOO

37



gobooooboboobbooobooooboooboooboobobooooboboobobooon
goboooboooboooboooboooboooboooboooboooboo
gbobgoobooobooboobobobgoboobooooobooobobobobobooooon
goboobooobbooobooboonog

O7200000000000000O0C0O0DOOO0ODOOOOO0MOOODOOO0ODD
oooooooooO0moo epooooooooooooooooooooooooOoo
gobooooboooobooobooobooobooooooooboooooooobooo
googobmooboboobooboooboobobboboobooboboobo
ggbbodbboooobboobbuooobooobboobbuooboboooboo
goboooobooooboooboooboboooboooooooboooooooobooon
gopbodboooobooboooboon

38



08l Oognd

ocoooOoDOOoO00bOOOoO0o0obOoOoOoO0DboOoOoOoslDo0obDoOoOooDbOoOoooo
goobobobos2bibboboboboboboboboboboo

81 DU0UOUODDOOUOODDOOO

gbobobobobobobobobobobobobo

Fernandd] (3]0 0000000000 0OO00O0OO0ODOO0O0OOCO0OOOOODO PEX-WED
goboooboooboooboobboooboboooboobobooboboooboo
gobbogobouooobbooobbuooboooboooboooboooboboobboo
gboboodoboooobooobooooboooboooon

EdwardD 4]0 00000000000000000 ResultMaps10000000DODOO
gobbogobouooobbooobboobooobooobooobuoooboooboo
gboboobooobbooobooobobooobweemap 0000000000

GregD B)0O0O0ODOO000ODODOOO0ODODODOOODODODOOODOODOODOO
oobo000bO0Od0FecetMa@ D ODOOOODOOOODOOOODOOODOOODOOOO
goboooobooooboooboooobobooobbooobooooboooobooooonooo
goboobooboboobooobooboon

Justind [8] O O Social bookmarkingl OO OO0 O0O0O0O0O0OOOOO0OOOOOOOOOO
O000O0O0O0000OogOgooOgdsocial bookmarking DOODODO0DO0DO0D0OO0O0O0O0OOO
goooooboboooobobuooboobobooboobobooboooboobobo
goboogobouooobuooobooobuoooboooboooobooboboooboo
gboboopoooobobobobobboooooboobobobooboobonooobobo
gbobgobooboooboobobobgobooboooooboobobobobooboooboon
gbobooboobbooboooboboon

ooboooboooobooobooobooobooobooobooooboooooon
gbobobobobooboooooooobooooooooooooooboooon

oooOoOoOOQooooooooooooooooooooooDooOOOOCboODD
goboooobooobooobooobooobooooboooobooooboooobooon
gbobooooobobobooboooooboboobobooobboobobobooboon
gobodbooobooboooboooboooooan

Orlandd [10]00000CDOO0O000COODOOO0OOCODOOOOOOODOOOOOOODOOO

39



goboooobooobobooobooobooobooobooooboooooooooo
o0oOo00OO000OO0O0OoOO0ooOOoooO0ooOooooboogo 10000oboooooboo
gboobogboooooboobobobgoobooooooobobobobobooobooooon
goboooobouooobooobooobooobooooboooobuoooooooooo
gobooboboooboooDoo

gbobobooboooboooooboobobobobooobooobobobuobooboon
googond

MarianO [14]00RSSO feeds0 000000000000 OOODODOOOODODOOOO
gobooobobuobbooobbogbboooboobboobbuoobbo oboboo
O0000000000000000000000 RSSO feedsD 000000000000
gobooboobobooobooboobooo oo

OrlandC [11]O0000O0O0OCCOOOO0OO0O0O0O0O0O0OOODOOOOCOOOOOOOOO
oooooob0 HotMapU OO OOoOoOoObOOobOooOoooobobogooooooooon
gboooboooboobobooboboobobboboboboboobooboboonoo
gbogbuoobobboboobobbobooboobobooboobobobobo
goooobooooboobooobooboooon

82 DUUODOOOULbDbOODDOO

0000000000000 0000000DODOO0000000008.100000 Edward
googobbobobooobooogoboboobooboobooooobooboboboboobon
goboboooboboobbooboboooooooboooboooooboobooboobobooo
gobogoobooboboooboobboobobooobooboboooboooboo
gboobogboooooboobobooboooboooboooobooboboboboobooooob
goo

Ryutarod [28]|0 00000000000 OOO0OO0Oauthor-topidd D0 OOOOOOO
gogboogbobuoobboabbuooobboobooobooobbuoobbooboboo
goboooboooboboooboooon

O00Ryutarod [29]00000000000000DO00O0O0O0O0OOO0O0O0O0OO0O0O
gobodgboobboobooobboobuoobboobuooboobbooboo

ChaomeiChen(3Q! DO 0O O0O0O00OO0O00OOOO0O0OODOOODOODOOODOOCiteSpace
gogobobooobboooobooobbooobooobbooobboooboboooobo
gogboogobouooobooobooobooobooobooobuoobboooboo
gbboobooobooobooboboooooboobobboboobooboaooooogon
gooooobobobobooooboboooooooooobobobooooboon
gbobogbooobboooboobooab

