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In this paper, we present the G-DEE system, a 
document engineering environment aimed at clinical 
guidelines. This system represents" an extension of  
current visual interfaces for guidelines encoding, in 
that it supports automatic text processing functions 
which identify linguistic markers of  document 
structure, such as recommendations; thereby 
decreasing the complexity of  operations required by 
the user. Such markers are identified by shallow 
parsing of  free text and are automatically marked up 
as an early step of  document structuring. From this 
first representation, it is possible to identify elements" 
of  guidelines contents; such as decision variables; 
and produce elements" of  GEM encoding, using rules 
defined as XSL style sheets: We tested our automatic 
structuring system on a set of  sentences extracted 
from French clinical guidelines: As a result, 97% of  
the occurrences of  deontic operators and their scopes 
were correctly marked up. G-DEE can be used for  
various purposes; from research into guidelines 
structure to assisting the encoding of  guidelines into a 
GEM format or into decision rules: 

INTRODUCTION 

Clinical Guidelines have become an important 
medium for the standardization and dissemination of 
medical knowledge. This is why their processing has 
attracted considerable research interest. The 
'document centric approach' has been introduced to 
facilitate the use of guidelines knowledge. The best 
known instance of 'document centric approach' is the 
Guideline Elements Model (GEM), 1 which is an 
XML framework based on a hierarchy of concepts 
describing the guidelines contents, information for 
their use, and meta-information (such as guidelines 
objectives, intended audience and authors). Each 
GEM element corresponds to specific labels, some of 
which are normalized through a controlled vocabulary 
(for instance, the one defined by the National 
Guidelines Clearinghousea). 

The encoding of a clinical guideline using the GEM 
framework consists of structuring the guideline 
textual document using the set of XML markups 
provided by the framework. This can be a complex 
process, as it requires an in-depth analysis of the 
guideline contents and, simultaneously, a constant 
reference to the GEM framework. For instance, the 
physician needs to analyze text sections in depth to 
a http://www.guideline.gov 
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properly identify decision variables prior to their 
GEM encoding. As a consequence, substantial 
variation is observed in the GEM encoding of a given 
clinical guideline by different users. 2 A pilot study 
has shown that three out of five participants in a GEM 
encoding experiment reported difficulties with the 
identification of decision variables. In particular, the 
amount of text inserted into certain GEM elements by 
the participants varied considerably. This would 
suggest that the complexity of manual analysis can 
affect the structure of the encoded document. 

To tackle these problems and support the process of 
manual marking up of guidelines documents, the 

GEM-Cutter b,3 application has been developed. It has 
been defined as an XML editor to facilitate the 
marking up of textual guidelines. GEM-Cutter is 
essentially a user-friendly interface to text 
manipulation, markup selection and document 
encoding. It contains a complete browser of GEM 
concepts that facilitates access to proper categories. 
WNile it does not identify contents of the document 
itself, it certainly decreases the cognitive load of the 
user by offering on-line information on GEM 
categories and supporting an incremental process of 
document marking up. 

The GEM-Cutter interface is based on a multiple 
windowing system that displays the original clinical 
guideline document, a GEM category browser and the 
corresponding GEM encoded text. The interface is 
operated by selecting a portion of text and dragging it 
over a GEM category; this generates a corresponding 
entry in the GEM encoded document, comprised of 
that text portion marked up by the category over 
which it was dragged. 

