United States Patent

US009860308B2

(12) (10) Patent No.: US 9,860,308 B2
Berajawala et al. 45) Date of Patent: Jan. 2, 2018
(54) COLLABORATIVE CREATION OF 8,554,825 B2  10/2013 Falchuk et al.
ANNOTATION TRAINING DATA 8,566,787 B2  10/2013 Maskeri Rama et al.
(71) Applicant: International Business Machines (Continued)
Corporation, Armonk, NY (US) FOREIGN PATENT DOCUMENTS
(72) Inventors: Suneil H. Berajawala, Lowell, MA
(US); Anthony T. Levas, Yorktown WO 2013154502 AL 1072013
Heights, NY (US); Siddharth A.
Patwardhan, Yorktown Heights, NY OTHER PUBLICATIONS
&Ji);[})sawd D. Taieb, Charlestown, Georgios Petasis, The SYNC3 Collaborative Annotation Tool, 2012,
US) “IGI Global”, pp. 1-8.*
(73) Assignee: International Business Machines Chen et al., “ROSeAnn: Reconciling Opinions of Semantic Anno-
Corporation, Armonk, NY (US) tators,” Proceedings of the VL DB Endowment, 2013, vol. 6, No. 12.
. . ’ . . ’ . Heer et al,, “Voyagers and Voyeurs: Supporting Asynchronous
(*) Notice:  Subject to any disclaimer, the term of this Collaborative Information Visualization,” CHI 2007 Proceedings—
patent is extended or adjusted under 35 Distributed In_terac_tion, Apr. 28-May 3, 2007, p. 1029-1038, ACM,
U.S.C. 154(b) by 268 days. San Jose, California. .
(21) Appl. No.: 14/553,028 (Continued)
(22) Filed: Nov. 25, 2014 Primary Examiner — Ariel Mercado Vargas
(65) Prior Publication Data (74) Attorney, Agent, or Firm — Anthony R. Curro
US 2016/0147399 Al May 26, 2016 67 ABSTRACT
(51) Int. CL Collaborative annotation of a document. A GUI is generated
GO6F 17/00 (2006.01) by a host computer that displays a document to annotate. The
GO6F 17/24 (2006.01) GUI is transmitted by the. host computer to a plurality of
TI04L 29/08 (2006.01) client computers. Real time communication modes are
G060 10/10 (2012.01) established by the host computer between the client com-
(52) US.Cl puters, each including communication channels between all
CPC ) HO4L 67/10 (2013.01); GOGF 17/241 the client computers. The host computer receives annota-
"""" (2013 0l); GO6Q 10/1 0'1 (2’013 01); HO4L tions entered into the GUIs at the client computers, each
T 67/109 5 (2613 o1) annotation identifying a span of words in the document to
(58) Field of Classification Search ’ annotate and including an associated annotation type. The
’ ) host computer updates the GUI to include for display the
CPC o GOGF 17/24117’/ 3((})225 1(7}{)262138 81’7/(;(;?; received annotations and inter-rater agreement statistics
g lication file f - ’ h hist indicating the level of agreement between annotations
ce application ftle for compiete search hstory. received from each client computer and annotations received
(56) References Cited from the other client computers. The updated GUI is then

U.S. PATENT DOCUMENTS

6,564,246 Bl 5/2003 Varma et al.

transmitted by the host computer to the plurality of client
computers.

12 Claims, 10 Drawing Sheets

500 LN

y

510_]

Agreement to Other Annotators:

Agreeroent to Careect Annutations: 0.67

Nulfa
fern

in. suscipit
G dolor conv

purus faclis

Aanotations
Mary 0900.12 UH28/2014
"

Rober 931 24 012812014
sneczbig
Symptom

| 5608

el Dorec curgus
dui id ",

At fonafine

o3,

h
amet tortor,

5627



US 9,860,308 B2

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS
8,612,469 B2  12/2013 Neff et al.
2007/0118795 A1*  5/2007 Noyes ....ccceeenn. GOG6F 17/241
715/203
2010/0070845 Al* 3/2010 Facemire .............. GOG6F 17/241
715/230
2011/0113320 Al*  5/2011 Neff .....ccoocovvne G06Q 10/10
715/230
2013/0097481 Al* 4/2013 Kotler ... GOG6F 17/241
715/230
2013/0185622 Al 7/2013 Odean et al.
2013/0246098 Al 9/2013 Habboush et al.
2013/0262373 Al* 10/2013 Rampson ............ GOGF 17/2288
707/608
2013/0326330 Al* 12/2013 Harris ....cccoevveneeene. GOG6F 17/24
715/234

2014/0108908 Al 4/2014 Neff et al.

OTHER PUBLICATIONS
Ma et al., “Models and Tools for Collaborative Annotation,” Apr. 3,
2002, Linguistic Data Consortium, University of Pennsylvania,
Philadelphia, PA.
Neuwirth et al., “Issues in the Design of Computer Support for
Co-authoring and Commenting,” CSCW 90 Proceedings, Oct. 1990,
p. 183-195, ACM, Carnegie Mellon University, Pittsburgh, PA.
Weng et al., “Asynchronous Collaborative Writing through Anno-
tations,” CSCW’04, Nov. 6-10, 2004, ACM, Chicago, Illinois.
Zhou et al., “A Semi-Automatic Evaluation Scheme: Automated
Nuggetization for Manual Annotation,” Proceedings of NAACL
HLT 2007 Companion Volume, Apr. 2007, p. 217-220, Association
for Computational Linguistics, Rochester, N'Y.

* cited by examiner



US 9,860,308 B2

Sheet 1 of 10

Jan. 2, 2018

U.S. Patent

8il
FHOLS

NOIUUVLONNY
TWHINTD

s

b OId

SLIN3WNO0A
DONINIVEL

Ston,

433

A\

SLNIWNOOAQ

F04dN0S

Zit
NYHDOUd
NOLLVLONNY
JALLYHOEYTION

HIAHES

15)2
HHOMLIN

P
Ot

004

FOVHHELNI
EE
TYOIHAYED

oA
ONLLNGNOD
ANITO

A
g0Z1

vich
OVAHET LN
IS

TWOIHAYVYD

HAOAEA
ONLLNAWOD

INTND
My

YOCL



U.S. Patent Jan. 2, 2018 Sheet 2 of 10 US 9,860,308 B2

112 200
ol Jal
COLLABORATIVE COLLABORATIVE
ANNOTATION SESSION MANAGER
PROGRAM
GRAPHICAL USER
COLLABORATIVE INTERFACE
SESSION MANAGER 5
MANAGER —
200
ANNOTATOR
INFORMATION
ANNOTATION DATASTORE 59
TRAINING Ve
202
ANNOTATION
TRACKING
MULTIMODAL 304
Ai,;ﬁi’éggbi ANNQTATION
204 DATASTORE
— 306
ANNOTATION
FIG. 2 CONFLEC:;{OS
INTER-RATER
STATISTICS
210
S
WORKING
DOCUNMENT
DATASTORE,,

FIG. 3



US 9,860,308 B2

Sheet 3 of 10

Jan. 2, 2018

U.S. Patent

v S
ubisieun 121081 | 8P RLE0 NYSNS
£eLeet
JouoRESOT GZLETL | 821060 1HE80Y
wisidwoneg | pELEZL | 210060 AMYIN
JdAl (SINVIS AWILL Q1 HNNY
90¢




US 9,860,308 B2

Sheet 4 of 10

Jan. 2, 2018

U.S. Patent

805

Vs ‘Ol

- 208

2:a0504 seu wnlesd "uuR 01sn{ welng

sisnsod
ot NGeId Wit ojsnl LBjNN 500N

JIB eSS yueseld sIngG uesng

“SNAWIL) NS WIEND "SISIEDR) SUN A

Vi nfilanfy,
ipn

opny
~
4
Q30N
Wionciuhsg
BUIZ5a0s
PLOT/RZB0 6271060 BOghY
WAL
HZ5aus phoj
FLOZ/BE/R 2L 0080 My

STonEoUtY

OO jawe
US 1839 it REBNSSIBW U Ya SNSIND (SIS wingsd amoe ne ojsnf
‘SNSITB0S WNINGHSSA 1240 WNIUSLADUCD 1S SMIetU NS oA "wiep
BWspuay Joop was aendina sndiug) ne wenb ‘sisne; ounN TBjinu
SNGICED 28U SHHISSEY 194 SHBAUDD JOBD puaiislp 188 ioun) snaqdep
SISHOE; BNDSSIISHDL Sue; P udiosns ‘ur sispory 2 semarg ‘snbeu
SOU8 WUDSHRIA ISIUR 1S SiSiioey srund BIUDE DI BWIN SOIS OPOUIMOD
IBUCE Wwnsd SNQIONB} U SING IUNPISUN NS NDIB PUBIBIR S1N0BY
npgeryy ewin 16 somued e ssreed seu wingedd ‘usue opsni watiny
seseteid pong SRSSiouw wWusws seuessey Jaduies epbuly
SNSIND OBUGE] IS SHIOW B WMp 8A ‘sous enbie riduly S08n -4