Sarad 2]00000000CCO00000O0OODODOOOOOODODOOCOOOOOOO
goboooobooobooobooobooobbooboooboobobboooboo

40



bbb obonooobogoooooooooobobobooboooboobo
gobogoobooobooobooobooobooobooobooobbooboo
gooo

000000000000 00000o00O0oDOO0000O0OgoOTze-Haw Huandd [31]10 0
0000000000000 0000000000000D0D00O0O000 InterRingD OO0
gboobogoboboooooobooboboboobooooobobobobobooooob
goboooobooooboooobooobooobooooooooboooooooonooo
goboobooobboobbooobooobooobboobbooobboboobboo
gogbobgdgbbuodobbuoobbuooobooobboobbuoobooboobooboboo
gbobooobooooboooboooooboooboooon

41



090 O0ooooudg

91 OO

googboboobobooboobmoboobuobobobobDbooboobooboo
gbogbooooboobobobooboboboboboboboooobobobobobo
gobooooboooboooboooboooboooooooboooobooooooo
gbobgobooooooobobooboooooboobooboboboboboboooboob
goboooobooobbooobbooobboobboobooobobuooboboaoooboo
goboooobooobooobooobooboboobobooooboonoooooooo
gbobgoboboooooobobgobobooooboooobobobooobooooon
gboboooouoobooboboboboboooboboboboooobobobobbo
goboooobooobooobobooobooobooooboooobooooboooooboon
gbobogboooooooooboobobooboooooboooboobooboboobooooon
gobooooboooboooboobbuooboboobobooobuooboobooooobooo
goboogobooobooobooobooobooobooobooboboooboo
goboobooooobobobooooboboboobooboobooboboobobooboboob
gooobooobooooboboobooooboooobobbomoooobobooboobob
goboogoobooboboooboooboooboooobooobooobooooboon
gooobgo

92 DOOOO

vbogbobuoooobdgboboobobobobobooooboboobobobo
goboooobooobooobooobooobooobooooboobooboooobooo
gbobgobooooboobobobgoobooooooobooobooboboboboooboob
goboooobuooboboobobooobuoooboooboooobuoooobooooboo
gobooboooboboooooon

gbobobobobooooobooboboboboooboobobobuobooboon
gobooooboooboooboooboooboooboooobooobooobooboo
goboooobooobooobooobooobooobooooboooobooooobooon
gbobgobobooooboobobgobooboooooboooobobobooboooboob
goboobooobbooooan

42



uboboooobooobooobooooboooboooooboooobooooboooooo
gobooobooobooobooobooobooobooobooboboooDboo
gbobogoooobooboboooobobobooboobooobobboboboboob
gobooboooboboobboobobooooboooboboobbooooboboobobooon
goboooboooboooboooboooboooboooboooboooDboo
gobogboobbooobooboaonbodg

43



HpN

uoboooobobooooboboobboooboooobooooboboooobooooo
goooobooboobooboboobooboooobobbooboboobOoobobDo
gogbooogobuooobuooobooobuoooboooboooobuooboboooboo
gobooooboooboooboooboooboooboooobooboobooooobooo
gbobooooobobobooooboobobooobooboobobooboooboooooD
gobooboobbooboood
ubobopooobooboooooboboooooboboboboooboboboooon
gbobgobooooboobobobgoboobooooboooboboboobooooooob
gobooobbodo
uoobooooboboobobobooboboobobooobooobobooonobooooon
gboboboboboboboboboboboboboobo
gbobooobooobooboboooboooboooobuooobooobooooo
00000000000 NAISOOODOOODOODOOODOOOODOOOODODOODDOO
gbobobobobooboboobooooboooobobooooo
gbobogbobooboboooboooboobobooooboooboobooobooaooo
gobooboobbooobooboboobboobooboooon

44



oo

[1] DODOoODOOOO,000,0000.000D00C0CO0O000D0D0OODODOOCODOOOO0
000D00000ooo.000o0ooo, Vol 17, No. 2pp. 707-712, 2007.

[2] Sarah Faisal, Paul Cairns, and Ann Blandford. Building for Users not for Experts: Designing a
Visualization of the Literature Domairl1th International Conference Information Visualiza-
tion (IV '07), pp. 75-80, 2007.

[3] Fernando V. Paulovich, Roberto Pinho, Charl P. Botha, Anton Heijs, and Rosane Minghim.
PEX-WEB: Content-based Visualization of Web Search Res2i®8 12th International Con-
ference Information Visualisatiopp. 208-214, 2008.

[4] Edward Clarkson, Krishna Desai, and James Foley. ResultMaps: Visualization for Search In-
terfaces.|EEE Transactions on Visualization and Computer Graphpgs 1057-1064, 2009.

