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Introduction 

As Schwartz has noted (1) : 

“Many discussions during the 
computers as an adjunct to medic 

past decade have considered the use of 
i no. FM, houever. have fully explored 

the possibility that the computer as an 
the present system of health care, 

intellectual tool can resnape 

phyrician, 
fundamentally alter the role of the 

and profound I y change the nature of medical manpouer 
recruitment and medical education -- in short, the possibi I ity that the 
health-care system by 
uhat i t is today. 

the year 2060 will be basically different from 

“Much has, of course, already been said about the role of the 
compu t er in improving the efficiency of the health-care system. These 
now familiar projections envision the computer performing a uide variety 
of functions such as the scheduling of hospital admissions, the 
of medical records’and the operation of laboratory and pharmacy. 

keeping 
Such 

developments in the area of activities offer 
cons i derab I e hope for 

“house-keep i ng” 
the improvement of both hospital and outpatient 

operations but do not come to grips with the more fundamental problems 
of the health-care system -- the increasing shortage of physician 
manpower and the geographic maldistribution resulting from the 
reluctance of today’s doctor to practice in rural or depressed urban 
commun i t i es. Even less do they give hope of dealing with the difficult 
chal Ienge of maintaining a high level of physician competence in the 
face of a continued expansion of medical knowledge that tends to uiden 
progressively the gap between what a doctor should knou and cihat he can 
retain and uti lize. The computer thus remains (in the I ight of 
conventional projections) as an adjunct to the present system. serving a 
pal I iative function but not really solving the major problems inherent 
in that system. There is, in fact, little reason to believe that any of 
the current proposals for solving these problems, technologic or other, 
ui I I do more than mitigate their severity”. 

One radical and intriguing possibility for improving the eff.iciency 
and effectiveness of the health care system is to use the computer as an 
“intel lectual” or “deductive” instrument -- a consultant that is bui I t 
into the very structure of the h e 
abilities of physicians and paramed i 
considerable intellectual and techno I 
and a long term research commitment 
to be real i ted. 

alth care system and augments the 
cal personnel. Clearly, houever, 
ogical resources must be marshalled 
must be made if this possibility is 

We loill argue in the body of thir P roporal, that the 
principal impediment to the realirat id sn of thir exciting 
prospect ir the lack of a good theory of clinical cognition. 
Despite successes in certain areas of clinical medicine, no 
theory of clinical decision-making has been developed which 
can explain the richness of the problem-solving behavior of 
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expert& Furthers we will argue that the computer ir the 
key to the~development of such-a. theory; The. computer- 
prooid&,r: atwanvizwtment imzohieh: idear~about process can be, 
erprersed fw a:. quire~natural way. Such. enuironment is: 
essential if -teawe to advance out uudersranding of clinical 
cognition. I 

A I though. the i de&! of s uti ng computewe~:and:. conrput~~~ pwgtwsw i n % the 
duveIopment+of”co@ tive- theories- is-zmt’mw’ (21; t-Wd&veIopmentw in 
computer sciencmaad.. technology make-this idea:more. pouerful. IJe. have 
organ i zed a. tsar: of computer scient-ists and medical scientist8 in a 
concerted.attack on- the problem of- understand4 ng. cl i ni ca 1 deci 8 ion- 
making in neu and. profound uays. The,.Computer Labora tory concept i s on8 
which fits.uell into ouw.current activitiee; and indeed, it offers-us 
real leverage ui th:respect to the,gronth of.our-efforts& 

whst ~WlE~Propoa&PTa 00 

Var i oue approaches to the‘ -prob teas of automating proceseee for 
cl inical deci sion+makfing: have:been-emfxloyed:by::ras~ in- the- field; 
and cons i der abrt et+ success’ has been. ach i evedz We be I i eve that an’ expert 
program: uhi ch’ caw del iver’. advice! and: consul tat iow tii th- respect to 
ser i oue- c I i ni Cal.. prob I ems ui I I make use of many of: thee8 approaches. At 
present, however; none of these approaches is.sufficiewtly pouerful to 
offer the inteqrativeoradministrative capability.requirad:to’ organize 
the variety- of;! pmoblem~ selving:,approache-3, necessary. for the- f ul I range 
of cl i n i ca I protdetus.. Thus:,uhi-ie- other researchers continue.ui th the 
deve I opteent an&refinement of existing techniques-i ue:propoee+ to devote 
our efforts. to: the problem of defining and. implementing the’ frameuork 
ui thin which thw techniques can be organized-an&control led., 