BENU D 15 WMUSIUBE UBSWINODE o180y 1eipisdun
srund 29U IOy 1s a1ensod sy sedules ne jeie essew jeisoeid
sy uopeopaw |10 Rdimoa wnsdy 18 (W winuBuLID)

; Afsapy o SSIOE] SUAG 10 wes @A vy usdwas
fpisnag (N8 UIQIA “BINU JOIONE 0B QSO BINoIYaA
“Lm:w 1BUA .\_m&c._w Ao BNOE Na B8 DU uBdusYy
sisaubei
wiejdwon o enbye 1ing node jawe ¥s nue sgubes
BOAL STHOB; SgeUeUDA BINDYE SROUOUE DELOQ
ie - — 105 J9iaedul GO
Sedicowen unssiubie sinb OB Sisyoey
X3 HPUEID 19 IND J0jop pUBEBis sesn tteab Pl 08} JoLoE Siogo
uipniionios ‘anfine Jsdioouisln Jese winsd ‘se1sefa JKone WnuRuLIS)
0P CWInoNses pog jeseouid HDIpUSY UOU DiSqy 01N BHNpN
e Bussidipe imeiossuc) BUIZesis PRo] 1SILE 1S 10j0p umsd) Wwaio™

[#34 SWQ“ BAGT] JUSWN30Q

uRsng ¢

H3G0Y
1B
Ay B

sowep

SIorBjouny

08

2O° 0 SUONBIOULY 1981107 0] uslueniBy

G210 ISIQEIOUNY IR0 OF Jusnauby

T0LG

§
AN - 0dg



US 9,860,308 B2

Sheet 5 of 10

Jan. 2, 2018

U.S. Patent

86 "9id
208

ssnsad deu umnpaid ‘Lie

asensod
2au Wniead e osn] WBN 1RG0

RIS PSSR JRIO0RIL SING (LESAG

BOGLSE B8 LENh TSI SUunyy AR

AP\

o0} Jprie
1S 1858 UGIU BPENSSIB U ‘XS SNSING 151t IS winpasd anpoye s osnf
‘ENOSLOIBYS WNINGISIA 100 WNIUBUNPUOD Wid SNIGW WINN [aA ‘wep
WIBIPUSY 000 WAS siejndina sndwisy ns wienb ‘sisyoe) ouny By
sngidep Dau SNYDSBY Y IBA SERAUDD J0[0D puapee 1els souo) sagqdes
sisHioe} enbsojuslied ‘sisy pt udiosns ‘Ul sisnoe) B Jeuand ‘enbou
SO JUDSHRIL JOWE P S1SH0e) snund aiine] Bt Telin 504D DHOUILOD
23U0(] (WINSd: SNYIDNE} W SING CJUNDISHE NS NDIR PUAESIe SHNOR
IHGEING "BLN 18 oigad 1B asensod osu wingsid e opsnd wepn
jeisoeid piomp enseioW winBweis seusoveeyy uedwes embuy

[e]1sg]
i NSO DBUGC] 18 SHOW LIS WP 8A 'soss jenbie ebuyy eosng
N "BiNU PHIA WINUSLISIE UBSWINGOR cuoqy jaipiaditt
srund Dau oy 1 ausnsod susy sedwss 0o eI essews eisseid
SINGT CSNWINGEUY CIagl Jopone It Gedinica wnsdi 18 U WnUsWLIg
SPIEISELA CEIS SEls P wenbie SISITDE] SUNG 0 was o U uedwes
INUOYSD 159 POS eubBiy POLUSING W0 "B JOIoNE ‘OB 019 BIndiyaa
‘anbasiy o8 e pesesy wiwaditl 1edinos SN0R N8 1S P MeRusy
\.\s
wcm\i SEBIR ) wienbye 1eilbnag nosm wmmcm S nGue J
spubes Injqeing jedinioa UIRHUODS SNIE sgrusuaa by snouoys T
BIONTIAG osuo] IB uesunooe waiol ydiosns el ‘ea uipnkowos eipiedus
TIZ500S wpopy adinowegn wisspubip sinb wius s21880a SBUGNBER DY SISIOR] UBING &
Y10Z/8ZI60 6T L0B0 HBGOY X8 JPUBIY 1@ NP JOICP pusgisie sei ‘wienb Pl 08 LSOO} SRI0QO UBOOY &
HOKUAG uproiios ‘enbne Jedioosweyn Ryg winsd) ‘seysebie Joone WUy 310d
UIZ5aUs prot 10j0p 'UNNGIRSAA Pag JIeD HOIPUBY UOU OlSqy JOINe BN AR @
= PLOT/RZIE0 ZL 0060 ARy We Bumsikpe imeesucs BIFEaUE PRD] 1DWE 1S iDjop wnsd) waioT sewer
705 SUCHEIOULY wnsd; s UBWNGO SIGIRIoULY
L9°0 sutheloulY WsluoD &Y Emrcmm\_@{ GO0 SIoIRIcUUYy sl O3 ucmﬁmmﬁ@,ﬂ s ey

S
" - ade

905

0ig



U.S. Patent

Jan. 2, 2018

START

SO0~

ESTABLISH
COLLABORATIVE
ANNOTATION
SESSION

802~

OPEN
SOURCE
DOCUMENT

¥

604 ~od

RECEIVE & TRACK
ANNOTATIONS

¥

606 ~o~

IDENTIFY
CONFLICTS
BETWEEN
ANNOTATIONS

Sheet 6 of 10

FIG. 6

k4

DISFLAY
CONFLICTS TO
ANNOTATORS

US 9,860,308 B2

1. 608

¥

RECEIVE UPDATED
ANNOTATIONS

510

¥

CONFLICTS
RESOCLVED?

Y

¥

CREATE
TRAINING
DOCUMENT

612

L+ G14




US 9,860,308 B2

Sheet 7 of 10

Jan. 2, 2018

U.S. Patent

2070

Vi 'Oid

I TAVA

RN

FUOHBIOUTY

OO} IBe
S 1218 YQiu BPENSSIBW U XS SNSIND (S 1siL "winpasd inots ne otshf
‘SnbSUBRNS LINNGHSSA 1240 UWINJUSWIBUCD JiD SMSW NBNI jaA ‘Leip
BipuaYy 100p wes ‘elendina sndwsy na wenb 28} JUNN “BENU
shigidep 28U SNRsBl "{8n SIIBALIDS ICIOD pusyies 18bs ooy sngidep
SisiioR) ANbSAUSHS "SUBE P RASNS ‘U oe B seunnd ‘enbau
SOIR RISSHRI 1BUIE NS SISHIDE] shund BRN0E; DI ‘RUIN S0J5 OPQUILICD
oguoq Cwinedi SNQIONB; U SING IUNDICUT} NS NoIE pUSHRR SHNoE)
INNGEING TBUIN 18 Jompod 8 ssansod oau wnpid ‘unus osnf uejiny
ieteseid P ANSOIOW WNUaWSie Stuldsel laduwes gpbuy
SHSING JBUC(T IR SO e WINDip 1A ‘swus janbie epbuuy oosng

BN P18 WINUSIUSIS LESIINDIE CIagl Jensdus
snind Seu QoK 1o akensed sie) sedwies ne ‘leie essew seoed

St uonesipoyy ¢ 10 JEdinoa wned jo W WNUBLLGY
Sry ABsapy & SISHITE] SORD in wos @A uf adies
gt Auisagg PO UIDIG BINU LGIONE DR 0IG0)] BNOILRA
‘an Yeném redirgon SRDE Ne BB P Uesusy

wc_anEOQ IBIUD W, enbge lneg) e jpwe ¥s noe syubes
\,E,m ETIYE SO0 speusuea einbll SNOUOLE S8R0
i -~ g ofic ‘Wea WODESHOS 1BIped 1HION

wadiooweyn wissiubp smb D8 BIBHOLS
Xa PPUBY 18 IGD 0P puspe@ SES Wweab of 08 0Ll BIMoGo|
wenpoos enbine sediotusegn s unsd) ‘seysolia Jojone wnjuBLLS;
JGOp ‘wnnggses peg JEiesed WBIDULY UOU DB J010NE BENN
e Busidipe imetcesucs BUIZESUS PRo; 1ewe 1S Joop winsdt wieson

wingd} WaioT JUBWN0J

JO°0 [SUOREZICULY 1084107 0} usulesby

§7'0 1SIOIOUUY SBUIC W) Juslinaiby

t

oL

{
" - 00



US 9,860,308 B2

Sheet 8 of 10

Jan. 2, 2018

U.S. Patent

04

g1 9id
202

AN

wodiAy

HBZaaUs

LOZ/SEB0 62 LB VoYY
wondiuAg

(7888 phg)

