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1 Introduction

In reconstructive surgery, multiple interventions durorge surgical episode are com-
mon. Each intervention must be explained, its intended anenpial consequences ar-
ticulated, and informed consent of the patient securechodgh the pre-surgical en-
counter between the patient and the surgeon is the opptyrtenaccomplish this, it
is essential that the patient be given educational maseiwatomplement and augment
face-to-face exchange. This is virtually impossible to dslwith brochures, because
many combinations of procedures are possible, differetiepiaz have different con-
cerns, and patients have varying levels of literacy and kedge. In the extreme, a
patient would either be given a set of brochures selectet fiandreds of variants,
or every patient could be given the same set of brochureulittegard for differing
needs. Neither of these scenarios is tractable or acceptabl

We propose a solution allowing divergence from the genetitic, preoperative
information brochure to one that is customized for evenyiitial patient regardless
of the complexity of the surgical intervention. This sotutiwill require reformulation,
extension, and optimization of an existing Natural Langutailoring engine and cre-
ation of a database of educational modules pertaining to accomponent of a given
surgical intervention. A key outcome of this research waéldm authoring tool that will
assist surgeons in entering the text content that will berabted into coherent material
by the tailoring engine.

This research will provide important tools to assist in @aticentric healthcare: a
means of shaping complex information so that it is more seievand personalized,
a mechanism for assisting in the achievement of informedeatnto procedures, a
method that has been shown to improve patient engagemenbargiance with medi-
cal regimens, and a technique for complementing and reiimfgthe information com-
municated during the pre-surgical encounter. The autjaool and tailoring engine
will form a robust architecture to allow providers to expahd educational scope be-
yond reconstructive surgery to all forms of medical inteti@n, surgical or otherwise.



2 The Importance of Tailoring in Patient Education

2.1 The Problem with Current Patient Education Materials

Present-day health-education and patient-informaticienad is often limited in its ef-
fectiveness by the need to address it to a wide audience. \Wlganerally produced
is either a minimal, generic document that contains onlyitifiermation common to
everyone, or a maximal document that tries to provide allnf@mation that might be
relevant to someone (and hence much that is irrelevant tg¢)ymBnt material that con-
tains irrelevant information, or omits relevant infornaatj or that for any other reason
justdoesn’t seem to be addressed to the particular realilezlisto be discounted or ig-
nored, with consequent problems in motivation for compeawith medical regimens,
health-related lifestyle improvements, and so on.

However, recent experiments suggest that health-educataerial can be much
more effective if it is customized for the individual readeraccordance with their
medical conditions, demographic variables, personalitfile, or other relevant fac-
tors. For example, Strecher and colleagues sent unsdlieiddlets to patients of family
practices on topics such as giving up smoking [24], imprgwietary behaviour [6], or
having a mammogram [23]. In each study, the ‘tailored’ leaflgere found to have a
significantly greater effect on the patients’ behaviounttgeneric’ leaflets had upon
patients in a control group.

This kind of customization involves much more than just preidg each brochure
or leaflet in half a dozen different versions for differentlmnces. Rather, the number of
different combinations of factors can easily be in the tartsumdreds of thousands (as
in the studies cited in the previous paragraph). While Aalislinct combinations might
need distinct customizations, it is nonetheless imposdiblproduce and distribute,
in advance of need, the large number of different editionsawh publication that is
entailed by individual tailoring of health information.

Recently, researchers in Natural Language Generationtdeguen to apply methods
from Atrtificial Intelligence and Computational Linguistito develop automated sys-
tems for tailoring health information to individual patter§[4], [7], [20], [3], [21]). The
HealthDoc Project (1994-1999) [12] developed a method éoregating tailored doc-
uments based on a new paradigm for Natural Language Gemreratigeneration-by-
selection-and-repair—in which new documents are creftaa a pre-existing ‘mas-
ter document’ which contains all the pieces of text that mighneeded in tailoring a
version of the document for any particular audience. Selestfrom the master doc-
ument are made for both content and form, and then are autathapost-edited—
‘repaired—for form, style, and coherence.

In arealistic and usable implementation, the HealthDoc@gugh requires a sophis-
ticatedauthoring toolto assist the writer, and sentence planngcf. [26]) that would
undertake to repair and polish the selected text—we capéexthe average techni-
cal writer to pre-compile all the possible combinations dvance. To develop such a
system, a number of research issues need to be addressedergption of the mas-
ter document; authoring and knowledge-based documentgearent; and sentence
planning for automated post-editing.



