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general, oross~ s;tuat;onai aqpects of cllﬂlca}
teasoning have been discoversd beyond hypothetico—
deduction and the early gemeration of elinical hy-
potheses. The importance of good hypothesis sets
leads to questions abour the nature of problem
representaLien iq medicine‘ Results ffom studiéé of
¢ine suggest that ﬁllnlLal reasoning, at leveis
wore specific than hypothetico-deduction, is not
1ikely to be genmevic and uniform, but is likely to
be conditioned on classesd of medieal problems and
problem componante rhat practitioners recognize and
inslﬂdﬂ in their nental problam. represeﬂtatiens.

tion, 1nv01v1ng 1llﬂess scripta, is pro?esed for
adressing the issue of conditional generdlity. The
illness script is an integrated model of medical
abnormalities; specifying illness ia terms of en
abling conditions, Ffaults, and their conseqﬂénces.
It is proposed thab areas of regularity im clinical
reasoning may be associated with components of
this script.

The search fof components of medical £linical reasoping which
are consistent gcross situatlons and problewms has met with mized
guccess and hag vielded a vather confusing picture., Ow tle one
hand, some aspects of clinical reasoning are clearly general and
crosg—gituational. Studies have conbributed (o a3 consensus aboul
the bréad_fbrm: of elinleal reagsoning (Barbdws, TFeightner, Neéu-
feld & Normai, 19783 Barrows, Mormin, Neufeld & Feightnet, 1982;
Elstein, Shulman & Sprafla, 1978; Weufeld, Norman, Feightoar &
Barrows, 1981l}. Cues ia patient data (signs, symptoms, ate.) sug-
pest diggnostlc hyporheses which are, in turn, projected toward
and compared with subsequent data of a case., Thls basie hypothei—
fco-deductive reas onang mcthnd (generdte and test hypathé;es) ig

T dlfferent &inds. of _nedlcal casesj enph35171ng diiierent
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domains of medical subject=matter content.

Howaver, more Tfine~graingd analyses of the c¢linical reasoning
process have produced less aniform results. Thess anaslyses have
forusged on three basic kinds of components of the genérai hypo-
thegis pesting procest.

Hypothesis~related parameters

Investigations of the patameters of hypothesis testing are con—
.wwerned with the timing and number of hypotheses created during a
-diagnostic encounter. These parametetrs include auch elements as
time wor percentage of patient data dtems to creatlon of first
hypotheses, totai ﬂumber of thothesea consiéerad number of
terlstics @f reasoning have been found to be similar BETOEE dif-
ferent specialtiss of physicians and <¢liniclans with different
levels of experience (Barrows et als, 1982; Elsvein et al., 1978;

Neufeld et al., 1981). While hypethesis relatﬁd parsmeters are
commen to different kinds of physiecians,.thelr importance to the
c¢ltinical reasoning process iz uncleasr. For example, wumeasures of
nuthers of hyporkéses, total féncrdted duvring a éasgse, or uamber
attively considered 4t difforsnt cége points, are not prodicrive
of the guvality of outcomes of elinieal wreasoniag, that is,
gudaliry of final disgnosis or management piﬂn. Two measiires bf
'tlmlng i hypothescq generarion, Lime Lo ir
time to correct hypothesis, have been rouné. tc be modtrately
predictive of outcome quality {(Barrows et al., 1978, time to
csrrécg hy@othésis; Barrﬁws éﬁ alw, 19%' both'meaéares}, but

Neufelg et al., 1981}. Furthermcre, BVER thaugh soMe hyp&theses
are. generally proposed early in a ¢linicdl enceuntér and the nime
ber of hypotheses considered falls within a falrly small range
Ckppra imatly 3-7), within these bounds the timing and nuwmber of
hypothesea does show varlabiilfy actoss different casas {Rarrows

et al., 197k, 1982; ¥lstein et azl., 1978),

Data=gathering

Components of the reasoning process assecidied with daiamgaLherm
ing te inquire about and test hypotlieses show an even more
muddled pattern in cliniezal use. Despite parlicular wvariations
within different studies, tdeagurss used to assess data-pathering
characteristics have centered around the general themes of thor—
oughnasd and efffciendy in inforwmation gathering, #ud activeness
and ‘aeduracy In interpretatien of ‘the " inforwvation collected
{e.g., Elstein et al., 1978y Henfeld er al., 1981},