FLOT/BZIG0 TLODRN AR

SUOTEBUTY

ICL0TIDWE
US 1849 HGIU EPENSSIBLW L ‘X8 SSIND |S1 SIU winneud sntoe n1s oisni
‘nbsSPsiens UNNGHSSA, U0 WINUS UIDUOD 1S SMISWE LI iRA “iBlp
Wwaipusy P was ‘eyeindna sndwsy ne wienb ‘sisyoe) SunN Celnu
SNGIIBP 08U SRRRSEY 19A SHIBAUOS 100D pussle jabe ‘oo sngidep
spsiony anbsapaiag suop B pdosns u sspoey e sewand ‘enbou
SIS JUDSERLY 1RE B3 SIBNoR) srund BIUIOE] B BN SOI& OPODWLICT
o8uoQ Wwinsdl SNGONE} Ul SING IUNRISUR N8 DB DUSHBIR SEN0E;
ANNGRINGD "eLIn 18 10104 ‘19 suensod oau winpald funus cisni weynn
JessoRid D IDp SRS9IOW winuewes seuaosel edwes epbuy
SRS OBUOLT 9 SHIOW BB Wnoip Ba ‘sose Jonbye epfiuy sosng

BUNG P 1S LINRISUISS LESILNGOR iagi 1aimadis
srund o8 IO 15 Rlsnsod se) Jediwiss ne eie BSSEW 180l
SINGY TSNS 0iBqy J010nE Wy tedinioA winsd: 19 W WIUSULIS)
SNHISRUL IR 2ela o wenbye SISHIDE] DUNU (0 Wes vA U Jediuss
9 159 pos puliLu POWSING Wi BN JOIINE "OR OGN SNoREa
‘Bnbisil 09 B JUSSERLY Jeipedul RAIBPA SN0 NS BB DL UBBUBY

‘wenbye 12fns] Noe eWe ¥s Nole
subes INMIGRIND TEdIOA LIDNHOHIOS SNOS) SiBLIBURA Bl SnOUcLY
DOUD(] 32 uRsWINDDE weio] ydiosns 1ebo ‘weA upmpos 1eipedivg
iqlow “sadioswieyn wissiubip sinb wius seyselis seULsOR) DB SISHOD]
X8 ppURIG 10 NG I0I0P pUSSE SO wenb pl o8] oD} SIoqo;
wiprpoges ‘enbne sadioowepn Mg umss) ‘sepsaBo LoNE WNUBULIS)
P wningnses peg eseor® Lisipuay UDY CIBGH JONE BN
e Bunsidipe Jnsinesung TRIZEOUS PHO] 10WE IS J0j0R WINSd! Wsio

WNSC WBKGT] [JusWnDo

20°0 [SUCKEIOUUY W0aLes) o} juaweslfy G/10 SIOIMICULY IR0 01 BwRsIBY

oL

§

v/!i 771 004



U.S. Patent

Jan. 2, 2018 Sheet 9 of 10

{ START ’

¥

ESTABLISH
TRAINING
SESSION

.- 800

¥

OPEN SCURCE
TRAINING
DOCUMENT

.- 807

¥

RECEIVE
ANNOTATION

804

A4

DISPLAY
COMPARATIVE
ANNOTATION
INFORMATION

.- 806

FIG. 8

US 9,860,308 B2



US 9,860,308 B2

Sheet 10 of 10

Jan. 2, 2018

U.S. Patent

6 Did

ALOMLIN Ol 3

(2)FOV-L TN
HO (S)u3 LdvaY

BOS

)

sy,

GE6 (SINVHOOHE NOLLYD TddY ~

018 (SINTLSAS ONLLYYILO ~

VIO JOVHOLS
A1GVOVI-HALNGN0D

(sinod |

A

~— 006

(Siwvd |

¥

M 06

SAOMLIN
9i6
oEn N
JOVHOLS FOVAITLNS
oz~ Tavavad NCEINY: .
\ -H3LNANCD M
EVLN0d ;
pi6
926
226 ~
SHIANA
\k 301A30
z )
026
z16

¥

(S)80SS300Hd|
206




US 9,860,308 B2

1
COLLABORATIVE CREATION OF
ANNOTATION TRAINING DATA

BACKGROUND

The present invention relates generally to the field of data
processing and the presentation processing of documents,
and more particularly to a graphical user interface that
supports synchronous collaborative work between multiple
users.

SUMMARY

Embodiments of the present invention disclose a method,
computer program product, and system for collaborative
annotation of a document. A graphical user interface (GUI)
is generated by a host computer that displays a document to
annotate. The GUI is transmitted by the host computer to a
plurality of client computers. A plurality of real time com-
munication modes are established by the host computer
between the client computers, each communication mode
including communication channels between all the client
computers. The host computer receives from the plurality of
client computers a plurality of annotations entered into the
GUIs at the client computers, each annotation identifying a
span of words in the document to annotate and including an
associated annotation type. The host computer updates the
GUI to include for display the received plurality of anno-
tations and inter-rater agreement statistics indicating the
level of agreement between annotations received from each
client computer and annotations received from the other
client computers. The updated GUI is then transmitted by
the host computer to the plurality of client computers.

In another aspect of the invention, conflicts between the
received annotations are identified by the host computer. A
conflict is one or more of an annotation with a span that
partially overlaps the span of another annotation, an anno-
tation with a span that partially or wholly overlaps the span
of another annotation and the associated type of one of the
annotations does not match the associated type of the other
annotation, and a span of words associated with fewer
annotations than the number of the plurality of client com-
puters. Updating, by the host computer, the GUI further
includes including for display the identified conflicts
between the received annotations.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 is a functional block diagram of a collaborative
document annotation system, in accordance with an embodi-
ment of the present invention.

FIG. 2 is a functional block diagram of the collaborative
annotation program of FIG. 1, in accordance with an
embodiment of the present invention.

FIG. 3 is a functional block diagram of the collaborative
session manager module of FIG. 2, in accordance with an
embodiment of the present invention.

FIG. 4 is an illustration of the record layout of the
annotation datastore of FIG. 2, in accordance with an
embodiment of the present invention.

FIGS. 5A and 5B illustrate a graphical user interface for
collaborative annotation, in accordance with an embodiment
of the present invention.

FIG. 6 is a flowchart depicting operational steps of the
collaborative session manager module of FIG. 2, in accor-
dance with an embodiment of the present invention.
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FIGS. 7A and 7B illustrate a graphical user interface for
annotator training, in accordance with an embodiment of the
present invention.

FIG. 8 is a flowchart depicting operational steps of the
annotation training module of FIG. 2, in accordance with an
embodiment of the present invention.

FIG. 9 is a functional block diagram of components of a
client computing device and/or a server device of the
collaborative document annotation system of FIG. 1, in
accordance with an embodiment of the present invention.

DETAILED DESCRIPTION

Correctly annotated documents may form the basis for
training data for natural language processing (NLP) based
automated annotation systems. Correctly annotated docu-
ments may also be used as training tools to train human
annotators. Various embodiments of the invention are
directed to collaboratively producing correctly annotated
documents in real time, or synchronously. Annotators may
collaboratively annotate a document via, for example, a
graphical user interface (GUIs) at each annotator’s comput-
ing device. The synchronous collaborative annotation ses-
sions are managed by a session manager application on a
network server. The session manager receives annotations
from each annotator and can display all received annotations
on each annotator’s GUI. As annotations are received, the
session manager may compute various inter-rater agreement
scores, for example, Kappa scores, indicating, for example,
the level of agreement among all annotators for a given
annotation, or the level of agreement of a specific annotator
to all other annotators for one or more annotations.

To assist the annotators, in arriving at a consensus for an
annotation, or, for example, arriving at an inter-rater agree-
ment score above a threshold value, the GUIs include one or
more real time communication channels between the anno-
tators managed by the session manager. The communication
channels may include, for example, a real time group chat
session, a real time video conference, a real time group audio
channel, etc. The real time communication occurring over
the communication channels may be stored, and include
timing marks that associate portions of the communications
to an annotation being discussed. The annotators may itera-
tively annotate a phrase until a desired level of agreement is
reached. A history of how each annotation progressed to a
correct annotation may be stored to assist in identifying
persistent annotation issues, in calculating inter-rater agree-
ment scores, and in training human annotators to correctly
annotate documents.

An annotation coordinator may act as the final arbiter in
resolving conflicting annotations and determining the “cor-
rect” annotation. In certain embodiments, NLP based tools
may assist the annotation coordinator in determining a
correct annotation by, for example, analyzing a corpus of
previously annotated documents and providing ranked rec-
ommendations for resolving specific annotation conflicts.

In various embodiments, a guideline outline may be
automatically generated that includes, for example, a sum-
marization by type of each annotation in the document. A
summary by type may include, for example, each correct
annotation and the associated incorrect annotations, and
links to any associated real time discussions that may have
occurred over the multimodal communication interfaces.
The guideline outline may form the basis of a training
guideline document for the specific type of document being
annotated. For example, based on an automatically gener-
ated guideline outline, a training guideline document may
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include correct examples for each type of annotation
expected to be encountered in a source document. The
training guideline document may also include examples of
frequently occurring incorrect annotations associated with
each annotation type, and links to relevant real time discus-
sion that may have occurred during creation of the correctly
annotated document.

In certain embodiments of the invention, human annota-
tors may be trained to annotate documents based on a corpus
of correctly annotated documents. The session manager,
operating in a single user training mode, may manage, for
example, a GUI at an annotator’s computing device that
displays the unannotated text from a previously correctly
annotated document. As the annotator annotates the text,
various statistics, for example, inter-rater agreement scores,
and other information may be displayed to the annotator to
assist in the training.