From a similar perspective, Svatek et al. 4 developed 
the "Stepper" system, which supports the encoding of 
clinical guidelines through the marking up of text 
based on a stepwise formalisation process. The early 
steps consist in marking up of the guideline text, 
while the final ones generate knowledge 
representations. 5 Stepper is also supported by an 
interface similar to GEM-Cutter, whose purpose is to 
"minimize information loss during the encoding 
process". However, both interfaces still support a 
manual encoding process; they do not provide tools to 
assist such encoding on a content basis, for instance 
through the automatic recognition of relevant textual 
information. 
b Download from: http://gem.med.yule.edu/ 
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c Downloadable from: http://www.download.com 
In this  paper ,  we  in t roduce the G - D E E  env i ronmen t  
(Guide l ine  D o c u m e n t  Eng inee r ing  Env i ronment ) ,  a 
sof tware  env i ronmen t  for  the study o f  c l in ica l  
gu ide l ines  that  incorporates  automatic  text  process ing  
funct ions  such as the ident i f ica t ion  o f  l inguis t ic  
markers  o f  recommendat ions .  This  env i ronmen t  can  

be  used for  va r ious  purposes ,  f rom resea rch  into 
gu ide l ines  s tructure to ass is t ing wi th  the actual  
encoding  o f  gu ide l ines  into a G E M  format.  

A P P R O A C H  

One  l imi ta t ion  o f  manua l  encoding  is the number  o f  
operat ions  the user  has  to pe r fo rm at d i f ferent  levels  
o f  abstraction.  E v e n  wi th  the help o f  a graphic  
interface for  textual  manipula t ion ,  such opera t ions  put  
cons iderable  cogni t ive  load on the user. 

M o r e  specifically, the  user  has to recognize the 
structure o f  textual  r ecommenda t ions  ( ident i fy ing 
condi t ion structures f rom their  l inguist ic  forms)  and 

s imul taneous ly  ana lyze  the i r  mean ing  (extract ing 
med ica l  contents  and dec is ion  va r i ab les )  to proper ly  
encode  the document .  Her  w o r k  could be  
cons iderably  s impl i f ied  i f  the in terface  could  p rov ide  
some fo rm o f  automat ic  recogni t ion  o f  text  contents ,  
thus ass is t ing encoding.  W h i l e  f ree  text unders tanding  
is beyond  state-of- the-art ,  it  is poss ib le  to use sha l low 
Natura l  L a n g u a g e  Process ing  ( N L P )  techniques  to 
develop an automat ic  aid to document  s tructuring.  
These  techniques  wi l l  speci f ica l ly  ta rge t  the 
recogni t ion  o f  appropr ia te  markers  o f  textual  
structure,  r e l i ev ing  the user  f rom the early steps o f  
documen t  s tructure recogni t ion.  

Linguistic markers o f  guidelines structure 

Clin ica l  gu ide l ines  be long  to the gener ic  ca tegory  o f  
no rma t ive  texts,  to w h i c h  much  research has been  
dedicated.  For  instance,  M o u l i n  and Rousseau  6 have  

described a method  to au tomat ica l ly  extract  
k n o w l e d g e  f rom legal  texts based  on the hypothesis  
that  these texts are natura l ly  s t ructured through the 
occurrence o f  specif ic  l inguis t ic  expressions,  k n o w n  
as "deontic operators". These  operators  mani fes t  
themse lves  through such ve rbs  as "pouvoir" ("to be  
a l lowed  to or may") ,  "devoir" ("should  or ought  to") ,  
"interdire" ("to forbid") .  These  verbs  cor respond to 
t radi t ional  deontic modal i t ies :  permiss ion ,  ob l iga t ion  
and interdict ion,  w h i c h  have  been  found by 
K a l i n o w s k i  7 to be  the mos t  characteristic l inguis t ic  
structures o f  no rma t ive  texts. 

W e  have  adapted M o u l i n  and Rousseau ' s  approach  
to the context  o f  c l in ical  guidel ines ,  by ident i fying 
equ iva len t  deont ic  e lements  specific to the k ind  o f  
recommendations they contain.  Our  under ly ing  
hypothesis  is that  the automat ic  ident i f ica t ion  o f  such 
operators  wou ld  faci l i ta te  ear ly  steps o f  documen t  
s t ructur ing and encoding.  Examples  o f  deont ic  
AMIA 2005 Symposium P
operators  are: "is then r e c o m m e n d e d "  (in French,  "est 

doric recommandde"), "are not  r e c o m m e n d e d "  ("he 
sont pas recommanddes"), "should  be  t reated"  
("doivent gtre traCtds"), "may  then be advised"  ("peut 

alors gtre conseillde"). In order  to analyze  the 
occurrences  o f  such deontic express ions  in c l in ical  
guidel ines ,  we  used a concordance  analysis  p rogram,  

the "S imple  Concordance  P r o g r a m  (re lease  4 .07 )  c'', 
w h i c h  produces  keywords  in context  (see below).  