Megsures of Eggrnugﬁnuss in data-gathering are usnally defided
with repard to & set of criterial pacient data items, ltems JFudg~
ed by some standaid (e.g.; a panel of experts) to be eritical
for suscessful golution of a patient case.:TﬁQ¥ngﬁness refers
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epcounter. Efficiency refers to some ¥Yatio of criterisl to now+
criterial items elicited by the clinician, and attewpts to mea~
sure the extent to vhich the cliuleian 1s focusing on important

of the hypotleses. Accukrdey in interpretation attempts to deter-
mine if a clinician interprets data items appropriatéely as
coufirmatory or disconfirmatory of particulsar hypotheses.

The value of data-gathering measuret for revealing important as=
pects of ecliniecal reasoming or in addressing the issue of gemer-
alfty in reasoning is dubious. They are general to practiticners
in that such date-gathering activities are common to and de not
discriminate among different types of clinieians, clinieians
with different levels of euperience, or those of different peer—
Judged. proficiency (e.g., Barrows et al., 1982: Elétein et al,,
1978; Heufeld et al., 1981). However, such m&asures sppear to
hold little importance fu the quality of the Yeagoning process.
With the exception of “accuracy of interpretation” as reported
by Elstein et al., (1878} no orler data-gathering measurss of
the kind discussed have been shown to influence the quality of
clinical Gitcomés, &nd thé importance of accuyracy of interpreta~
tion itself must be questioned (Barrows ét al., 1978, 1982; Neu-
feld er al., 1981, Normam et al., 1982%. Futthermore, there is
fndication that rraditional data-gathering measures are unreli-
able, In the sense that the same clinician does not performsimi~
larly on these measures during two presentations of essentfally
the same case (Norman et al., 1982). Finally, case-dependency in
data~gatlieving acrivitiies hds been indicated, with performance
on  these dctivitiés varying substantially across different
¢linlcal cases (Barrows et al., 1978 Elstein et al., 1978).

Guality of hypotheses

By far the best indicater of cowpetent clinfcal veasoning and
best clué L6 the nature of the Teasonimg process appears to he
the hyporhesis géts thar clinmicians create during the courze of
a case to eoordinete and direct the process of clinical inqui-
ry. The wguality (as judged by expert stdudards) of the hypothe-
sts sets has been sliown to increase systematically with Inereas-
ing clinical experience and training (Barrows et al., 1978; Fel-
tovich, Johnsen, Moller & Bwanson, 1983; Neufeld et al., 1981).
Quality of hypothesis sets is alse the strongest Indicator of
quality in the clinlcal outcomes of reasoning such as Finsl diag-

nosis, management, and therapy (Barrows et al., 1978, 1987; Heu-

feld et al., 1981; Norman et al., 1882). In addiriom, quality
of hypotheses hds been foand to be considerably more consistent
over multiple presentations of the same £ase thin are otrher meg-—
surds of reasening such as data~gathéring activities {(Nofman et

al., 1982). Yet, despire its validity is discrinineting experi-
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encé levels and in predicting successful outcome, and its appars-
ent reliability, the crosg¢-gituational natuve of hypothesis
guallity is still an issuve. While some investigations have found
no cotrelations between sceres of hypothesis quality across
different cases (Barrows et al., 1978; williams, Vu, Barrows &
Verhulst, 1984), others have found wore consistency across vases
(’\;ornaﬁ et ala, ]982)