In embodiments of the invention, an annotation may be a
comment associated with text, image, or other objects in a
document, collectively referred to herein as text. The com-
ments may be limited to certain recommended or allowed
comments. Annotation involves selecting one or more spans
of words or characters, or phrases, in a document, and
entering a comment to associate with the phrase or phrases.
A phrase may be a single word, multiple words, multiple
characters, a sentence, or multiple sentences. A phrase may
also include images and other objects in a document. In an
exemplary embodiment described in more detail below,
medical case notes are annotated with a specific set of
“entity types,” for example, “Chief Complaint,” “Vital
Sign,” etc. Two or more phrases may be linked by a
“relation” annotation, for example, “Cause Of,” “Location
Of,” etc. The span of one annotated phrase may wholly or
partially overlap the span of another annotated phrase.

FIG. 1 is a functional block diagram of collaborative
document annotation system 100, in accordance with an
embodiment of the present invention. Collaborative docu-
ment annotation system 100 includes network server 110
and client computing devices 120, all interconnected over a
network 130.

Network 130 can be, for example, a local area network
(LAN), a wide area network (WAN) such as the Internet, or
a combination of the two, and can include wired, wireless,
or fiber optic connections. In general, network 130 can be
any combination of connections and protocols that will
support communications between server 110 and client
devices 120, in accordance with embodiments of the inven-
tion.

In various embodiments of the invention, a client com-
puting device 120 may be, for example, a laptop computer,
tablet computer, netbook computer, personal computer (PC),
a desktop computer, a personal digital assistant (PDA), or a
smart phone. In general, a client computing device 120 may
be any programmable electronic device capable of commu-
nicating with server 110 via network 130, and of supporting
functionality as requited by one or more embodiments of the
invention. A client computing device 120 may include
internal and external hardware components as depicted and
described in further detail below with reference to FIG. 9. As
described in more detail below, each client computing
device 120 includes a graphical user interface 122.

Server computer 110 may be a laptop computer, netbook
computer, personal computer (PC), a desktop computer, or
any programmable electronic device capable of hosting
collaborative annotation program 112, described below, and
communicating with client devices 120 via network 130, in
accordance with embodiments of the invention. Server com-
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puter 110 may include internal and external hardware com-
ponents, as depicted and described in further detail below
with reference to FIG. 9.

In an embodiment of the invention, server computer 110
includes collaborative annotation program 112, source docu-
ments 114, training documents 116, and central annotation
store 118.

Source documents 114 represents a store of documents
that may be annotated. Source documents 114 may reside,
for example, on computer readable storage media 908 (FIG.
9). These documents may include, for example, word pro-
cessing documents, such as documents generated by Micro-
soft Word®, OpenOffice® Writer®, or other proprietary or
open source word processing systems. The documents may
also include records, or fields within records, created by
special purpose application systems. For example, in an
exemplary embodiment, a document may be one or more
medical case note entries in an electronic health record
(EHR) or electronic medical record (EMR) created by
medical professional during a patient examination using a
proprietary or open source EHR/EMR system. One of skill
in the art will recognize that the principles of the invention
apply to annotating any type of source document, such as a
video, a picture, a file written in HTML, or other formats
such as text, XML, or PDF.

Training documents 116 represents a store of correctly
annotated source documents 114. Training documents 116
may be used, for example, to train NLP based automated
annotation systems, and to assist in training human annota-
tors. Central annotation store 118 represents a store of all
annotations received by collaborative annotation program
112 from annotators via client computing devices 120. These
annotations may be used, for example, to assist annotators,
to train NLP based automated annotation systems, and to
assist in training human annotators.

Collaborative annotation program 112 operates generally
to host a collaborative annotation session between multiple
client computing devices 120 to enable multiple annotators
to collaboratively annotate a source document 114 in real
time. As described in more detail below, collaborative
annotation program 112 may receive an initial request, for
example, from a client computing device 120, to open a
source document 114 in source documents 114 for annota-
tion. Collaborative annotation program 112 initiates a col-
laborative annotation session by, for example, establishing
the necessary datastores in the memory of server 110 to
manage the collaborative annotation session, and transmit-
ting a GUI 122 to the initiating client computing device 120
to allow annotation of the document. As additional client
computing devices 120 join the collaborative annotation
session, they also receive a GUI 122. In an exemplary
embodiment, collaborative annotation program 112 estab-
lishes multimodal communications between client comput-
ing devices 120 via the GUIs 122 to allow annotators to
communicate and collaborate during the collaborative anno-
tation session. The multimodal communications may
include, for example, a real time group chat session, a real
time video conference, etc.

FIG. 2 is a functional block diagram of collaborative
annotation program 112, in accordance with an embodiment
of the invention. Collaborative annotation program 112 may
include collaborative session manager 200, annotation train-
ing module 202, and multimodal application manager 204.

Collaborative session manager 200 operates generally to
manage the GUIs 122 on client computing devices 120, to
track and store annotations of a document 114 received via
the GUIs 122, and, when annotation of a document is
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complete, to write out the annotated document as a correctly
annotated training document 116. In an exemplary embodi-
ment, all annotations received by collaborative session man-
ager 200 for all annotated documents are stored in central
annotation store 118.

FIG. 3 is a functional block diagram of collaborative
session manager 200, in accordance with an embodiment of
the invention. Collaborative session manager 200 may
include GUI manager 300, annotator information datastore
302, annotation tracking module 304, and working docu-
ment datastore 312. Annotation tracking module further
includes annotation datastore 306, annotation conflict mod-
ule 308, and inter-rater statistics module 310.

In an exemplary embodiment, GUI manager 300 operates
to manage the GUIs 122 on computing devices 120. When
a collaborative annotation session is initially invoked, for
example, by entering a universal resource locator (URL) into
a web browser on a client computing device 120, server 110
receives the request, for example, over network 130, and
directs it to collaborative annotation program 112. Within
collaborative annotation program 112, the request is passed
to GUI manager 300 of collaborative session manager 200
to initialize the session.

GUI manager 300 may send an initial login web page to
a GUI 122, for example, a web browser, on the requesting
client computing device 120 to request, for example, an
annotator ID and a source document to annotate. When the
requestor enters and transmits an annotator ID and source
document name back to GUI manager 300, the GUI manager
may initialize and/or populate annotator information data-
store 302, described just below, with information identifying
the collaborative annotation session requestor, and may
identify the requestor as the collaborative annotation session
coordinator. As additional annotators join the collaborative
annotation session, information for each annotator is entered
into annotator information datastore 302.

Annotator information datastore 302 represents a data-
store, for example allocated storage on computer readable
storage media 908, to record information associated with
each annotator who joins a collaborative annotation session.
This information may include, for example, an annotator ID
for each annotator, the network address of the client com-
puting device 120 associated with an annotator ID, a color
or other distinguishing characteristics associated with anno-
tations received from an annotator, an indicator indicating
whether an annotator is acting as the collaborative annota-
tion session coordinator, etc.

GUI manager 300 may then retrieve the document to
annotate from source documents 114, and load the document
into working document datastore 312. Working document
datastore 312 represents a datastore, for example allocated
storage on computer readable storage media 908, that is used
as working storage for a source document 114 while the
document is being annotated. In an embodiment, metadata is
added to the retrieved document that associates a number
with each “word” in the document. For example, a word may
be defined as one or more contiguous alphanumeric char-
acters delimited by one or more spaces (or other characters,
such as a dash), and each word in the document, beginning
with the first, may be consecutively numbered. A word may
also include other objects in the document, such as images.
In other embodiments, each character, or other groupings of
characters, such as syllables, may be numbered. As
described in more detail below, this metadata provides a
mechanism to identify the span of an annotation.

GUI manager 300 may then transmit to the requesting
client computing device 120 a collaborative annotation web
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page, such as collaborative annotation web page 500 (FIG.
5), described in more detail below. In various embodiments,
the collaborative annotation web page provides a way for
annotators to enter and submit annotations of the document
to collaborative session manager 200, and to display anno-
tations submitted by each annotator to all annotators. For
example, the collaborative annotation web page may include
a version of the source document from working document
store 312, including the word and/or character numbering
metadata, embedded in the web page, and Java scripts that
facilitate user annotation of the embedded document and
transmittal of the annotations to GUI manager 300.

The collaborative annotation web page may also provide
a platform to embed one or more multimodal communica-
tion interfaces, such as multimodal communication inter-
faces 508, described in more detail below, to allow com-
munications between the computing devices 120 that are
collaboratively annotating the source document 114. In an
embodiment, when two or more client computing devices
120 have joined a collaborative annotation session hosted by
collaborative session manager 200, multimodal application
manager 204 (FI1G. 2) may, at the request of the collaborative
session manager, establish one or more multimodal com-
munication sessions between the client computing devices.
For example, multimodal application manager 204 may
establish one or more server based communications inter-
faces, such as an instant messaging application, a video chat
application, a voice application, etc. These communication
applications may include any suitable proprietary or open
source server based communications interfaces, in accor-
dance with an embodiment of the invention. In an embodi-
ment, multimodal application manager 204 may establish
one or more server based communications interfaces
between all annotators based on the network addresses
associated with the annotators stored in annotator informa-
tion datastore 302. These interfaces may be embedded in the
collaborative annotation web pages managed by GUI man-
ager 300.