The. ontyx ewmptes we have of the integra,tivwabi I i tiw uhich are 
required come-: from the, performance of clinical experts. Clearly, they 
poeeeee~ the+~adarinistretive~~ probtem-solving knowledge to shift from one 
approach to another ae the ,case merits. For this reason, the- principal 
focue. o.f our efforteLuiI I be on gaining a bett8r understanding of the 
behavior of experts. 

we: propoee~to undertake a-program. of research- uhich will result in a 
new and-.eignifIcantly better theory of clinica-l cogn:ition,.w.ith--epecia-I 
emph-aeie on theradministrative- aspects of thwprobIem~solving~- behavior. 
The computer ui I I play. a-central role in the, formulation.and- teeting of 
this theory. Further; because the concepts- upon,uhi ch the theory ui I I 
be based u i I I be-expressed in a form which i s programmab I e, we u i I I have 
a neu technological frameuork within uhich. efforts to create 
distributable exuertlse can proceed in concert. This in turn uill speed 
the realization- qf that revolutionary role- of- the computer- in the 
heal th-care system suggested above. 

The activities-of the Laboratory initially will be centered on several 
specific research projects which are related to our- overal I goal. These 
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projects are diBCUBBBd in detai 
wi I I simply mention them and: the : 

l)- Taking the Present I I lness 

I in the body of this request. Here we 
ir relation to our primary goal. 

The present i I I nes8 i s the initial point of contact between the 
patient and the physician, and for this reason. it represents a 
logical starting point. More importantly, houever, the cogn i t i ve 
demands of taking the present illness, establi8hing the facte, 
drawing inference8 about the, facts and about the patient, deal ing 
with discrepant information and uncertainty,. etc. are ,centraI to 
all clinical decision-making, 

One of our major project8 uill be to develop a computer simulation 
of an expert taking the present i I Iness. Such a simulation uill be 
based on specific IIteChaniSmB for solving the various cognitive 

.problems involved. Theae mechanisms, in turn, will be central to a 
variety of other decieion-making programs. The knouledge gained from 
this effort and- the results of the next project discussed uill allOU 
us to attack the prObleIII8 of differential. diagnosis and the 
risk/benefit analysis of management. 

2) Ths Formalization of Clinical Knowledqe 

A second major project of the Laboratory will involve the 
development of new way8 to formalize medical knowledge. Ini?ial ly, 
this knowledge will be primarily that which appear8 in texts or 
j ourna I article8 on clinical problems, augmented and refined by 
clinical experts. 

The criteria by which proposed representations of thie knowledge 
will be judged include: 

a) clarity 
b) pars i mony 
cl camp I etene88 
d) capacity for expressing re 
e) the ea8e with which it can 

ations among “pieces” of knowledge 
be assimilated by a computer 

Loose I y speaking, the present llness project can be said to be 
concerned uith how knouledge is used, UhereaB thi 8 pro jeCt is 
concerned uith formalizing knouledge i8 required. 

The result of this effort uill be a methodology for building a 
knouledge base for programs such as the cognitive simulation of the 
present i I Iness, and it 8hOuld be viewed a8 being intimately 
connected with that project. Further it should provide a basis for 
research on the construction of diagnostic and management programs 
for varioue problem8 by providing a framework within which the basic 
know1 edge required can be organi xed. The Laboratory wi I I also 
develop programs for djagnoeis and management uhen a good baee of 
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understanding has been achieved. 

3) Model-Based Oecision-f’lakinq 

There are a number of important areas of clinical medicine in 
which a .formal ( generally mathematical) model is available upon 
which certain diagnostic Or management decisions could conceivably be 
based. 1 n many of these cases, huwev8r. -the AodsJ in question is of 
I ittle cl in+cal use. Although the modeC often surpasses thu ability 
of even the best physician to deal with certain aspects of the 
problem, or with “classic” cases, i t cannot cope wi th a variety of 
patient-specific factor8 which should be factored into the decisions, 
or cer ta i n emergency cond i t i on9 wh i ch should cause a re-ordering of 
the priorities in the model. .In general physicians understand hou to 
al tar and refine their approach to a problem in the I ight of such 
factors, but computer program9 unfortunately remain very rigid in 
th i s regard. 