been élscussed_ an overall plcture ef the reasanlng proceSS, its
critical components, and {ts points »f generality can be wvep~
tured. At & superficial Ievel of deseription, fthe process of
clinical reasoning iIs nesrly uvniversal, and consists of the
hypothetico-deductive method of generating and testing hypothe-
ges. Furthernore, clivicians generate hypothéses eavrly in & elin-
ieal encounter to coordinate and guide their activity, aitid the
earlinegs with which they construer a EFramework of hypotheses,
especially & good omeé, is central in deétermining successful rvea=-
gonting. Beyon{l this set of Tacts, aspects of the clinical reason-
ing process are labile. Tn particular, it appears extremely dif-
ficult to delermine mecessary and eritical data-gathering maneu-—
vers that reveal anything important.about- the clinical reasoning
'pz‘:'c’}'cess althou?h ac_cura(‘y Gf interpretatlm} of flndlﬂgq in rela'-
AJthcugh SOme con51qtent chaxacterlstlcs of the cljninal reasins
ing process ean be identified, they dre not particuldrly sacisfiy-
ing far underatandlng the prmcess of reasoning or usefnl for com-
municating it when training Future clinmicians. They are defiecient
for understanding in that they lesve critical components of
reagoning unexplained. For example, how are good hypotheses.
generated, and whal is the nature of a good hypothesis set? They
are deficient for trainming Tor mith the sane regscens It is ot
greatly helpful to tell novice diagnostiefans that they must
generate and test hypothesss and, most importancly, géﬁerate
goed hypotheses early, without some better speciffcation of the
mechanics involved.

Furthermore, the consistent characteristics of cliniecal reasoning
which have been identified, beyond hypothetico~deduction, do nst
polnt to a singular, homogenecus process to be taught or under-
stocd. The criticality ef & gded conceptualization of the pro-
blem, as reflected In high-qualicy hypotheésis sétd, suggests the
fnportance of the clinician”s medieal kncwledge&base, knowledge=
hase contributes Lo knowing which abnormalities znd processes of
gbnormality share common wunderlying characteristics andmay be
confused with each other clinically (Felrovieh er al., 1983).
the igsue of- accuracy of dinterpretation of clinieal data with
%aSpect te hyporheees also lmplicates the reie of the meéioai
cessey Of dbﬂormallty aﬂd cllnical manlf”'tatiﬁvb {4« b£ expected
ar ot expected uuder their dinfluence. To the extent knowlodge-
based facturs are oritical in reasoming, it might be expected
Lhat rhe quality ef reasonlug wlght be uneven across particular
medical content areas, reflecting the idiesyncratic training and
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exposure history of the cliniecian. Troublesome but confilicting
findings associated with case-specificicy in climical reasoning
contribute to this interpretaticn; whether or not inter-case
generality in reasoning is found within particular studies,
probably depends on the medical similarvity of the cases involved.
liow Can we récencile notions of knowledge~base idportance, case
and content dependence, and the eritical nature of hypothesis
sets with any useful conception of generality Iin clinieal redson~
fig? The Importance of a srrong <onceptualization of the problem,

ag reflected in quality hypothesis sets, &uggests that one possi—
ble aisiswer might 1ie In rhe construct of “problen vepresenta—
tion® which, in studies of problem-svlving outside the Fleld of
medicine, has been shown to greatly influence trasoningand pro-
blem solution and to éiffez" cénsmefab}y between EXpEfZLS and

next. Posszble lmpllcdtlens of yrshlem representatlon for the
ifvestigation of generality in clindcal reasoning will then be
addressed in the remainder of the paper.

Problen veprésentation

Studies of problem solving and expert—nevice diffsrences in pro-
hlem olving in fields other thaﬁ me&ieine have gﬁiuted ta'the
1ng ressoni mg ané determinlng BUCLERS ful proﬁiem ssiutjon. What
is a problem representation? One characteri?ation which has been
glven definés a problem ‘replrasentation as "a cognifive sktructure
Lorrespeﬁdlng tﬂ a probiemi (which 15) constfﬂctéd by a éalvéf oh
(Chl, Feltoviah & Glaser 19813, A prablem represantation is the
solver’s intermal wodel of the problem, contalning the solver’s
gonception of problem elewsnts, thelr relationships o  sach
gther, the goala of problem rolving, ete. It dg well kaown that
differences iIp problem wepresentztlon among problem solvers
greatly influence the ease or difficulty with which & preblem
can be solved {e.g., layeés & Simon, 1976; Newell & Simom, 19723,