2.2 The Potential Solution: Natural Language Generation

The creation of the input material for Natural Language @Ga&tnen systems is a prob-
lem for all generation systems, including our selectiod-egpair paradigm. The con-
cept of ‘preparing’ a database, knowledge base, or otheures for natural language
generation has been used by other researchers—for exadiplennellet al[17] man-
ually incorporate in the generator’s database additiarfakimation (including a taxo-
nomic organization of the types used in the database) tHhbaiused to ensure co-
herent and high-quality text. This idea led us to adoptaioringof a ‘database’ of
reusable text (i.e., the master document) as the basisdqratadigm of generation-by-
selection-and-repair.

Other approaches to natural language authoring have beefoged (e.g., [13],
[19]), and Brunet al [5] point to an ‘an emerging paradigm of “natural language au
thoring™ (p.25) which they contrast to the (pure) natuesiduage generation approach
as one in which ‘the semantic input is provided interactiy®} a person rather than by
a program accessing digital knowledge presentations’gjp. Scottet al [22] present
a solution to the problem of authoring input for languageegation systems in which
the user operates directly upon a knowledge model from wthieffinal output text will
subsequently be generated.

Our approach to authoring for natural language generatistess falls somewhere
between the paradigm described by Bairal and that of classic language generation:
as others do with authoring-based systems, we allow a usartéy the exact textual
input that will later be used in generating new texts ([1&]]j1but we are also dealing
with authoring of input at a deeper level of linguistic regptation ([15], [1], [2]), as
is typical of Natural Language Generation systems.

A focus in the original HealthDoc Project was on the develeptrof authoring
tools that would be used by a professional programmer or ctatipnal linguist to au-
tomate the preparation of input specifications for a docurgeneration system at the
deep level of linguistic representation needed for the egiloasnt process of textual re-
pair. For authoring in health situations, however, tygicdile authoring is accomplished
through the interaction of the health professional with mo\ledge engineer’, some-
one trained in structured knowledge acquisition. Our iti®to design a system, based
on our paradigm of Natural Language Generation by seleciahreassembly, strate-
gic planning, knowledge structuring, and a formal modeleafrhing, which interacts
directly with the surgeon to allow entry of purpose-spedificl patient-specific textual
variations in ordinary English which will then be selectpthcessed, and assembled by
our tailoring engine into readable, patient-specific, ational material.

2.3 The Need for Tailored Patient Education in Reconstructre Surgery

Modern reconstructive plastic surgery has evolved int@aligicomplex field aimed at
restoration of patient form and function. The surgical sioluto a given reconstructive
problem may require grafts of various types (skin, bone, teamdon) combined with
tissue-mobilizing procedures (flaps) from among dozensotéigial locations on the
body. Each reconstruction will have different implicatidior aesthetics, function, re-
habilitation, recovery, and potential complications,cdlivhich must be reviewed with
the patient preoperatively.



The fraction of this information that is actually retaingdthe patient after the con-
sultation is consistently rather small. In many surgicacglties, brochures, Internet
websites, and other forms of ‘take-home’ educational neteare frequently used to
supplement the surgeon-patient consultation and enhatmnpretention of informa-
tion. However, such solutions have proven impractical focmof reconstructive plastic
surgery due to the sheer number of techniques availableheidftequent need to be
performed in combinations. The complexity of the surgicalgedure and the variety of
options that need to be considered in tailoring documeariat the individual patient
make the creation of appropriate material a combinatgreadplosive process. Figure 1
illustrates the complexity inherent in choosing among thrgisal options available in
breast reconstruction.

Reconstruction
Delayed Immediate
Alloplast Autogenous
(Implant) (Flap)

Tissue Pediculed
Expagder— Implant Myocutaneous / \

TRAM Myo utaneous / Perforator
TRAM DIEP
Gluteal SGAP
SIEA

Fig. 1. Decision tree of surgical options in breast reconstruction

Although preoperative information brochures have docuetwalue for patient
education, a library of static documents would be difficoltestablish if it were to
encompass all reconstructive surgical alternatives. pati@nt undergoing a multistep
procedure, a handful of brochures would be required, whichld/lack cohesiveness,
and would likely be very confusing. Consequently, existimgoperative information
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brochures are only available for the most common recoristeusurgical procedures
and must, by necessity, remain generic in nature to ensiptecability to all patients.