insulinotherapie es t  d o n e  r e c o m m a n d ~ e  lorsque l ' H b A l c  
traitement oral n e  s e n t  p a s  r e c o m m a n d ~ e s ,  sauf en cas de 

insufYlsants  r e n a u x  d o i v e n t  ~ tre  t r a i t ~ s ,  e n  
t h e r a p e u t i q u e  p e u t  a l o r s  ~ tre  c o n s e i l l ~ e .  L ' in terrogato ire  

Figure 1. Occurrences o f  deontic operators and their 
syntactic variations (negation, passive voice, etc.). 

As a result ,  we  col lec ted  a set  o f  syntact ic  var ian ts  for  
the va r ious  deont ic  operators.  The  modera te  
var iab i l i ty  o f  deont ic  express ions  (65 syntactic 
pat terns)  sugges ted  that an appropr ia te  syntactic 
coverage  could  be ach ieved  by encoding  these 
var ian ts  into a s ample  syntact ic  formal i sms ,  such as 
Fini te-  State Trans i t ion  N e t w o r k  (FSTN).8  

Our a im is to recogn ize  l inguist ic  markers  o f  

deont ic  express ions  by a par t ia l  pars ing  o f  free text. 
The  ident i f ica t ion  o f  such markers  inside the text  can 
subsequent ly  be  used to s tructure the documen t  
accordingly .  Techn iques  for  sha l low analysis  and 
recogn i t ion  o f  specif ic  text  contents  have  been  
essent ia l ly  deve loped  in the f ie ld  o f  Informat ion  
Ext rac t ion  (IE).  For  instance,  the F A S T U S  sys tem 9 
has  demons t ra ted  h o w  F S T N  could be  tuned to 
recogn ize  specif ic  descr ip t ions  (such as act ions or 
characters) .  This  is why  we  adapted IE techniques  to 
the specif ic  ident i f icat ion,  in the present  case, o f  
deont ic  expressions,  regard less  o f  the surface  fo rm o f  
their  textual  occurrence.  8 The  recogni t ion  o f  deontic 
operators  is howeve r  not  suff ic ient  to s tructure the 
document :  it  is also necessary  to recogn ize  the scope 

o f  the opera tor ' s  arguments .  In te rms o f  documen t  
structure,  scopes correspond to text  segments  
s t ructured by deont ic  expressions.  A scope that  
p recedes  a deontic opera tor  is cal led front-scope, 
whereas  the back-scope corresponds  to a scope w h i c h  
fo l lows  the operator.  

F igure  2 i l lustrates  the scopes o f  a deontic opera tor  
"il est recommandd" (" i t  is r ecommended""  w h i c h  is 
under l ined.  

En cas de signe evocateur ou d'antecedent d'infection urinaire, 

il est recommande Ide pratiquer un ECBU (accord professionnel)[ 

Figure 2. Front- and back-scope fo r  the 
"recommended" deontic operator. 
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~ c a ~ e ~  oa d'~c~d~nt d ' lRfecaon 

~ n a ~ e .  il es t  ~o~m*~u~ de p z u f i q ~ r  ~ ECBU 

= i I~mle 
$I s ~  b~m~ ou d ' ~ l ~ e e  d e n t  d'infecdon ~.~ 

ALORS pra~r D 

TeXt e:~ ~n:=b,~er 

Ill 0 y ~ l  d r ~ u ~  C~te 8~1~ Le S S. kt~bh p ~  le p a b s t ,  est 

II1=.o , . . . . . .  