?ﬂrthermorP, rhe problem raprgsentatians Qf expérts aﬂd novmces

ierent. preri reptesentatlcms Qantain abstractlonb of the pra~
blen setting that capture the deeper commonalities of superfigi-
ally diSparate EVents. For exampie, when Vlewlng a chcss—board

pieces of the board into 1arger recognizable pleee cenflguratlans
reflécting atéas of strategic vulmerability and st:ength pogi-
tions supporting wancovers of #ttack dnd defense (Ghase and
Simon, 1973; de Groot, 1965). Similarly, when electrefiics experts
view an electraﬂic circuit board, theéy create .a model of the
bodrd that organizes elementary elrenilt components into the waiot
structural units (e.g., rectifiers, asmplifiers) which determine
the global functlom of the circuit (Bgan & Schwartz,; 1979). Hov-
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dces, in eonrrast, represent elementary cireuit compenents by
spatial proximity, ilindependently of their integrdted electrical
.functione

tatLon are task and goal—oriéntea. Further 1ﬂé1catlan ot this
goal-orientation comes from studies of the games of baseball and
bridge. When baseball aficionades observe purtioms of a baseball
game, their repregentaticn of the event 1s stmictured by ‘malor
goal-related sequences of the game such as agdvancing runners,
scoring runs, and préventing scoring. Wovice reprosentatien in=
volves less Iutegral components, e€.g., the weather and crowd
mood, and does not capture goal-directed gsequential activity
weall (5pilich, Vesomder, Ghiesi & Voas, 1879). Expert bridge
rlayers organize the cards in thefr own and opponents® hands
by -suit, dcréss hands = an organization useful for playing the
game of Novicés organize cards by order of w¥ank within
‘hands, an argﬂnizaticn less supportive of usefnl strateégy within
the game (e.g., Charness, 1979},

.Finaiiy, stuﬁies of problem saiving in physits Suggest the im&

_cxp}es of a fleld Fxpert phy51ca prcblem solvers repr&sen; phys-
ics problems as instances of the major physics laws (e.g., con~
servation of enmergy) applicabilé to the physical situaticn, .and
In deing so recode and transform overt problem fedtures into
more ahstract terms {e.g., “before and after situation”, “well
defined initial conditions™), se that their consistency with pro-
posed laws and principles can be rested (e.g., Chi, Glaser &
Rees, 198%; Chi, Feltovich & Glaser; 1981). Novice problem repre~
sepration :in physics is wmore llterai fragmented, and tied ta
6VérL features of =@ problem {e, g., repregsentablone of problems
as ‘spring' er ‘palley? problems ‘hecsuse of the physical
prosenas of these objects in the problem description).

The digeoussion so Fdr has suggested that in i number of differ—
ent probleém areas, expert problem fepreserntation develops Im the
diraction of ipc¥eaping value for accomplishing the tasgks of a
field. Expert wepresentations are useful for playing chess or
bridge, for solving physics problems, ste. For exampie, when a
chess experi characterizes a pgame—situation abstractly with re-
gard to ité elemgnts of Vulnerabilitfy and strength, the appropri-
ate moves ffom the position are Sreatly ¢ofgtrained. When the ax-
pert physicist characterizes a physical situation abstradtly as
an instance of a physics law, the law itself spbstantially di=
rects the form and appchatlon ef eguations that will be used in
selutlﬁﬂ (Chl et ai., 198L, Ldrﬁlﬂ, 1978) MOVlees also imyase

{e;gﬁ_ greg:nlty in electronlc elrcuits, llteral b*echs in
physics) may be expected not to constrainm and gulde subseguent

seiutlans ay well. T

o rudsonlng &nd probiem solvlﬂg is w1th Eegard to & dlstlnctlon
between  ‘weak® and  Cerrong’® umsthods ef  problem golution,
origimally proposed by Newell (Newell, 1969, 1973). Wealk methods
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of problem selution are general methods that can be made to apply
almost universally; the conditiens which must be met in a problem
for rhe merhods to be legitimatsly applied are nen~stringent.
Examples of weak methods are ’means-ends -analysis’ (comparlng
one’s cufrent progress In achievifig a goal to the desired goal
znd  trying to c¢lose the differenece) and ’generate and test’
a kind of hypothesis testing in which possible solutions to a
problem are proposed and tThed tédted £oY fhedt appropriaténess.
Althotgh weak methods are widely applicable, they offer little
guarantee of success in any particular application; hendé their
characteiization as “weak’. In codtrast, stiong metheds are
those that have more restrictive wconditfions which must be met
for thelr applicability and, henee, are tailored ¥o particular
closed -enviroaments. Within thezr domain of applieability, how-
ever, they are highly effective dn achieving solution. An
exam?le of 2 strong mefhod is the mathematiLal proce&nfé fof
of équatlana, but w1th1n equatiaﬁs of spec;fied form; suecessrni
soglution is assured.