Creation of a tailored information document, customizedefeery individual pa-
tient would potentially increase relevance and effecgsnof the educational material.
The tailoring process would permit inclusion, exclusior/an modification of edu-
cational information based on a variety of criteria, inchgithe surgical procedure(s)
being performed, impact of adjuvant therapies, medicahoobidities, and potentially
any other factor deemed significant. Although no amount ppfemental documenta-
tion can replace the surgeon-patient dialogue with whiébrimed consent is obtained,
it is well-documented that only a small fraction of the inf@ation communicated in
this process is actually retained by the patient. Referenaterial for review by pa-
tient, friends, and significant others would have great e/atuthe preoperative, pe-
rioperative, and postoperative stages if this informationld be tailored to the indi-
vidual patient. This observation is supported by recentkworpatient education at-
testing to the potential value of increasing patient ineohent in the surgery decision
through patient-centred methods [25] and using qualitgrimiation brochures to im-
prove surgeon-patient communication [16].

We are developing a system for generating preoperativergatducation materi-
als that allows divergence from the generic, static, pregijye information brochure
to one that tailors the text to every individual patient reess of the complexity of
the surgical intervention. The components of this systelicansist of a Natural Lan-
guage Generation tailoring system, content authoringrenmient, and creation of a
database of educational modules pertaining to each sulmwempof a given surgical
intervention.

3 Components of a Tailoring System for Reconstructive Surgg

Creation of a corpus of textual variants. We are creating a corpus of textual variants
that will be used in generating tailored educational materior reconstructive breast
surgery by a process of selection and reassembly using thiéhBec model of docu-
ment generation. Beginning with the initial generic comteve are applying a formal
organizational structure that mirrors the stages of thgisalprocedure. Each compo-
nent of the surgical procedure will then be broken down intacemponents for which
textual variants will be created based on various patiertifiens.

The subcomponents, calledntent modulesinclude: technical summary, preop-
erative workup, postoperative course, sequelae, contiplitg discharge planning, re-
covery, and rehabilitation. Patient modifiers include:itigrof reconstruction, mastec-
tomy type, radiation treatment, smoking, obesity, diabetad other comorbidities. The
textual variants will initially be entered manually by a grammer into our master-
document format and subsequently authored by a patierdaéidn writer using the
prototype authoring tool being developed.

An authoring tool to guide health care providers. In previous work in the origi-
nal HealthDoc Project, we developed several authoringst@b], [18], [1]) for the
creation of text variants that could be represented in th&tenalocument format and
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used to generate customized documents by the tailoringenigowever, none of these
tools was geared to the domain expert; rather, they weradetkfor a programmer
or computational linguist who would specify the content atezp level of linguistic
representation required to do syntactic and semanticrepeeassembled text. We are
developing an authoring environment for health-care herd that will guide surgeons
to directly enter the text variants in ordinary English thét then be used to create the
tailored educational material.

Although the earlier authoring tools could be used to erserat various levels of
linguistic representation, there was no ‘knowledge-laveldelling for knowledge ac-
quisition to support the generation of tailored educationaerials. At the knowledge
level of authoring tailored content, the physician wouldjoéded through the process
of considering the concerns of the various stakeholdegs ¢ergeons, patients, hospi-
tal) with regard to tailoring the educational material. Egample, the surgeon may be
primarily concerned with communicating information thatlwnsure patient compli-
ance with the recommended treatment and that will lead toui@ble outcomes; the
patient may be most concerned with the variations in risks@mplications associ-
ated with the different treatment options. The authorirg should therefore ideally
embody a cognitive model that aids the physician in mapputghese complementary,
and sometimes contradictory, high-level concerns. Yarrj fias developed a design
methodology for an authoring tool that uses a Constru¢tiasdel of patient-centred
learning to guide the physician through the process of icrgahe master-document
framework.

The Constructivist approach [11] assumes that learnerstizart their own knowl-
edge from their experiences and that the educator is onkgrtbeledge provider. Yang
has applied Constructivist theory to develop a patientation model and design a
knowledge acquisition framework which could assist hepttifessionals in organizing
their domain knowledge prior to the writing of the actualttex content. A key con-
tribution of a Constructivist model to the HealthDoc metalad)y would be in guiding
the author to construct the underlying discourse struafitiee master document.

With the original HealthDoc authoring tools, the emphasis wn providing the au-
thor with a means of entering textual variations, specitime conditions under which
each variation should be selected, and annotating the nuzstement with information
needed for later automated repairs. However, it was asstima¢the author would use
his knowledge of the application domain to organize thegseaf text into a coherent
master-document structure. Knowledge about the discatirseture was left implicit,
to be managed mentally (and differently) by each individudhor. As an example, an
author might enter the following text and variations on tbpi¢ of the two types of
diabetes:

(1) There are two main types of diabetes. One type is insulirexdegnt, also known
as type | diabetes, and the other is non—insulin-dependksat,called type Il
diabetes.