In certain embodiments, the real time communications
occurring over the multimodal communication interfaces are
stored in a datastore. The stored communications may
include, for example, timing marks, entered, for example, by
the collaborative session coordinator, to associate portions
of the communications with the annotations that are being
discussed. Links to these timing marks may be included in
the metadata written to the working document in working
document datastore 312 to link annotations to real time
discussions that may have occurred over one or more of the
multimodal communication interfaces.

Returning to FIG. 3, after GUI manager 300 has trans-
mitted collaborative annotation web pages to all client
computing devices 120 that have joined the collaborative
annotation session, and multimodal communication inter-
faces have been established by multimodal application man-
ager 204 between all the client computing devices, annota-
tors may begin to annotate the selected source document 114
embedded in the collaborative annotation web pages. As
each annotation is received by GUI manager 300 via, for
example, the GUI interfaces 122, the annotations are
recorded by annotation tracking module 304 in annotation
datastore 306.

In certain embodiments, client computing device interac-
tion with server 110 is conducted through a collaborative
annotation client application that resides on each client
computing device 120. In these embodiments, for example,
GUI manager 300 of collaborative session manager 200 may
perform certain centralized functions, and the resident client
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application may provide the annotator interface. For
example, each resident client application may request and
receive a copy of the desired source document 114 and
prepare the source document for annotation, by, for example,
embedding metadata that identifies the position of each
character in the source document. As each annotator anno-
tates their copy of the source document 114, via their
resident client application, the annotations are transmitted to
GUI manager 300. GUI manager 300 may record all
received annotations in annotation datastore 306 and central
annotation datastore 118, and transmit each annotation
received to all executing resident client applications on
client computing devices 120, which then may update their
local copies of the source document 114. GUI manager 300
may also identify annotation conflicts and calculate inter-
rater agreement statistics, which may then be transmitted to
the resident client applications for display to the annotators.

FIG. 4 illustrates a field layout for entries in annotation
datastore 306, in accordance with an embodiment of the
invention. The fields may include annotator ID (ANNR ID),
an annotation timestamp (TIME), the annotation span(s)
(SPAN(S)), and the type of the annotation (TYPE). Those of
skill in the art will recognize that annotation datastore 306
may include many additional and/or different fields, depend-
ing on the design of various implementations. In this
example, annotator ID may be the annotator login ID from
annotator information datastore 302. The annotation time-
stamp represents any internal representation of a time or
date/time, in accordance with an embodiment of the inven-
tion. Annotation span(s) may be defined as, for example, the
starting word or character of the annotation and the ending
word or character of the annotation, as illustrated, or any
other suitable span format. An annotation may include, or
require, more than one annotation span. For example, as
illustrated, the second annotation, received from annotator
ID “Robert,” has the type “LocationOf,” which is a relation
type annotation. In the exemplary embodiment, relation type
annotations link two or more annotation spans. For example,
a LocationOf relation type annotation may link an anatomic
site to a finding, such as “right lung,” an anatomic site,
located in the source document beginning at word location
123 and extending to word 125, is the location of “pneu-
monia,” a finding, located in the source document beginning
and ending at word location 133.

Returning to FIG. 3, as annotations are received from
client computing devices 120 that have joined the collab-
orative annotation session, GUI manager 300 may update
the collaborative annotation web page to include all received
annotations, and transmit the updated page to all client
computing devices 120. As described in more detail below,
annotations embedded in the web page may, for example,
include metadata identifying the annotator, and may, for
example, include color formatting information so that anno-
tations from each annotator are displayed in a characteristic
color. Embedded Java scripts may, for example, cause the
display of information related to an annotation, such as how
all annotators annotated a particular span, when the cursor is
positioned over a span of annotated text in an annotated
source document 114.

When annotations are received from multiple annotators,
annotation conflicts may be identified by annotation conflict
module 308. Annotation conflicts result when annotations
from all annotators do not match. For example, the span of
one annotation may partially, but not exactly, overlap the
span of another annotation, or the annotation type of over-
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lapping annotations may differ. Another type of conflict is
where an annotation has not been identified by all annota-
tors.

For example, collaborative session manager 200 receives
a request from client computing device 120A, to annotate
the phrase “loud sneezing” with the type “ChiefComplaint™
in a source document 114 that is being collaboratively
annotated. Annotation tracking module 304 then adds a
record to annotation datastore 306 recording the location,
span, and type of the annotation. A second annotation
request is received and recorded from client computing
device 120B to annotate the phrase “sneezing” with the type
“ChiefComplaint.” These two annotations conflict because,
although the annotation type matches, the span is different.

If all annotators agree, then annotation datastore 306 will
include groupings of annotations having identical spans and
types, and each grouping will include one annotation per
annotator. Conflicts between annotations exist when an
annotation has a span that partially overlaps the span of
another annotation, an annotation has a span that partially or
wholly overlaps the span of another annotation and the
associated type of one of the annotations does not match the
associated type of the other annotation, or a span of words
is associated with fewer annotations than the number of the
client computers.

Annotation conflict module 308 may identify annotation
conflicts by, for example, sorting the entries in annotation
datastore 306 by span. Conflicting annotations may be
identified in the sorted entries as entries that only partially
overlap adjacent sorted entries, adjacent sorted entries that
exactly overlap but have different types, and groupings of
matching entries (or single-entry groups) that do not include
entries from all annotators who were or are members of the
collaborative annotation session. Similarly, for relation type
annotations, conflicts may be identified for each span and
associated type of the relation, and for the relation type of
the annotation. In an embodiment, GUI manager 300 may
embed metadata in the collaborative annotation web page
that may identify conflicting annotations with a particular
display characteristic, such as color, font, formatting, etc.

In an exemplary embodiment, inter-rater statistics module
310 may analyze the annotation entries in annotation data-
store 306 to produce statistical measures indicating a level of
agreement among annotators with respect to their annota-
tions. For example, statistics may be produced showing the
level of overall agreement between all annotators for all
annotations in a source document, the level of agreement of
each annotator to all other annotators, the level of agreement
between each annotator and the correct annotations in a
source documents, etc. In certain embodiments, all annota-
tions for all collaboratively annotated documents are
recorded in central annotation store 118. For these embodi-
ments, inter-rater statistics module 310 may produce statis-
tics that take into account these historical entries. For
example, a certain phrase that is annotated in the current
source document 114 may have appeared in, and been
annotated in, other source documents. Inter-rater statistics
module 310 may include these historical annotations in
certain inter-rater agreement calculations. Such statistics
may be displayed on the collaborative annotation web pages
to assist annotators in better arriving at consensus annota-
tions.

In various embodiments, inter-rater statistics module 310
may use any suitable statistical calculation to produce inter-
rater agreement scores, as may be known to those skilled in
the art. Typically, inter-rater agreement scores are calculated
by determining the degree of agreement in classification
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over that which would be expected by chance. For example,
the level of agreement between all annotators may be
calculated using Fleiss” kappa, which is a statistical measure
for assessing the reliability of agreement between a fixed
number of raters when assigning categorical ratings to a
number of items or classifying items. The level of agreement
between an annotator and the correct annotations may be
calculated using, for example, Cohen’s kappa or Scott’s pi
statistic. Those of skill in the art will recognize that other
statistical measures may be used to determine inter-rater
agreement. More sophisticated approaches may also be
used, such as using weighted kappa measures to indicate that
certain disagreements between types may be given more
weight.

Returning to FIG. 2, after all annotations have been
agreed upon, for example, by having the annotator desig-
nated as the collaborative annotation session coordinator
indicate all correct annotations, collaborative session man-
ager 200 may produce a correctly annotated version of the
source document 114 and write the document to training
documents 116. A correctly annotated version may be pro-
duced, for example, by extracting a correctly annotated
version from working document datastore 312, and writing
the document to training documents 116 in the desired
document format or formats. One format of the training
document 116 may include, for example, metadata that
includes the annotation history of the document that may be
used for annotator training purposes.

Returning to FIG. 1, a client computing device 120
includes a GUI 122. In an exemplary embodiment, a GUI
122 is a collaborative annotation web page transmitted from
GUI manager 300 of collaborative session manager 200, and
displayed in a web browser executing on the client comput-
ing device 120 that allows an annotator to interact with
collaborative annotation program 112 on server 110.

FIGS. 5A and 5B illustrate a GUI 122, in accordance with
an embodiment of the invention. As mentioned above, in an
exemplary embodiment, GUI 122 is a collaborative anno-
tation web page 500 displayed in a web browser executing
on a client computing device 120. Collaborative annotation
web page 500 includes a document pane 502, an annotations
pane 504, an annotator listing pane 506, a multimodal
communications pane 508, and an inter-rater agreement
statistics pane 510. HTML code and embedded Java scripts
may control how information is presented on the web page,
and control interactions of the annotator with this informa-
tion.