The studies of problem seolving veviewed In this section suggest
that the development of competent problem solving ability is as-
sociated with the development of wseful strong methods. Experts
rgpresent problems and problem features In terme of abstract
categorliés and partitlens that deéfine the bounds &0 directed
problem Holving procedored. Hovices aldo attespt to pavtiblon
probleéems within elasses, but do so in less useful ways (2.g2..
*pulley’ problems in physies).

‘There are several Implications of this charvacterization of pro-
bilew solving for the attenpt to find arcas of generaklt} in medi-
cal clinical reasoming and problem seclving. First, it appears
that the weak merhod of clinical reasoning is hy@othefiQO"é&duc—
tion, and thdat as a weak method it is applied nearly wnivérsally.,
Second, with the exelusion of hypothetricordeduction, other char-
acterizations of generality ars likely o be conditional, than
ig, to be found ouly iu relation to the classes of problems and
problem components individuals create with experience and recog—
nize as pertaining wlthin a setting. And £inally, in order to
characterize areas of conditionsl regularity dn medicsal problem
solving, we will have to determine the ways that wedical problem
&oiv;rs of different Lkiunds Zepresant elintéal problems. It 1&
necessary to determine the absiract partitions of Che space of
medical problems that eliniclans uwtilize in rFepresentation, so
that rogularity of redsening within thess «wlasses can be Lldentl-
fied.

Problem representation in Medicine

prablems, ar the aSSOLlatEd categ@rles aﬁd abscractlonq Lhey wse
in characterizing problems or problem components,
Howavery, if the studies of problem representaiion discussed
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least expert representatlon might be expected to shsw. Flrst we
tould expect expert problem representdtion to capturs ﬁammonallﬁ
;y acress different problems ab some level of abstraction, Sec
ond, e w0ﬂid expect expert problem representation td invelve
Basiec *laws? .and principles of med1c1ne, caﬂdidates are gys-
tematic telationships provided by the basis sclences {n. medicine,

for example, anatomy and pathophysiology. Third, there should ha
gsomekind of problewm feature ponsolidation, whereby the evidence
and patient data provided by a case are transformed and aggré-
gated into different types, which serve different roles and pur~
posed, Tinaliy, expert problem representaticn should be useful
for servinmg the diverse poalas of practice; including diagnesig,
but alse management, proguosis, therapy and so forth,

DISTASE A

TEATURES ; W X Y Z
Figure 1! Templates and slot matching

4lthough prohlem représentiliions has Bot been addressed directly
1o medicine, the practices of researchers, in terms of the apera-
tions they measure in siudying elinieal regsoning and the ztand~
ards they use fgr defining covpetent perfermence, reflect an
implicit conception of the manaey im which clinteal ptoblems are
representeda

mallsy f01ms, each of Wthh Sp&ﬁlfie“ assc61ate§ problem features
(e.g., patient data) which should ceccur in the presence of the
condition. The templates are generated as hypotrheses, and further
clipical dava-pathering is difected at filling in and matehing
related feature slots. When ressarchers create matrices crossiag
disease cenditions with problem features, seoliciz gxpert judgment
48 To the coufifmatory or d&ccoaflrmatovy relationship berween
featsres and <onditions, and define criteria for quality of
Feature interpratation end information fathering with regavrd to
these standards, then they are assuming a problem représentation
such as templates with slot £illing (e.g., Elstein et al., 1978).