If ue look to the day when various mods18 and techniques are 
combined in a 8ingle system, it’is clea& the new flexibility must be 
bui It into the component piece9 80 that they can be “tai lored” to fit 
a certain situation, and 80 that c~mpanent pi 8~69 uork coherent I y 
under the same assumptions about the patient. 

To achievu this aim, us need nsu way8 to combine med ica I “%ommon 
sense ui th mathematical models. The models themselves must be 
repreaen ted in such a uay as to al IOU this common set798 to be 
appl ied. lience it must be clsar to Borne supervisory program uhat the 
basis for a particular node1 is, and how changes in assumpt i on8 about 
the patient affect- this baBi8, and hence the model. 

Ue will begin to investigate these problem8 in the con tax t of a 
model for the administration of digitalis/digoxin. This problem is a 
good one. because the “beBt” strategy for any patient depends in part 
on the use o.f a model, and in part on a basic understanding the 
nedic.aI prnb.lems of the patient. 

There a+% several problems which arise in almost all phase8 of clinical 
decision-making, and these wi I I 
activity 

be the focus of a cant inuing research 
of the Laboratory. We mention them separately here, but we 

Want to emphasize that they real I y represent thread8 uhich run 
al I our work. 

through 
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4) Deal inq ui th Oiscrepant Information 

One of the important problems in clinical medicine is the amount of 
d i screpan t information which must be dealt ui th. .’ Some of this 
difficulty arises because patients are not aluays accurate observers of 
their symp tams, or because they uish to conceal facts from the 
physic i an. Other prob I ems arise from errors in laboratory tests or 
medical records. In addition tnere are many problems in uhi ch the 
discrepancy is not absolute, but rather relative to Borne current I y 
believed hypothesis about the patient; 

The question of belief is thus central to clinical decision-making. 
We plan to study this problem. in a variety of contexts. uith the 
intention of answering such questions as: 

Hoti is the credibility of a piece of information established? 
How are potential discrepancies among facts detected? 
Hou are conflicts between facts resolved? 
What strategies are employed to resolve ambiguities or 
discrepancies? 

5) The Representation of Time 

Time plays a key role in clinical medicine. Oi seases and their 
manifestations evolve through time. The interpretation of facts is 
of ten affected by the place of tSese facts in time. Often time-based 
relationships are crucial in making diagnoses or management decisions. 

If us are to capture clinical expertise in a machine, we must equip 
the machine uith an understanding of time and events which take place in 
time. Thus the machine needs a minimal ability to place events and 
intervals on some form of “time-line”, and to make appropriate 
deductions about this arrangement. But much more is required. For 
example, we must develop uays to capture the concept of episodes. The 
machine needs to understand such fragments as “the gradual onset of the 
d i sease” and “an abrupt cessation of symptoms”. 

This is an area where substantive progress can probably be of direct 
use to other researchers in the field uho to date have employed rather 
ad hoc methods to solve the problems of time representation or uho have 
had toskirt the issue entirely to the detriment of their efforts. 
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6) Inquiru and Explanation 

Another area in which ue uill be uorking is the development of 
mechanisms uhich al IOU a user to employ a natural and direct mode of. 
interaction ui th a program and uill allou a program the ability to 
explain lts.bahavior in terms uhich are readily understandable to a 
cl lnician. 

To a large extant, ue uill rely on research and development of 
natura 1 language capabilities by others, in particular some of our 
colleagues at fl.i.T, but we will play an active role in adapt)ng their 
work to the medical context. 

We uill play a more central role in the development of the technology 
which ui II al low a program to generate explanations. Such explanations 
may be based on a variety of principles such as the use of physiological 
mode 1 s. The point is that such a capability must be developed to meet 
severa 1 needs: 

a) the need for users to understand the basis for a program.8 
advice, particularly uhen the clinical problem is a serious one. 
bl the newd for clinicians uorking in uur group tu have access to 
facts and procedures used by the program in arriving at a 
particular conclusion. 
cl the need for students to interrogate the program to I earn 
about its strategies 

Here again, progress in the development of these faci 1 i ties, coupled 
with progresrr on our other projects should have an immediate and direct 
impact on the work of other researchers in the field, as well as a 
1 onger term impact an the de I i very of heal th care. 

In summary, we are proposing some projects which we believe wi 11 
provide the proper direction for the Laboratory. The prob I ems addressed 
by these projects are all basic problems for computer-aided clinical 
decision-making. Our emphasis on the study of clinical experts and on 
the use of the latest concepts of computer science to express the 
results of this study will provide a unifying theme for members af the 
Laboratory. 