Document pane 502 contains the source document 114
that is being annotated. In an exemplary embodiment, docu-
ment pane 502 includes all annotations from all annotators.
For example, when an annotator annotates a phrase within
the document pane 502 of the GUI 122 displayed on the
client computing device 120 of the annotator, information
defining the annotation, such as annotator 1D, annotation
location and span, annotation type, etc., is transmitted to
collaboration session manager 200. The annotation infor-
mation may be passed to annotation tracking module 304,
where it may be stored in annotation datastore 306, any
conflicts with other annotations may be identified by anno-
tation conflict module 308, and inter-rater statistics may be
updated by inter-rater statistics module 310. Annotation
information may then be passed to GUI manager 300, which
may incorporate the just-received annotation, as well as any
changed annotation conflict and inter-rater statistics infor-
mation, into working document datastore 312. GUI manager
300 may then generate an updated collaborative annotation
web page 500 and transmit the new collaborative annotation
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web page to all GUIs 122 so that the just-received annotation
will be displayed on all GUIs 122. In various embodiments,
GUI manager 300 may create “personalized” collaborative
annotation web pages 500, for example, with respect to
inter-rater statistics, and transmit a personalized collabora-
tive annotation web page to each GUI 122 that is specific to
the annotator using the client computing device 120.

FIG. 5A illustrates an embodiment of how a phrase may
be annotated. As shown, the phrase “Maecenas egestas
enim,” located within the text displayed in document pane
502, has been selected, for example, by left-clicking a mouse
or other pointing device and highlighting the desired span of
text by dragging a “select” mouse pointer over the desired
phrase. In FIG. 5A, the selected text is indicated as shaded.
The annotator may then right-click the mouse to display a
context drop-down menu that displays selectable “type”
entries. When the annotator selects a type, this information
may then be transmitted to collaborative session manager
200.

FIG. 5B illustrates an embodiment of how annotation
information from all annotators may be displayed. As
shown, the phrase “loud sneezing,” located within the text
displayed in document pane 502 is bolded and underlined,
indicating that the phrase has been annotated by one or more
annotators. Locating the mouse cursor over the phrase
results in a display in annotations pane 504 of information
that may include how annotators have annotated the phrase.

Annotator listing pane 506 may display a listing of all
annotators that contributed annotations to the current anno-
tated source document 114, including an indication of
whether the annotator is available in one or more collab-
orative session real time multimodal communication inter-
faces. Multimodal communications pane 508 may include
one or more real time communication interfaces, established
and controlled by multimodal application manager 204, as
described above. For example, in the embodiments illus-
trated in FIGS. 5A and 5B, real time communication inter-
faces that have been established for the collaborative anno-
tation session includes a streaming video interface, a
streaming audio interface, and an instant messaging, or chat,
interface. The multimodal communications pane 508 asso-
ciated with the collaborative session coordinator may also
include the ability to enter timing marks to associate por-
tions of a real time discussion to an annotation being
discussed.

Inter-rater agreement statistics pane 510 includes statistics
generated by inter-rater statistics module 310. In the illus-
trated embodiment inter-rater agreement statistics pane 510
includes the level of agreement of the annotator using this
collaborative annotation web page 500 to all other annota-
tors, and the level of agreement between this annotator and
the correct annotations in the annotated source document
114.

FIG. 6 is a flowchart depicting operational steps of
collaborative annotation program 112 of FIG. 1, in accor-
dance with an embodiment of the invention. When collab-
orative annotation program 112 receives a request to estab-
lish a collaborative annotation session, for example, by
receiving a request as the result of an annotator entering the
URL of collaborative annotation program 112 on network
server 110 into a web browser residing on a client computing
device 120, the collaborative annotation program establishes
a collaborative annotation session (step 600). In establishing
the collaborative annotation session, collaborative annota-
tion program 112 may respond to the request by transmitting
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a web page to the browser on the requesting client comput-
ing device 120 that requests the name of the document that
will be annotated.

When the name of the document that will be annotated is
received by collaborative annotation program 112, the docu-
ment may be retrieved from source documents 114 and
loaded into working document store 312 (step 602). Meta-
data may be embedded in the document to, for example,
number each word. The formatted document, included
embedded metadata, may be embedded in a collaborative
annotation web page, along with, for example, Java scripts
that enable an annotator to annotate the document, and
transmitted to the requesting client computing device 120
for display in, for example, a web browser. Additional
display elements are also embedded in the collaborative
annotation web page, such as multimodal communication
interfaces allowing for real time communication and inter-
action among all annotators active in the collaborative
annotation session, and statistics, indicating agreement
among the annotators with respect to their annotations.

When all annotators have joined the collaborative anno-
tation session, GUI manager 300 may receive and track
annotations received from client computing devices 120,
via, for example, GUIs 122 (step 604). Annotation tracking
module 304 tracks the received annotations in annotation
datastore 306, and updates the source document in working
document datastore 312. GUI manager 300 may then update
the collaborative annotation web page 500 with the changes
to working document datastore 312 and transmit a new
version of the web page to all client computing devices 120
so that all each annotator may display annotations from all
other annotators.

Contflicts between annotations are identified by annotation
conflict module 308 (step 606), for example, as described
above. The annotation conflict information may be embed-
ded in the source document metadata in working document
datastore 312 so that it may be displayed to all annotators via
each GUI 122 (step 608). Discussions between annotators
may occur via one or more of the multi-modal communi-
cation interfaces 508 embedded in the collaborative anno-
tation web page 500 to resolve annotation conflicts, and
updated annotations may be received by collaborative ses-
sion manager 200 (steps 610; step 612, “N” branch). The
real time communications occurring over the multi-modal
communication interfaces 508 may be stored in a datastore.
The collaborative annotation session coordinator may have
the ability to add timing marks to the saved communications
to associate portions of the real time discussion to annota-
tions being discussed. Links to these timing marks may be
included in the embedded metadata associated with the
annotations.

In various embodiments, all annotations are recorded in
central annotation store 118. When, for example, the col-
laborative session coordinator has resolved all annotation
conflicts by defining “correct” annotations (step 612, “Y”
branch), collaborative session manager 200 may write the
correctly annotated source document 114 in working docu-
ment datastore 312 to training documents 116 (step 614). In
certain embodiments, collaborative session manager 200
may also automatically create a guideline outline from the
annotated document and metadata written to working docu-
ment store 312 that includes, for example, a summarization
by type of each annotation in the document. A summary by
type may include, for example, each correct annotation and
the associated incorrect annotations, and links to any asso-
ciated real time discussions that may have occurred over the
multimodal communication interfaces. The guideline outline
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may form the basis of a training guideline document for the
specific type of document being annotated. For example,
based on an automatically generated guideline outline, a
training guideline document may include correct examples
for each type of annotation expected to be encountered in a
source document. The training guideline document may also
include examples of frequently occurring incorrect annota-
tions associated with each annotation type, and links to
relevant real time discussion that may have occurred during
creation of the correctly annotated document.

As mentioned above, in certain embodiments of the
invention, human annotators may be trained to annotate
documents based on a corpus of correctly annotated docu-
ments, for example, training documents 116. Returning to
FIG. 2, collaborative annotation program 112, operating in
a single user training mode, may manage a GUI 122 at an
annotator’s client computing device 120, via annotation
training module 202, that may display the unannotated text
from a previously correctly annotated document from train-
ing documents 116. As the annotator annotates the text,
various statistics, for example, inter-rater agreement scores,
and other information may be displayed to the annotator to
assist in the training. In these embodiments, annotation
training module 202 may make use of certain functionalities
of the various modules of collaborative session manager
200, described above.

FIGS. 7A and 7B illustrate a GUI 122, in accordance with
an embodiment of the invention that includes an annotator
training capability. In an exemplary embodiment, GUI 122
is a annotation training web page 700 displayed in a web
browser executing on a client computing device 120. Anno-
tation training web page 700 is similar in many aspects to
collaborative annotation web page 500, described above.
Annotation training web page 700 includes a document pane
702, an annotations pane 704, and an inter-rater agreement
statistics pane 710. HTML code and embedded Java scripts
may control how information is presented on the web page,
and control interactions of the annotator with this informa-
tion.

Document pane 700 contains the training document 116
that is being used to train the annotator. In one embodiment,
the training document 116 includes metadata, or associated
files, that may be used to produce an unannotated version of
the training document, and that also includes annotation
history, for example, the information recorded to annotation
datastore 306, described above, when the document was
originally annotated.

FIG. 7A illustrates an embodiment of how a phrase may
be annotated. As shown, the phrase “Maecenas egestas
enim,” located within the text displayed in document pane
702, has been selected, for example, by left-clicking a mouse
or other pointing device and highlighting the desired span of
text by dragging a “select” mouse pointer over the desired
phrase. In FIG. 7A, the selected text is indicated as shaded.
The annotator may then right-click the mouse to display a
context drop-down menu that displays selectable “type”
entries. When the annotator selects a type, this information
may then be transmitted to collaborative session manager
200, where it may be stored by annotation tracking module
304 in annotation datastore 306.

FIG. 7B illustrates an embodiment of how annotation
information from previous annotators may be displayed. As
shown, the phrase “loud sneezing,” located within the text
displayed in document pane 702, is bolded and underlined,
indicating that the phrase has been annotated by the anno-
tator in training. In certain embodiments, the annotator in
training may have access to how previous annotators anno-



US 9,860,308 B2

13

tated a phrase. For example, locating the mouse cursor over
a phrase that has been annotated by the annotator in training
may result in a display in annotations pane 704 of informa-
tion that may include how previous annotators have anno-
tated the phrase.