1t is alss the kind of represerniaticon which has been used ek-
plithly in early attempts at modeljng clin1cal reason;ng o

hdt ig w1ong w:th thl& cenc&ption of prenlem represevtation in
medicipe? There are four Hreas im which 1t Seeous particularly
limited. First, it does not capture wall the Intérdependéncy in
problenm [features and data ftems., Patient data 1ieis are Gftén-
times interrclated and partially redundant, with different items

all bearing on the same chavacteristic of the patient’s condi-
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tion (e.g., HWistory items of fTregquent upper respiratory ilafess
tions, certain heart sounds, and suggestive x-ray findings all
indicating increassd pulmonary blood Tlow). These interrelatlon-
ships need to be captured, since clinieiang can eften Infer some
fludings from others, and do not need to observe all relevant
evidence: in order te redch corrsct cemnclusions. Second, it dogs
ot represent vausal relationships among irems. All features are
treated homogencously, In situations where canzal subordinstlien
and supérerdiuation may -ekxist. When caudgal relationsghips among
features are not represented, the toral picture of expected fea—
tures canniet be adjusted for extrewe or unpsual Values of indi-
vidual features: Third, there iz uc distinction among different
problam features #nd patlent dats Ifewms regarding their different
types and functions im the clinical reasoning process. And,
finally, the template conception of problen representation doss
not ecapture the dynamic nature of illness as a procgss [hat is
somehow acquired, and develops and changes with time.

Some examplos of the Kinds of veldtiondhips anmbng featuvrds that
need te be captured in problem representation can be 1llustrated
by an éxample suggested by reésdarch by the firdgl auvthor and col—
leagues 1n radiclogical diapnosis {Lesgold, Teltovich, €lazer &
Wang, 13813, Figure 2 showsz a disemse template and associsted
features that might Dbe proposed for the condition »f atelecta~
sig, that is, the collapse of part of a lumg. The tezmplate speci-
fies feéaturés that wmight be expedted fo appeatr on the H-ray
{e.g., wediastinal shift, elevited diaphragms) cr as part of the
patient’s history (e.g., chronic puliionary dInfections). One

can envision a templare-matching scheme for diagnosis trhat geo—
erates atelectasis as an hypothesis,  based on some subsel of
these features, and proeeeés to match againgr the rest.

Howevar, as indicated in Fipgure 2, there iz a grear deal of
structure dn the gspecified femplate wvhich fnfluences how it will
bé applied &ud Iiwtetrpreted. There ig struetiré at the level of
the case data thewselves. The x-vay ivems are *illness manifog=
tations®, thet iz, they aré congeguences of €he conditien iIn
the patient, while the histerical itenms are ’predisposing fac
tors’, conditions which lnclinme an individual toward acguigi-
tien of the abnommality. These ave very different kinds of items
and might be ewxpected Lo function differently in the diagnostic
proce&5, Fﬁrthafmore, Lhure i& atrurtura amﬂug aho m&nlfé&tatiﬁﬂb

of &nahamy, blcphyszgs? r—_tc_s 80 thh., tor oxumgle4 thc degiee of
expected elevation in the diaphragw and the amount eof hilar dis-
placesient can be adjusted to degress of compsnsatory hyperinfla—
tlon Im the mon-vollapsed Llebes of the lunge The partli¢ular x-ray

manifestarions of agy owe case of collapse depend on a subble

interaction of such rule-governsd factors. Finally, whon all of
the features specified iIm the kewplate are taken together, dif-
fércﬁt *Stdrieé’ ot %ééﬁafiéﬂ Gf Ehé {Tlnéé% éﬁé it% CeVEIO?w

.pleﬂi“poqlﬁé factor because alcohelica. sometinas 1nndle thedr
own oral and nasal mucous; leading te obsiruction of ajr-pasesges
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ih the lung and subseguent collapse: Heavy smeking leads to
empliygetia, overinflation of lung lobes, which can rcompress and
collapse dther lobeés. Long tefrm, recurrent pulmonary infections
and  inflammatien can  cause gevere sdarring  and resulring
contraetions of the lung.

1
i
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Figure 2: Fxbmples of struckture within a template, atveléctasis

ness and its sssceiated cliniecal featnres; and may be candiddtes

for the kinds of organizations competent practitipners recnznize
and dtilize. representing a clinical problem. In turn, they are
alse candidabes £or seaningfol dimensions on whiech clinicians can
particion sets of problems and establish related comsigtent lines




Iilness seript =-=> enabling conditions, faulk, coensequéndes
enabling conditleng ———> predispesing factura, boundary
conditions, hereditary factors, etc.

travel, drugs, eto.
boundary conditions —=> age, fex, ehc.

faults ==-» invasion of risseue by pathogenic organism
inadeguate nutrient supply,
inability of tissue to survive/thrive; etc.

symptoms --—> initial symptoms, eymptom patterm...