We have already formed a group of computer scientists, clinicians, and 
graduate students, which has begun uork on these problems. The 
Laboratory would greatly facilitate and accelerate collaborative efforts 
Of this kind, and it would be a link betueen the impressive computer 
sc i ence resources of ll.I.T. and the equally impressive cl.lnlcal 
resources of the Tufts-New England lledical Center. It would also 
provide a center into uhich researchers from other institutions could be 
draun. In all, we envision that the Laboratory uould be the center of 
neu, vital, and important combina:ions of research and education. I te 
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activities should have a significant impact on the computer-aided 
delivery of health care, as us11 as on medical education. 

Backaround 

The Laboratory we are proposing here will bring together experts from 
the computer sciences and from medicine for the purpose of gaining a neu 
and deep understanding of the processes of clinical cognition and 
developing the mechanisms to trans I ate this understanding into 
improvements in health care delivery. Here we want to give a brief 
hi story of the development of the research group,. and then because of 
our involvment in both medicine and computer science, we want to briefly 
rev i eu important concepts and developments in both computer-aided 
clinical decision-making and in the relation of computer science to 
psychology and to theories of problem-solving. 

m D~slopmsnt of Our Research Group 

In order to put our application into perspective, we want to include 
a brief history of the development of the research group. 

The nucleus of the group was formed several years ago, and it 
consisted of Ors. Schwartz and Kassirer and Professor Gorry. Schuartz 
and Kassirer had been uorking on the problem of encoding the protocols 
of expert3 in computer programs, and had deve 1 oped a program for acid- 
base prob terns ill. Gorry had developed a program which used statistical 
decision theory to solve diagnostic problems W. Because of the common 
interest in automating processes for clinical decision-making, the three 
joined forces. 

The initial efforts of the group were directed along the lines 
suggested by the decision theory program. The work was considerably 
deepened and expanded during the two years following the initial 
formation of the group. A series of papers describing the work were 
pub1 ished, most notably two recent articles ((4 I and 1% I. Thege two 
paper 8 consider in detai 1 the application of decision analysis to 
clinical decision making, both insofar as the automation of the process 
is concerned, and with respect to the use of this formal ism by 
cl inicians. 

Or. Pauker joined the group in 1971, bringing to it a rare 
combination of expertise both in medicine and in computer science. 

Ouring the latter stages of our work on decision analysis, we began 
to see certain difficulties in using decision analysis as ,the sole basis 
for a system to deal with real problems of crisis medicine. After 
further definition of these difficulties, we were given a research grant 
from HISMA under which we explored these problems. From this 
exploration emerged a recognition of the need for a close cooperation 
with skilled computer scientiets. 
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n computer In order to promote a closer union between researchers 
312 i emce and the uorkers in our group, ue held last summer a week long 
conference on the problems of clinical decision-making and the relevance 
of advances i n. computer science to these problems. Attending the 
conference .were: five members of the M.I.T. computer science faculty 
(including Professor Marvin flinsky, the director, of the Artificial 
Intel l,igenw Laboratory, and; Professor Edwarda Fredkin,.. Director of 
Project’ I’lACb and, the members+ of’ our- group. already, menMoned; The major 
result. of’ thie- conference was the rewgni tion of the- potential benefits 
to medicine of- a* strong. computer science supported. research, program, and 
the complementary benef i t to computer science of a closff.involvment in 
medicine. 

At this meeting, we resolved to organize a research program wh i ch 
would br-ing together f-irst rate computer scientist’~tand cI,inicians in a 
coordi na-ted- study of, the problems of cl inical decision-making. This 
proposa I and. the: work upon which i t- i s based i s. the resul t of that 
co I I abora ti on. 

Since that meeting, we- have been actively pursuing. research in this 
area. We have: funded.our activities through smal I amounts, of money from 
var i ous sources; Despite this limitation of resources, however,. we are 
proceed-i ng at a-rapid rate. In addition to the research discu,ssed in 
thi e proposal, we are attracting graduate students in computer science. 
Five graduate- students are already working, wi th us, and ue would have 
more- if more,, funds, were avai lable. 