rU~A hds ~t I'~-~P 11 n'est d'~s~ ce ~core co~e sml 

l~am&rc  p ~  la d~z~i0n d I~o f~s~a0~d) 

le s~te emca~ eu d'~cedent ~rinf~t~n ~ ,  il esL 

~c dosage de la ~dalmm&mc R'c~t pa~ proposd ~ t~rc ~ystC~q~ II n',~[ 

'ec ~ qu~ cht~  le~ pa*a ~ I s  ~ t  de~ ~t~¢s de risque 

i'msuCfi~ e r ~ l e ,  colic-ca n'~altt af~ que ~ i~ ¢a~cul d¢ la ~ = 
~e ]a cr~e (oc c~d pro fe~i~d). 

~ d ~ i ~ e  ~ e  n'e~t pas  Fro~ u~$e ~ p r~ax~e  m l e n t ~  da~s [e bd~m 

rnt~al d ' ~  HBP s y n R ~ o n ~ q u c  C'est ~ ~ opho~nd !o~i~ o ~ ~ rmlwu 

.'cchogvcplu¢ de l ' a r ~  t~m~r ¢ l~r ~0~¢ ~b ~ArA~Ic ~'~ ' t  to~s pr0pwcc ~ t~¢ 

~y~&c~dq~ ~ a s  le ~ ~ t ~  de I '}~P =ymp~O~LL~q~e (ac ~ d  pro fe 

Docmi'ee~ (~EM 

< / D e ~ i o ~ , v a x ' i ~ l e  > 

:OpReco> ~ es¢ rec~mmaade de pra~quer <~OpReee> \ ~ , ~  ~ 

~ J  

Figure  3-a. The G-DEE interface (see text). 

V, TRAITEMENT DE L'I'~P. 

II n'existe pas darts la ]itt~='ature de dom~s pmmettant de standardise~ le tr~tan 

de rHBP sympt0matique non c0mpliqude (45). I1 est rec0mnmnde d'inf0rmer ~] 

patieat des modali~ ~xLs~tes a ~  d~boutn" t= me ~ pmag~ parle m~de~ ~ 

le malade (accord pro fessiomel) 0~).. 

L'abstmtion th~ralOeutique peut ~U~ proposee aux l~mts  doat la g ~  

synapt0matique ~ Idg~ ou eonsid~ c0r t~e ace~able pat le patient (a6c~ 

pr0fssi0nnd) 4(~.). 

De;ant rappantion d~me rd~mlion aigu~ d'urine r6cidivante, d'uae r~nlion 

chtonique avec ~ctions Vdr r~orgem~t, de calculs v~icaux, de div~ticules 

v~sicaux symptomatiqus ou d'un~ ~uffisance r~nale fide ~ l'I-~P, il est 

recommande de proposer ~tra~samt cl~rur~ de 11-~P (acco~l i~o fessiomd) ~ 

Pout les autres complicalions (h~rtmtu.de, infection urinaire, div~ticul~ non 

symptomatiques) il est recommamie de traiter [q-~P: 4 ~ .  Le traitemmt peut 6ire 

m~ical ou cl'firt~ical(a¢cO~ll~of=siom@:~.~. 

En dehors des complications, il n'c~ste pas d'indicalians fonmil~ ~. un trait='nmt 

chimrgic~ ou m~lical ~.l.)., L~ rdsultats fonctionn~ du tr~t~'nmt chirurgical 

Figure  3-b. Recognition o f  deontic operators. 
T H E  G R A P H I C A L  E N V I R O N M E N T  

A n  o v e r v i e w  o f  the G - D E E  interface  is p re sen ted  in 

F igure  3-a. This  e n v i r o n m e n t  supports  m a n i p u l a t i o n  

o f  the gu ide l ines  tex t  t h r o u g h  a c o m b i n a t i o n  o f  

features ,  some  dea l ing  wi th  tex t  display,  tex t  

man ipu la t ion ,  and others  t r igger ing  text  s t ructur ing 

func t ions  based  on  tex t  analysis .  