Basic sgilences {anatowmy physiclogy, etoc.) are coustrainks on how
the pleces can be put together.

Figure 3: IlYness script

We have recently begun to explore a device Ffor studylng elinical
problem  vepresentatfon which we eall an ’dllinezss script’
abnotmality which proposes gemeral cowponents of illness dnd
thelt fotervelatisnships., (In our Binking about the illness
geript, we are indebred to Clanesy, ik press, which serves as a
foundatieon.)

At its most general lewvel of description, the script proposes
that an illness can be characterized by three cowmponent psrks -
enabling conditions, faults and a set of consequences. These are
abstract catsgories of illness features, and each can be further

illneéss Teatures dssociated with the wequisition of illaess. They
include more speéciiic caregories souch as predisposing fachors
{€.f., compromised host factors, unusual travel, hervaditary fac-
tors), which can make an individual more susceptible than usual
to illpess o geéneral of to particular illnesses. Faults are the
major real malfunctions +in illness, and are cliaractevized ab=
stractly as major diffevent types, e.g8., dnvasion of tissue by
pathogenic organisms (a site of infectlon), Iinadequate nutrient

thrive (degeﬁeraaian)o Consoquences #re the secondary oonse~
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guenceas o0f faules within the orgeaism, ahd gemerdlly &omprise
different types of signs and symproms.

I the system of clinical reasoning we énvision, a elindvien
attempts fo represent and understand a parcient problem by con~
stiucting am integrated script er scenario for hew the patient’s
condition came to be, its major points of malfunction, and its
subgequent assoclated oonsequences. We also propose that basic
s¢ience knowledge (physiology, etc.) plays an integral role in

the constructlon ef such scripts by constralning and guldlng thﬂ

tth system, 1t is the 111nesa script that ‘helds preemlﬂenca,
and other clinical activities such as hypothesis gensration and
information gathering wust be understood In relatiom te script
developmant.

We havc iny begun stu&ies to explore the nature of medical pro-

uwEeful ccnceptuallzatlon for hsw problemﬁ are representad hut
we cdn show an example of the kind of rvesults we might find. The
exauple reéported fs from a $tudy in which we are uwsing problem
syntheses and summaries to investipate the structure of clini-
cian’s problem represemtations. Physicians take histories from
and conduct physical exawminstions on patient-actors {individuyals
trdlned to mlmlc the clinical pres&ntatlcn of :eai-patlents) and
coliect&d and & brief syﬂﬁ?sis of the 'patient g ﬂhéeriying
biomedical condition as they understand It.

[oF Piease “QViQW'&ll patient data you consider to be important

A. This 1s a thiriy-year-old, married woman, who has been in
good health, wh¢ has had two episodes of (uh) shorkness of
bredrk in Lhe last wéek. These were characdterized by hvper“
veprtilatlion, and subsequently with thest distomfort and senme
numbness and tingling. There has been a nodest amount of
stress in ber life recentiy. (wh) Thers appears to be nothing
else in her history which suggests any underlying pulmonary
disegase. {oh) {pause) She’s not taking any birth control
pills, she's noet a smoker, she has no evidence of (um)
th’r’émbt}e aboli s, Cai) {paus e.) She’s generally dn good
heglth. Okay?

Q. Please summarize important -aspects eof the patient’s bio-
medical conditlon: for example; anatomy of pathophvsiology.

A. {uhk) I think she has episcdes of hyperventilation (uh) which
appear to bée {uh) initisted by stress, (um) manifested by
{uh) ({paide) tachypnéa which results 4in (ul) excess L0

(uli) loss {uh) and results in s6me péripheral (ul) (pause%
neurologic symptoms. Some Chest pain.