Professor Carry has joined the faculty of the Electrical Engineering 
Department at-fl..I,T. and is,working at Project MAC. Professor Sussman 
of the ArtificiaJ- Intelligence Laboratory is taking an active role in 
our research- e+forts, and other faculty, notably, Professors Fredk.in and 
Minsky are advising us and encouraging our efforts. Host notably, Or. 
Schwartz w-i I I, bea Visiting Professor at Il. I. T. next year where he can 
devoted increased. energy to the research program’. 

Al I this causes us to be very optimistic about our abi I ity to mount 
an excellent prugram of research and education in computer ,science and 
medicine. The critical problem now is not the people or the ideas, but 
simply. that ue lack funds. Because our uork seems so well in line uith 
the intention of the Computer Laboratory Program, we hope to obtain the 
needed funds from that program. 
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Previous Rsaearch on Clinicel Oeci8iurrMeking, by Computer 

Broadly speaking, work on computer-aided clinical decision-making falls 
into two categories. In the first category are efforts to develop 
computer-based mechanisms for assuring orderly and complete acquisition 
of data concerning the patient. Examples of such efforts are Weed’s 
problem-oriented approach 161 and uork in history-taking, physical 
examination and laboratory testing procedures (See, for example (71.1 
It is believei that with improvements in the data acquisition and data 
structuring processes will come improvements in either the effectiveness 
or the efficiency of the clinical decision-making process, and in 
genera I , this belief seems well-founded. 

In the second category fall all the efforts which are directed at 
developing computer realizations of procedures for making diagnostic 
and/or management decisions. In general, activities of this type have 
paid less attention to the orderly acquisition of facts than to the 
problems of interpreting the facts as presented. Within this category. 
however, a further division of efforts can be made. This division is 
based on the view which the researchers take of the decision-making 
procedures they are developing -- whether these are thought to be 
descriptive or normative. In the former case, the researchers have 
attempted to codify the way in which experts actually make diagnostic or 
therapeutic decisions. In most cases, the determination of exactly hou 
an expert behaves has been rather ad hoc, involving a mix of 
introspection, interview, and various forma of observation. Some 
notable successes have been achieved in this way. 181 (Here ue are 
measuring success in terms of providing distributable expertise about 
eome problem domain.) 

Those uorkers wi th a more normative bent have emphasized the 
development of models and procedures for decision-making which are 
thought (under certain assumptions) to be the basis for optimal 
decisions. In almost all cases, the assumptions are met only loosely, 
and no real claim of optimality can be made. Still, the general flavor 
of the uork suggests that computers ouqht to make decisions in this Way, 
without regard to the way in which humans make the same decisions. The 
more normative approach has also yielded success in certain areas 
(e.g. (31, 151 , and (91 1 

Although work in both of these categories has shown considerable 
promi se, and research continues actively on both approaches, no program 
has been produced which can cope with the real complexities of the 
cl inical situation, e.g. time dependent changes in disease, mul tlple 
d i seaae in the same patient, and a variety of patient specific factors 
uhich have an influence on both diagnostic and management strategies. 
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We believe that these approaches and the techniques which 
they have produced toil1 enter into an erpert rystem in an 
important way. We do not believe, however, that either of 
there approkhes, as currently employed, can be the barir of 
the kind of administrative and integrative stnrcturu 
required in such an expert system. 

For this reason, we want to explore in some detail the methodological 
I imi tations of the approaches which have been used to date, It should 
be remembered that our cr i t ici ama of these approaches are in the context 
of trying to provide an overal I framework for clinical deci a i on-mak i ng. . . 

1) Flow Charting 

The ‘descriptive’ approach is to construct a flow chart to 
represent the uay in uhich a particular problem is to be handled (e.g., 
(71 , (81). As uas,noted above, the manner in which the flou chart is 

obtained ie usually ad hoc, -- Sometimes the flow chart represents the 
opinion of an expert as to the process he believes he uses. In other 
cases, it is based on a mixture of introspection and more formal 
modeling of aspects of phyajology or pathophyaiology. In any event, the 
resulting f lou chart is an encoding of a decision procedure which is 
deemed to be a good one to follow in the particular clinical area in 
quest ion. 