The  interface supports  the graphica l  se lec t ion  o f  

tex t  sect ions  w h i c h  can  then  be  au tomat i ca l ly  

ana lyzed  for  deon t ic  opera tors  (but ton 1) and m a r k e d  

up accord ing ly ,  as s h o w n  on F igure  3-b ( w i n d o w  B) 

for  the sen tence  "En cas de signe Ovocateur ou 

d'antOcOdent d'infection urinaire, il est recommandO 

de pratiquer un E C B U  (accord professionnel). ''d. The  

w h o l e  d o c u m e n t  can  be  ana lyzed  by p ress ing  bu t ton  

2. The  resu l t ing  m a r k i n g  up can  be  va l ida ted  

in te rac t ive ly  by  the user  (but ton  4 o f  the interface).  In  

addi t ion,  G - D E E  enab les  to display conten ts  o f  

decision.variable, and action G E M  elements ,  as w e l l  

as deont ic  opera to rs  in w i n d o w  C. W i n d o w  D 

d isp lays  dec i s i on  rules  au tomat i ca l ly  d e r i v e d  f r o m  the 

m a r k e d  up text,  w h i c h  can  be  used  for  k n o w l e d g e  

ex t rac t ion  or  analys is  o f  tex t  coherence .  

The Text  Process ing E n g i n e  

O n e  o f  the m o s t  impor tan t  func t ions  o f  the in terface  is 

its au tomat ic  ass is tance to d o c u m e n t  e n c o d i n g  based  

on  au tomat ic  text  analysis .  W e  have  d e v e l o p e d  an ad 

hoc  pars ing  t e c h n o l o g y  inspired f r o m  IE w h i c h  parses  
d "'In case of  symptoms of urinary tract infection, it is 
recommended to perform urinalysis (expert agreement)." 
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the se lec ted  tex t  (or the w h o l e  d o c u m e n t )  for  deon t ic  

opera to rs  to au tomat ica l ly  m a r k  t h e m  up, toge the r  

w i th  their  co r r e spond ing  scopes, a° T e x t  pa rs ing  is 

based  on a cascade  o f  F S T N  (see f igure  be low) ,  and 

uses  a t a i lo r -made  pa r s ing  a lgo r i thm that  we  have  

deve loped ,  in par t icu lar  for  the e f f i c ien t  hand l ing  o f  

shared pat terns b e t w e e n  F S T N .  The  first  step consis ts  

in ana lyz ing  the text  for  deont ic  expres s ions  us ing  a 
set o f  1106 F S T N ,  w h i c h  co r r e spond  to 65 syntact ic  

pat terns  wi th  their  m o r p h o l o g i c a l  var ia t ions .  It can  be  

no ted  that  syntact ic  p h e n o m e n a  co r r e spond ing  to 

deon t ic  opera tors  are la rge ly  c o m m o n  to the F rench  

and Eng l i sh  l anguages ,  despi te  m ino r  va r ia t ion  in 

syntact ic  express ions .  

Clin ical  Guidel ines 

La radiotherapie n'est pas non plus 
recommandee chez les sujets de moins 
de 60 ans, comme traitement des CBC 
sclerodermiformes, sur certaines zones 
(oreilles, mains, pieds, jambes, organes 
genitaux). 
En cas d'hysterectomie, il est 
recommande de ne pas prescrire de TH: 
oestroprogestatifs (grade A). 

Marked up Cl inical  Guidel ines 

<Front Scope> La radiotherapie </Front Scope> <Op Reco> 
n'est pas non plus recommandee </Op Reco> <Back Scope> 
chez les sujets de mains de 60 ans, comme traitement des CBC 
sclerodermiformes, sur certaines zones (oreilles, mains, pieds, 
jambes, organes genitaux) </Back Scope>. 
<Front Scope> <cond> En cas d' </cond><condition> 
hysterectomie </condition>, </Front Scope> <Op Reco> il est 
recommande de ne pas prescrire </Op Reco> <Back Scope> de 
THS oestroprogestatifs (grade A) </Back Scope>. 