Flgure 4: Examples of physician summaries



Figure 4 gplves these summaries given by 4 cardiolopist foi a
Young women complaining of “difficult breathing?. When he Ls
asked +to summitize the eass dara {first summbary), the structure
in the physiclan’s fegponse is pet ¢lear {(at least to a non-
mgdical eye). However when these data ave compdred with the sec-
ond summary, Gie Dblomedieal conditfon, a distinct patbern
emarges. The gecond response is 3 high~level ouline of an 1ll-
ness sceript which can he characterized as follows: Because of
stressful situational factors inm the patient’s 1ife {enabling
condition), the patient becomes ankious and breathes strangely,
blowisg off co, (the faultd, The loas of €0, resalts in rcu~
rological symptonms aund chast jizgdin {cgn%equcﬁaes) The correspon—
dence of the gcript to dore elemental items given in the first
part of the firs¢ summary {e.g., ounbnéss and tingling]) can be
spen., Furthermere; rudiments of another, altermatively consider-
gd, se¥ipt can bhe sgeer Iun the first summary. To o medically
knﬁwﬁe&gabih observer, thia script dnvolves che takiug of birth
________ - £ of throwboembolism 4o a
leg, mlgratlng O Lhc lungs, apd canslng the pacrient®s diflff+
culty in breathing.
BHE ecourgse, wore work needs Lo be dome before the role and struc—
ture -of illness seripts in eclimical problem representatien can
be verifled amd specified. BHewever, this way of thinking about
problem vepresentalion hay several Jwplications for the seareh
for eonditional generality In clinical reasoning. The first is
with regard to good hypotheses and the paftitioning of the p¥d-
blém space. The illness s¢ript specifies abstradt categories of
problem features (e.g., enabling conditions, faultsy, oceurring
actdds diffevent illnesses. Medical cendliions which are similar
ont any of thegd problem diménsions alght congtibute @ problem
Qake?orv in the yreblez; representatief' oh' the physician, and
""" g. Orher inplica~
tlcns are Ulth; regald to CLlnlE&J strntegy' and data-gather—
ing. First, it Is within problom categeries based on similarity
in scPipt components that we mighn e¥pédiy to sea conditional rep~
wlarity in reagouing. Tor axauple, 1f fllnesges in a cdEtegory are
defined by common faults and consequences, we would ewpect imqui-
Ty to focyg on establishing differences in boundary conditionms of
various kinds. Second, it is an integrated script thet neeﬁs Lo
bo conssructed for a patient, amd there is ?eeway dn Ebe p

i data Items which wmay be used to complete it. Fox 1p]

example, fn
questioning the patient; the cliniefan in our example asked nu-
marouy stress—related questl@ﬁq ey ey 11ng huqbamd Fawily, work,

etc. At the level of the” it wag 'ﬁhE
_etre-a Lhdt'ﬂevdLﬁ Lo he veriFiod and paltloulnr queth@dP and

: mHy bupper; anethgz lave} of btrate&y‘ nat con—

dibioned on particular illness sees being coonsidered as
hiypotheses, but, rather, directed at the control and management
Wloba] process of hypothericd-deduetion. ¥Fot exanmple,wl

physicians judge Lhat they arge beconing overly focused within
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dlagnosls, they may choose to dov a general Tscan® for uvousual
predigpesing Tacters, e.g., compromised hest econditions, unusual
drugs, or travel, etc. This level of strategy would alse be con+
ditippal, but on =specified aspects of the reasoulng process

{e.g., ‘premature closure’), vrakher than -on hypﬂ;hﬁsx& sets

éf ohhel éiéﬁevtd of the content sf reasonzﬂg {cf. Ciancey, iﬂ

sentatlﬁn aﬁd Lhe ral@ gf mcrlpts should help tc_clarl:y BOmE of
these iwplicationw.

L?Ln ASbUcaatLd (QHSLsfent Eines“of reas ﬂgg (5tron9 metheds}
and rhelr recéssary compénents <an dlso be 1nvebtlgdted. Thisg
will corfribite ¥o our undérstaading of the vegularities of ¢1iin-
ival reasoning at levels more detailed than geperal hypothesdis
testing. Training ven thern bé directed at teaching movices to re-
cogrize these classes, and to engagd related, more specific lines
of ¢linfcal dimpguity.
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