Inter-rater agreement statistics pane 710 includes statistics
generated by inter-rater statistics module 310. In the illus-
trated embodiment inter-rater agreement statistics pane 710
includes the level of agreement between the annotator in
training and the original annotators of the source document,
and the level of agreement between the annotator in training
and the correct annotations in the training document 116.

FIG. 8 is a flowchart depicting operational steps of
annotation training module 202 of FIG. 2, in accordance
with an embodiment of the present invention. When collab-
orative annotation program 112 receives a request to estab-
lish an annotation training session, for example, by receiving
the request as the result of an annotator entering the URL of
collaborative annotation program 112 on network server 110
into a web browser residing on a client computing device
120, collaborative annotation program 112 establishes an
annotation training session (step 800). In establishing the
annotation training session, annotation training module 202
may respond to the request by transmitting a web page to the
browser on the requesting client computing device 120 that
requests the name of the training document that will be
annotated.

When the name of the training document that will be
annotated is received by annotation training module 202, the
document may be retrieved from training documents 116
and loaded into working document store 312 (step 802). The
training document 116 may include embedded metadata
that, for example, numbers each word, and may include
metadata and/or associated files that include the original
source document annotations, including the “correct” anno-
tations. GUI manager 300 may be called by annotation
training module 202 to generate and transmit an annotation
training web page to the requesting client computing device
120. The training document, its metadata, and associated
files may be embedded into, or transmitted with, the anno-
tator training web page, such as a web page as illustrated in
FIGS. 7A and 7B, to the requesting client computing device
120 for display in, for example, a web browser or other GUI
122. The annotator training web page may also include Java
scripts that enable an annotator to annotate the document
and interact with annotation training module 202.

GUI manager 300, operating in single user mode, may
receive and track annotations received from client comput-
ing device 120, via, for example, a GUI 122 (step 804).
Annotation tracking module 304 tracks the received anno-
tations in annotation datastore 306, and updates the source
document in working document datastore 312. GUI manager
300 may then update the annotation training web page 700
with the changes to working document datastore 312 and
transmit a new version of the web page to the client
computing device 120.

As the annotator in training submits annotations, conflicts
between these annotations and the correct annotations may
be identified by annotation conflict module 308, for
example, as described above (step 806). Annotations sub-
mitted by the annotator in training that conflict with the
correct annotation may, for example, be highlighted on the
annotation training web page 700 as the annotation is
submitted, upon request of the annotator in training, or
periodically during the training session. Upon, for example,
positioning the mouse cursor over the highlighted annota-
tion, information concerning the conflict may be displayed
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to the annotator in training. In various embodiments, this
information may include the correct annotation and/or anno-
tations received when the training document was originally
annotated. Inter-rater agreement statistics between the anno-
tator in training and the correct annotations and/or annota-
tions received when the training document was originally
annotated may be displayed to the annotator in training to
provide a qualitative assessment of the accuracy of the
annotations of the annotator in training.

Alternative Embodiments

A particular embodiment of the invention has been
described in detail above. However, those of skill in the art
will recognize that the invention can be implemented in
other embodiments without undue experimentation.

In one alternative embodiment, an annotation may take
the form of a question and answer pair. For example,
questions may be posed, such as “Who was the first Ameri-
can in space?” A variety of answers may be received, for
example, “Shepard,” “Alan Shepard,” “Alan Bartlet
Shepard,” “John Glenn,” and “Chuck Yeager.” As above, a
GUI may be presented to each participant that allows for, for
example, entry of annotations, multi-modal communication
between annotators, display of inter-annotator agreement
statistics, and display of annotations from other annotators.
A “correct” annotation may be identified, or, as the example
answers may suggest, more than one annotation may be
correct, or certain annotations may be flagged as more
correct. All received annotations, and their degree or rank of
“correctness,” may be stored for later use to train human
annotators, to produce training guidelines, and by NLP
based systems as training data.

In another alternative embodiment, a question presented
to an annotator may require a selection of multiple answers.
For example, an annotator may be presented with the
question “What finding is caused by Malaria?” and the
answer choices “fever,” “sweats,” “chills,” “nausea,” and
“vomiting.” In various degrees stages of the disease, some or
all of the findings may be present in a patient with Malaria.
In this example, any combination of the answer choices may
be considered as correct, however, certain combinations
may be considered as more correct, or have an associated
higher rank. Again, as above, a GUI may be presented to
each participant that allows for, for example, entry of
annotations, multi-modal communication between annota-
tors, display of inter-annotator agreement statistics, and
display of annotations from other annotators.

FIG. 9 depicts a block diagram of components of a client
computing device 120 and/or a server 110 of FIG. 1, in
accordance with an embodiment of the present invention. It
should be appreciated that FIG. 9 provides only an illustra-
tion of one implementation and does not imply any limita-
tions with regard to the environments in which different
embodiments may be implemented. Many modifications to
the depicted environment may be made.

Client computing devices 120 and/or a server 110 may
include one or more processors 902, one or more computer-
readable RAMs 904, one or more computer-readable ROMs
906, one or more computer readable storage media 908,
device drivers 912, read/write drive or interface 914, net-
work adapter or interface 916, all interconnected over a
communications fabric 918. Communications fabric 918
may be implemented with any architecture designed for
passing data and/or control information between processors
(such as microprocessors, communications and network
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processors, etc.), system memory, peripheral devices, and
any other hardware components within a system.

One or more operating systems 910, and one or more
application programs 928, for example, collaborative anno-
tation program 112 and/or GUI 122, are stored on one or
more of the computer readable storage media 908 for
execution by one or more of the processors 902 via one or
more of the respective RAMs 904 (which typically include
cache memory). In the illustrated embodiment, each of the
computer readable storage media 908 may be a magnetic
disk storage device of an internal hard drive, CD-ROM,
DVD, memory stick, magnetic tape, magnetic disk, optical
disk, a semiconductor storage device such as RAM, ROM,
EPROM, flash memory or any other computer-readable
tangible storage device that can store a computer program
and digital information.

Client computing devices 120 and/or a server 110 may
also include a R/W drive or interface 914 to read from and
write to one or more portable computer readable storage
media 926. Application programs 928 on client computing
devices 120 and/or a server 110 may be stored on one or
more of the portable computer readable storage media 926,
read via the respective R/W drive or interface 914 and
loaded into the respective computer readable storage media
908.

Client computing devices 120 and/or a server 110 may
also include a network adapter or interface 916, such as a
TCP/IP adapter card or wireless communication adapter
(such as a 4G wireless communication adapter using
OFDMA technology). Application programs 928 on com-
puting devices 120 and/or a server 110 may be downloaded
to the computing device from an external computer or
external storage device via a network (for example, the
Internet, a local area network or other wide area network or
wireless network) and network adapter or interface 916.
From the network adapter or interface 916, the programs
may be loaded onto computer readable storage media 908.
The network may comprise copper wires, optical fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers.

Client computing devices 120 and/or a server 110 may
also include a display screen 920, a keyboard or keypad 922,
and a computer mouse or touchpad 924. Device drivers 912
interface to display screen 920 for imaging, to keyboard or
keypad 922, to computer mouse or touchpad 924, and/or to
display screen 920 for pressure sensing of alphanumeric
character entry and user selections. The device drivers 912,
R/W drive or interface 914 and network adapter or interface
916 may comprise hardware and software (stored on com-
puter readable storage media 908 and/or ROM 906).

The present invention may be a system, a method, and/or
a computer program product. The computer program prod-
uct may include a computer readable storage medium (or
media) having computer readable program instructions
thereon for causing a processor to carry out aspects of the
present invention.

The computer readable storage medium can be a tangible
device that can retain and store instructions for use by an
instruction execution device. The computer readable storage
medium may be, for example, but is not limited to, an
electronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium includes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
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(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
is not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

Computer readable program instructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network interface in each computing/processing device
receives computer readable program instructions from the
network and forwards the computer readable program
instructions for storage in a computer readable storage
medium within the respective computing/processing device.

Computer readable program instructions for carrying out
operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, or
either source code or object code written in any combination
of one or more programming languages, including an object
oriented programming language such as Smalltalk, C++ or
the like, and conventional procedural programming lan-
guages, such as the “C” programming language or similar
programming languages. The computer readable program
instructions may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software
package, partly on the user’s computer and partly on a
remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an
external computer (for example, through the Internet using
an Internet Service Provider). In some embodiments, elec-
tronic circuitry including, for example, programmable logic
circuitry, field-programmable gate arrays (FPGA), or pro-
grammable logic arrays (PLA) may execute the computer
readable program instructions by utilizing state information
of'the computer readable program instructions to personalize
the electronic circuitry, in order to perform aspects of the
present invention.

Aspects of the present invention are described herein with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems), and computer program prod-
ucts according to embodiments of the invention. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks in the
flowchart illustrations and/or block diagrams, can be imple-
mented by computer readable program instructions.

These computer readable program instructions may be
provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
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cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function in a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
instructions which implement aspects of the function/act
specified in the flowchart and/or block diagram block or
blocks.