( • )  FSTN fo r  deont ic  
¢:::~ ¢::~ opera tors  

( •  FSTN fo r  

~ . ~ . .  [ ~ c o  p e . ~  

( ~ )  FSTN fo r  cond i t ion  
x p r e s s i o n s  

Figure  4. The various steps o f  text processing. 

U p o n  ident i f ica t ion  o f  a deon t ic  operator ,  the 

co r r e spond ing  deon t ic  expres s ion  is t agged  (us ing 

appropr ia te  markups) ,  a lso tak ing  into accoun t  the 
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voice of that expression, as it affects the position of 
the deontic operator's arguments (front-scope and 
back-scope). After the text has been tagged for 
deontic operators, a second step uses a specialized 
FSTN to properly delimitate (and mark up) the 
corresponding scopes of the deontic operator using 
previously recorded information about the operator's 
voice. This first step of document structuring 
produces an XML file, which can serve as a pivot 
representation for further processing, supporting 
GEM encoding functions or knowledge extraction. 
For that purpose, we developed a set of tools based on 
an XSLT processor, able to transform the original 
XML file. Transformation rules are encoded in an 
XSL style sheet that is used by the XSLT parser to 
process the original XML document. For instance, we 
have defined an XSL style sheet that will prompt the 
XSLT parser to extract portions of text corresponding 
to decision.variable and action elements in the GEM 
hierarchy, from the XML documents tagged for 
deontic operators and their scopes (Figure 5). In a 
similar fashion, this XSLT parser can also extract 
decision rules in an IF-THEN format (Figure 6) from 
the marking up of deontic operators and their scopes. 
The identification of decision.variable is also used to 
automatically extract IF-THEN decision rules 11 where 
the contents of front-scope and back-scope can be 
mapped to IF-THEN clauses. 

EXAMPLE APPLICATIONS 

Computer-Aided Guideline Editing 
We defined specific highlighting functions to identify 
deontic operators and their associated front-scope and 
back-scope. Such highlighting is defined in an XSL 
style sheet which is used by an XSLT process. The 
results in the front-scope are being highlighted in 
yellow and the back-scope in blue. An example is 
shown in Figure 5, where the front-scope corresponds 
to "En cas de signe ~vocateur ou d'ant~c~dent 
d'infection urinaire ''e. The text highlighted in blue 
corresponds to the back-scope, i.e. "un ECBU 
(accord professionnel)"f. The deontic operator itself 
"il est recommandO de pratiquef'g appears in bold red 
font. 

Encoding GEM Conditions Variables 
The marking up of deontic operators and their scopes 
can serve as a basis to identify a Conditional element 
of a GEM document. The first step consists in 
introducing another level of marking up, by tagging, 
within the front-scope or back-scope, those elements 
e "In case of symptoms of urinary tract infection" 
f"minalysis (expert agreement)." 

"it is recommended to perform" 
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which corresponds to decision.variable and action 
elements. This is achieved through the FSTN-based 
recognition of syntactic markers for conditional 
expressions (e.g. "en cas de" ("in case of'), "lorsque" 
("when"), etc.). These conditional elements permit to 
identify decision.variable within scopes. The 
rationale is once again that conditional statements 
have a finite number of syntactic expressions in a 
given text genre. This extraction of decision variables 
is achieved through a set of rules h matching the 
structure of conditional expressions to decision 
variables and including these rules in a XSL style 
sheet. These rules once again take into account the 
voice of the corresponding sentence. For instance, 
whenever a condition expression occurs in the front- 
scope and the sentence is in the passive voice, the 
front-scope corresponds to decision.variable and the 
back-scope to action as shown in the figure below. 