(2) The conditionthat you have is insulin-dependent diabétesiation 1) The con-
dition that you have is non-insulin-dependent diabdtesiation 2)
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(3) Insulin-dependent and non—insulin-dependent diabetegliffierent disorders,
so that the causes, short-term effects, and treatmentsidotwo types differ.
However, both types can cause the same long-term healthepneb

(4) With insulin-dependent diabetes, your body makes little@imsulin.(variation
1) With non-insulin-dependent diabetes, your body makedimgout can’t use
it well. (variation 2)

The underlying discourse structure of this passage of taxtoe characterized as fol-
lows:

— Define the two types of diabetes.

— ldentify the patient’s type of diabetes.
— Compare the types.

— Contrast the types.

However, the elements of this discourse structure woulchaeé been made apparent
during the authoring process. Also, the author would noélseen able to indicate that
a similar pattern of statementdgfine identify, compare contras) could be applied in
constructing other topics of text.

In contrast, Yang's knowledge level of modelling could githe creation of the
master document according to pre-defined discourse stasctiiat model the interac-
tion between physician and patient. Her Constructivist effotklls us that addressing
patient concerns (about pain, risks, complications, stmyld be the basis for the infor-
mation provided by the physician. An authoring tool incagimg this type of knowl-
edge would therefore have an explicit ‘addressConcerretorical model that would
be used in constructing a topic passage. For example, tieggapsage for each concern
might have the following elements:

— ldentify the concern.
— Describe the concern.
— Address how patient should handle the concern.

The (generic) text for the concern of pain might thereforemered as follows:

(5) You may feel severe paifldentify concern.)

(6) The pain or discomfort will be felt in the breast area or abuhainsite. Soreness
and swelling are often part of your body’s reaction to theutna of surgery.
(Describe concern.)

(7) You should not perform lifting activities or anything thawblves the muscles in
the breast area or abdominal site. This will cause additizaia and prevent the
healing of your woundl/Address handling of concern.)

4 Other learning models might also be used at the knowledgs tsvmodelling the master
document.
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A Natural Language Generation tailoring engine. The current HealthDoc tailoring
engine will be the software kernel of our proposed Naturalguege Generation tailor-
ing system. We have now replaced our original ‘homegrowiloioent design language
[8] with a standard document description language (XML)shadocuments contain-
ing personalized health information for various domaing.(eskin care and smoking
cessation) have been prepared and marked up with XML tagsattridutes. These
tagged conditional documents have then been processaththem XSL transforma-
tion that produces a presentation-ready and print-readilyhcustomized document
using the PHP Hypertext Preprocessor. This software canemadvle visualizations of
tailored versions of any content in our master-documemh&ias either a Web presen-
tation or in paper form.

Our earlier work in the HealthDoc Project demonstrated timahplex, stylisti-
cally polished texts can be crafted from pre-existing texfgesented in an appropriate
‘master-document’ format. We are continuing the developneé the ‘generation-by-
selection-and-repair’ paradigm, with particular empbasi the architectural issues in-
volved in text-to-text generation systems. Our long-tegalgs to continue to develop
our theory of automated text repair, and test it by implenimgntepair algorithms that
recognize and revise various infelicities in ill-formedte One approach to the au-
tomated detection of ‘repair patterns’ that we plan to itigege is the combination of
pattern-based methods from classical rhetorical theogy, ([@0]) with n-gram language
models.

4 Conclusions

Our goal in this research is to develop natural languagevsoé tools, specifically

an authoring tool and Natural Language Generation tadpsiystem, to automatically
generate tailored patient education for patients chocaimgng the plethora of options
involved in reconstructive breast surgery. The benefitsnbfaaced preoperative edu-
cation have been established in the literature, and sertieeasasis for many of the
predicted benefits listed below:

— A single, comprehensive source of educational materials.

— Less conflicting information than might be associated withitiple educational
brochures in multistep surgical procedures, assumingtimegerials even exist.

— A better-informed patient: Decreased perioperative @gxiewer and less se-
rious complications; faster recovery and rehabilitatimhanced recognition of
postoperative complications, because of the ability téuide more specific in-
formation tailored to each of the surgical subcomponents.

— Better patient outcomes: fewer and less serious compitatetc.

— Lesstime required in perioperative discussions ensuniagmnformation is com-
municated.

Future applications of the results of this research woulthbextensions of content
to other procedures and surgical subspecialties. Thedeterobustness of theory and
technology will also allow extension beyond that of surbictervention, potentially to
any medical treatment involving multiple modalities ratguy cohesion of educational
content (e.g., medical and radiation oncology)
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