The computer readable program instructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other device to cause a series of operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer imple-
mented process, such that the instructions which execute on
the computer, other programmable apparatus, or other
device implement the functions/acts specified in the flow-
chart and/or block diagram block or blocks.

The flowchart and block diagrams in the figures illustrate
the architecture, functionality, and operation of possible
implementations of systems, methods, and computer pro-
gram products according to various embodiments of the
present invention. In this regard, each block in the flowchart
or block diagrams may represent a module, segment, or
portion of instructions, which comprises one or more
executable instructions for implementing the specified logi-
cal function(s). In some alternative implementations, the
functions noted in the block may occur out of the order noted
in the figures. For example, two blocks shown in succession
may, in fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
depending upon the functionality involved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks in the block dia-
grams and/or flowchart illustration, can be implemented by
special purpose hardware-based systems that perform the
specified functions or acts or carry out combinations of
special purpose hardware and computer instructions.

Based on the foregoing, a computer system, method, and
computer program product have been disclosed in accor-
dance with the present invention. However, numerous modi-
fications and substitutions can be made without deviating
from the scope of the present invention. Therefore, the
present invention has been disclosed by way of example and
not limitation.

The foregoing description of various embodiments of the
present invention has been presented for purposes of illus-
tration and description. It is not intended to be exhaustive
nor to limit the invention to the precise form disclosed.
Many modifications and variations are possible. Such modi-
fication and variations that may be apparent to a person
skilled in the art of the invention are intended to be included
within the scope of the invention as defined by the accom-
panying claims.

What is claimed is:
1. A method for collaborative annotation of a document,
the method comprising:
generating, by a host computer, a graphical user interface
(GUI) that displays a document to annotate;
transmitting, by the host computer to a plurality of client
computers, the GUI;
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establishing, by the host computer, a plurality of real time
communication modes between the client computers,
each communication mode including communication
channels between all client computers;
receiving, by the host computer from of the plurality of
client computers, a plurality of correct annotations and
incorrect annotations entered into the GUIs at the client
computers, each correct annotation and incorrect anno-
tation identifying a span of words in the document to
annotate and including an associated annotation type,
the correct annotations and incorrect annotations iden-
tified by a coordinator;
identifying, by the host computer, conflicts between the
received correct annotations and incorrect annotations,
wherein a conflict is an associated type of one of the
annotations does not match the associated type of
another annotation or the span of words is associated
with fewer annotations than the number of the plurality
of the client computers;
generating, by the host computer, a summary by type
including each correct and incorrect annotation;

updating, by the host computer, in real time, the GUI to
include for display the received plurality of correct and
incorrect annotations and inter-rater agreement statis-
tics indicating the level of agreement between the
correct and incorrect annotations received from each
client computer and further including for display the
identified conflicts between the received correct and
incorrect annotations; and

transmitting, by the host computer to the plurality of client

computers, the updated GUI.

2. The method in accordance with claim 1, further com-
prising:

receiving, by the host computer from one of the plurality

of client computers, an indication that all correct anno-
tations have been received; and

writing to a datastore in a desired document format or

formats, a correctly annotated document, including at
least all the correct annotations to the span of words.

3. The method in accordance with claim 2, further com-
prising:

storing, by the host computer, all communications occur-

ring over the plurality of real time communication
modes between the client computers;

in response to receiving, by the host computer, a request

to generate a timing mark, storing an association of an
annotation and a timestamp of the real time commu-
nications;

writing to a datastore a guideline outline that includes

each correct annotation and incorrect annotation to the
span of words or links to any associated real time
discussions that may have occurred over the multi-
modal communication interfaces; and

wherein writing to a datastore the annotated document

further includes writing the associations of the anno-
tations and timestamps of the real time communica-
tions.

4. The method in accordance with claim 1, wherein the
GUI is a web page that includes embedded scripts to receive
annotations of the document to annotate from a user of a
client computer and transmit the annotations to the host
computer.

5. A computer program product for collaborative annota-
tion of a document, the computer program product compris-
ing:

one or more non-transitory computer-readable storage

media and program instructions stored on the one or
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more non-transitory computer-readable media, the pro-
gram instructions comprising:

program instructions to generate, by a host computer, a
graphical user interface (GUI) that displays a document
to annotate;

program instructions to transmit, by the host computer to
a plurality of client computers, the GUI;

program instructions to establish, by the host computer, a
plurality of real time communication modes between
the client computers, each communication mode
including communication channels between all client
computers;

program instructions to receive, by the host computer
from of the plurality of client computers, a plurality of
correct annotations and incorrect annotations entered
into the GUIs at the client computers, each correct
annotation and incorrect annotation identifying a span
of words in the document to annotate and including an
associated annotation type, the correct annotations and
incorrect annotations identified by a coordinator;

program instructions to identify, by the host computer,
conflicts between the received correct annotations and
incorrect annotations, wherein a conflict is an associ-
ated type of one of the annotations does not match the
associated type of another annotation or the span of
words is associated with fewer annotations than the
number of the plurality of the client computers;

program instructions to generate, by the host computer, a
summary by type including each correct and incorrect
annotation;

program instructions to update, by the host computer, in
real time, the GUI to include for display the received
plurality of correct and incorrect annotations and inter-
rater agreement statistics indicating the level of agree-
ment between the correct and incorrect annotations
received from each client computer and further includ-
ing for display the identified conflicts between the
received correct and incorrect annotations; and

program instructions to transmit, by the host computer to
the plurality of client computers, the updated GUI.

6. The computer program product in accordance with

claim 5, further comprising:

program instructions to receive, by the host computer
from one of the plurality of client computers, an
indication that all correct annotations have been
received; and

program instructions to write to a datastore in a desired
document format or formats, a correctly annotated
document, including at least all the correct annotations
to the span of words.

7. The computer program product in accordance with

claim 6, further comprising:

program instructions to store, by the host computer, all
communications occurring over the plurality of real
time communication modes between the client com-
puters;

program instructions, in response to receiving, by the host
computer, a request to generate a timing mark, to store
an association of an annotation and a timestamp of the
real time communications;

program instructions to write to a datastore a guideline
outline that includes each correct annotation and incor-
rect annotation to the span of words or links to any
associated real time discussions that may have occurred
over the multimodal communication interfaces; and

wherein the program instructions to write to the datastore
the annotated document further includes program
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instructions to write the associations of the annotations
and timestamps of the real time communications.

8. The computer program product in accordance with
claim 5, wherein the GUI is a web page that includes
embedded scripts to receive annotations of the document to
annotate from a user of a client computer and transmit the
annotations to the host computer.

9. A computer system for collaborative annotation of a
document, the computer system comprising:

one or more computer processors, one or more computer-
readable storage media, and program instructions
stored on one or more off the computer-readable media
for execution by at least one of the one or more
processors, the program instructions comprising:

program instructions to generate, by a host computer, a
graphical user interface (GUI) that displays a document
to annotate;

program instructions to transmit, by the host computer to
a plurality of client computers, the GUI;

program instructions to establish, by the host computer, a
plurality of real time communication modes between
the client computers, each communication mode
including communication channels between all client
computers;

program instructions to receive, by the host computer
from of the plurality of client computers, a plurality of
correct annotations and incorrect annotations entered
into the GUIs at the client computers, each correct
annotation and incorrect annotation identifying a span
of words in the document to annotate and including an
associated annotation type, the correct annotations and
incorrect annotations identified by a coordinator;

program instructions to identify, by the host computer,
conflicts between the received correct annotations and
incorrect annotations, wherein a conflict is an associ-
ated type of one of the annotations does not match the
associated type of another annotation or the span of
words is associated with fewer annotations than the
number of the plurality of the client computers;

program instructions to generate, by the host computer, a
summary by type including each correct and incorrect
annotation;

program instructions to update, by the host computer, in
real time, the GUI to include for display the received
plurality of correct and incorrect annotations and inter-
rater agreement statistics indicating the level of agree-
ment between the correct and incorrect annotations
received from each client computer and further includ-
ing for display the identified conflicts between the
received correct and incorrect annotations; and

program instructions to transmit, by the host computer to
the plurality of client computers, the updated GUI.

10. The computer system in accordance with claim 9,
further comprising:

program instructions to receive, by the host computer
from one of the plurality of client computers, an
indication that all correct annotations have been
received; and

program instructions to write to a datastore in a desired
document format or formats, a correctly annotated
document, including at least all the correct annotations
to the span of words.
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11. The computer system in accordance with claim 10,
further comprising:

program instructions to store, by the host computer, all

communications occurring over the plurality of real
time communication modes between the client com-
puters;

program instructions, in response to receiving, by the host

computer, a request to generate a timing mark, to store
an association of an annotation and a timestamp of the
real time communications;
program instructions to write to a datastore a guideline
outline that includes each correct annotation and incor-
rect annotation to the span of words or links to any
associated real time discussions that may have occurred
over the multimodal communication interfaces; and

wherein the program instructions to write to the datastore
the annotated document further includes program
instructions to write the associations of the annotations
and timestamps of the real time communications.

12. The computer system in accordance with claim 9,
wherein the GUI is a web page that includes embedded
scripts to receive annotations of the document to annotate
from a user of a client computer and transmit the annotations
to the host computer.
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