<Decision.vmiable> En c ~  de si~ue evocateur ou 
d'antkckdent d'infec tion urinnire, <,Y)eckion.wariable~ 

<OpReco> il  est recommande de protiquer <fOpRe¢o> 

Figure 5. Automatic derivation of  
"decision.variable" and "action" GEM element~: 

Extraction of Decision Rules 

The same mechanism which extracted decision 
variables can be used to extract decision rules from 
the marked up document, by matching the contents of 
IF-THEN clauses to the previously identified front- 
scope and back-scope. We once again defined 
specific XSL style sheets that permit to instantiate the 
corresponding decision rule which can be displayed in 
a dedicated window of the interface (see below). For 
example, when a condition expression is part of the 
front-scope and the sentence is in the passive voice, 
the IF-clause should correspond to the front-scope. 
The THEN-clause will contain the marked up action 
verb as well as the textual content of the back-scope. 

gI ~ ~.~oea~u~ ou a n ~ c ~ n t  d'infect~on urinah~ 

ALOR$ pratiqu~r 

Figure 6. Automatic derivation of  decision rule. 
h These 1aries have been defined for French texts. 
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E V A L U A T I O N  

We tested our text processing system on 276 
sentences (extracted from 5 randomly selected 
clinical guidelines). None of these clinical guidelines 
has been used for the definition of our deontic 
operators' grammar, which guarantees the validity of 
the test suite. For this evaluation, we mainly focused 
on the correct identification of the deontic expressions 
based on the following verbs: "recommander" ("to 
recommend"), "devoir; ("should or ought to"), 
"pouvoir" ("to be allowed to or may") and "convenir" 
("to be appropriate"). 

This test set contains 304 deontic operators which 
had been previously identified manually together with 
their respective front-scope and back-scope. This 
manual identification serves as benchmark for our 
evaluation. To evaluate system performance, we 
compared the system's output for automatic encoding 
to the manually encoded benchmark (an overview of 
such marking up is shown in Figure 3-b). 

As a preliminary result, our automatic structuring 
system correctly marked up 97% of the occurrences 
of deontic operators and their associated scopes" on 
this test set composed of 276 sentences not used in 
the initial grammar definition. Furthermore, in this 
preliminary evaluation, we do not consider the 
usability of the overall G-DEE environment, but limit 
ourselves to a performance analysis of the text 
processing tools. 

C O N C L U S I O N  

In this paper, we presented the G-DEE environment 
dedicated to the study of clinical guidelines. G-DEE 
incorporates automatic text processing functions that 
recognize recommendations from free text. This 
process is possible through the recognition of specific 
linguistic expressions called deontic operators. 

This approach enables to decrease the cognitive 
load of the user by reducing the number of tasks that 
she should carry out to encode clinical guidelines. 
The user may focus solely on the identification of 
contents, due to the fact that the system provides her 
with a first level of document structuring. This 
approach then facilitates access to text contents, by 
providing automatic assistance to the early phases of 
document structuring. Additional functions are 
currently under development. For example, those 
enabling to modify sentences marked up in the text 
(part A of Figure 3-a), which should assist the 
authoring of clinical guidelines. 

All these treatments may be performed from a 
linguistic analysis centered on a limited number of 
deontic markers or conditional structures. This should 
guarantee the scalability of the approach within the 
limits of the state-of-the-art of document processing 
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techniques. The current limitation of the approach lies 
in the syntactic coverage required to identify deontic 
operators. Although extensive coverage can be 
achieved from corpus analysis (because of the 
specific nature of deontic operators), occasionally 
new texts will introduce variants not previously 
encountered, which require extension of the grammar. 

This paper presented early results from the 
implementation of our G-DEE environment. A more 
extensive evaluation of the system is currently being 
undertaken by expert physicians with extensive 
experience in guidelines definition and encoding. 

A valuable extension of this approach would 
consist in further processing of the textual contents of 
a deontic operator's scopes, which would identify 
relevant content such as medical treatments. Such 
processing can be based on terminological 
recognition or information extraction methods such as 
named entity recognition. 
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