[5] Greg Smith, Mary Czerwinski, Brian Meyers, Daniel Robbins, George Robertson, and Desney
S. Tan. FacetMap: A Scalable Search and Browse VisualizdtitifE Transactions on Visual-
ization and Computer Graphicpp. 797-804, 2006.

[6] Anton Leuski and James Allan. Lighthouse: Showing the Way to Relevant Informa&gfa
IEEE Symposium on Information Vizualization (InfoVis 20@p) 125, 2000.

[7] Keith Andrews, Vedran Sabol, Wilfried Lackner, Christian Gutl, and Josef Moser. Search Result
Visualisation with XFIND.Second International Workshop on User Interfaces to Data Intensive
Systems (UIDIS’01)pp. 0050, 2001.

[8] Justin J. Donaldson, Michael Conover, Benjamin Markines, Heather Roinestad, and Filippo
Menczer. Visualizing social links in exploratory sear&til '08: Proceedings of the nineteenth
ACM conference on Hypertext and hypermegia 213-218, 2008.

[9] Mina AKAISHI, Koichi HORI, and Ken SATOH. Topic Tracer: a Visualization Tool for Quick
Reference of Stories Embedded in Document $etth International Conference on Informa-
tion Visualisation (IV'06) pp. 101-106, 2006.

[10] Orland Hoeber, and Xue Dong Yang. Interactive Web Information Retrieval Using Word-
Bars. 2006 IEEE/WIC/ACM International Conference on Web Intelligence (WI'0p) 875-
882, 2006.

45



[11] Orland Hoeber, and Xue Dong Yang. The Visual Exploration of Web Search Results Using
HotMap. Tenth International Conference on Information Visualisation (1V,Q&). 157-165,
2006.

[12] Orland Hoeber, Daniel Schroeder, and Michael Brooks. Real-World User Evaluations of a
Visual and Interactive Web Search Interfa@009 13th International Conference Information
Visualisation pp. 119-126, 2009.

13 0000,0000.000000000000D00CDODOO0D0D0DO0O0ODODOODOOO
ooooo.0cooooooo, 2009.

[14] Marian Dork, Sheelagh Carpendale, Christopher Collins, and Carey Williamson. VisGets: Co-
ordinated Visualizations for Web-based Information Exploration and DiscoVEEE Trans-
actions on Visualization and Computer Graphipp. 1205-1212, 2008.

[15] ACM Protal, 2010. http://portal.acm.org/portal.cfm.

[16] CiNii (Citation Information by NII). National Institute of Informatics, 2010. http://ci.nii.ac.jp/.
[17] Google Scholar, 2010. http://scholar.google.co.jp/schhp?hl=ja.

[18] Scientific literature digital library, 2010. http://citeseer.ist.psu.edu/.

[19) 0 O0O,00 0. WebOODOOODOOOOOODOODDOOODOOOOOO.OODOO,
2006.

[20] DO DO OOOO, 2010. http://ja.wikipedia.org/wiki/

[21] OCoOoOO,00D0O0,0000,0D00CO0,000,000D,000,000,000
uo,000,0b00,00b00.0000000D0000DO0DOOO0O0ODODOOO0O0O0.
Ose000b00o0onooobooooOoun, pp. 41-44, 2008.

[22] SK Card, JD Mackinlay, and B Shneiderman. Readings in information visualization: using
vision to think. 1999.

[23] Leandro Hernandez Almeida, Rodrigo A. de M. Lourenco, Bianchi Serique Meiguins, and
Aruanda Simoes G. Meiguins. WebPrisma: An Interactive Web-Based Tool for Exploratory
Visualization Using Multiple Coordinated Views2009 13th International Conference Infor-
mation Visualisationpp. 645-650, 2009.

[24] JFreeChart, 2010. http://www.jfree.org/jfreechart/.
[25] the prefuse visualization toolkit, 2010. http://prefuse.org/.

[26) 0 OO,0000.00000000000OO0OODOODODOOOODODODOOOODOOO
ooo.0oog, 2009.

46



[27] 0000,0000.0000000000 D-ABDUCTOROOOOOOOD.O0O0O0O00O
0000, Vol. 35, No. 9pp. 1739-1749, 1994,

[28] Ryutaro Ichise, Setsu Fujita, Taichi Muraki, and Hideaki Takeda. Research Mining using the
Relationships among Authors, Topics and Papédgh International Conference Information
Visualization (IV '07) pp. 425-430, 2007.

[29] Ryutaro Ichise, Hideaki Takeda, and Taichi Muraki. Research Community Mining with Topic
Identification. Tenth International Conference on Information Visualisation (IV,qf). 276-
281, 2006.

[30] Chaomei Chen. The centrality of pivotal points in the evolution of scientific netwdiik.
'05: Proceedings of the 10th international conference on Intelligent user interfape98 -
105, 2005.

[31] Tze-Haw Huang and Mao Lin Huang. Visual Analysis of a Co-authorship Network and Its
Underlying Structurelnternational Conference on Computer Graphics, Imaging and Visuali-
sation (CGIV’06) pp. 18-23, 2006.

47