There are two major difficulties with this approach insofar as complex 
clinical problems are concerned. First , a rigid definition of the 
logic to be used in a given ai tuation may be impossibly cumbersome if it 
attempts to account for. time dependencies multiple interacting 
prob I ems, pati-ent specific constraints, etc. l&en if such flow charts 
can be constructed for aubprob I ems of a clinical problem, the decision 
as to hou and uhen they should be combined, aodif ied, and appl ied to a 
given situation remains. The representation of knowledge in flow charts 
makes thi s latter decision exceedingly difficult. l’ledi cal know I edge 
about a given clinical ai tuation is impI ici t, not explicit in a decision 
f lou chart. Because the reasons for a particular ,brartching a-re not 
avai lable to the program, in general it cannot make even simple 
deductions about them. Thus, unless the clinical si tuat ion matches 
exactly a series of branches in the flow chart, the program is helpless, 
because its lack of underlying knowledge prevents it from adjusting i ts 
approach to a non-standard problem. 

Further, with this kind of structure, a user cannot inquire about the 
basis for a decision or suggestion from the program. And. an expert 
cannot add new knowledge to the program except through a laborious 
search through the programs or frames of the flou chart to ascertain 
what the program already knows a given subject, and how the neu 
knouledge should be related to it. 
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Another approach to the problem %f computer-aided decision-making 
is to give a program an exnl ici t description of the relations betueen 
findings and diseases and betueen actions and outcomes. Then one can 
Incorporate ‘an inference Procedure into the program for sequentially 
deducing the path it should take uith respect to a given problem. This 
approach is the basis for the decision analysis program ue bui It for 
acute rena I fai lure ((31 and (5) 1, and has been used by others in 
di f ferent contexts. (e.g., 191) 

By explicitly recognizing the uncertainty in the relationships 
and by generating a decision tree for each neu situation, a decision 
ana I ys i s program for balancing coats and benefits can deal ui th the 
equivalent of-a very large number of flow charts. 

This work has demonstrat.ed that decision analysis is a very powerful 
approach to prob I ems of balancing risks and benefits in the cl inical 
context. ‘. 

With this approach, houever, there are limi tationa which pose very 
ser i ous prob I ems. when real-world complexities are in traduced. Our 
current methods .for the explicit description of the probabilistic 
relationships, the tour sea of di seaaea, action-consequence 
relationships, etc. are very rigid and to a large degree, artificial, 
and although these forms of description are uel t-suited for the decision 
analysis algorithm, they are very cumbersome for the expression of 
medical facts in medical terms. Thus, a time-consuming and error-prone 
process must be undertaken to translate descriptive statements (made by 
experts, for example) into material uhich the program can use correctly. 

A second problem is that it is very difficult to give procedural 
advice to a program based solely on decision analysis. For examp I’e, an 
expert might uant to suggest a logical procedure (perhaps a “flow- 
chart”) by which a specific ai tuation can be efficiently and effectively 
handled. He may have processed (in some way) all the uncertainties, 
risks, and benefits associated ui th the ai tuation, and he knows that the 
procedure is useful. - He cannot, however, add the procedure to the 
program directly. The options are either to reprogram the system or to 
determine some parameters which, when used by the decision analysis 
program, cause it to do the “right” thing. Both alternatives are 
unsatisfactory if much knouledge is to be added to the program. 

Finally, to the extent that explicit descriptions of diseases, 
etc., are formulated in terms of probabilities, the knouledge of the 
program is basically a mass of numbers , and the explanation of decisions 
or suggestions made by the program Mill be very difficult for an expert 
(and more so for the average user) to understand. Concepts and language 
natural ly employed by the expert to express ,his knouledge have to be 
converted to a set of numbers which uhen coupled uith some decision 
produced the same rasul Pa, 
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To summarize, neither the flow chart approach-nordection 
analysir can be the basis for a program which deals with 
complex &&&al diagnoA and managemtnt problems. Bath 
approaches have value in certain circumstances and should be 
ured aa appropriute, but new techniques are required /or a 
program to be .able to deal with the lull range of 
eonaplesitier -.whioh arise in aeriout &nieal:~~ 
Aduances we aEIo required if it is to beporrible /or atr 
expert to itttewwt with a program in rlrch a way that the 
program can assimilate the srpert*r knoroledgu, and for a 
user of that ,program to be able to have natural and direct 
acces* to. that ‘portion of the knowledge which ir moat 
relevant to the ,clinical problem he ir considering. 

The need for these innovations is underscored -by the ..divers i ty of 
knowledge which experts used. They us,e descriptive, causal, procedural, 
and administrative knouledge along uith common sense. It seems apparent 
that current formal isma are suited for only one or 
knou I edge, 

tuo types of 
and -that a new framework for organizing and 

diverse kinds of knouledge is required. 
us i ng these 

llore recent uork, such as that 
of the Rutgers Special Research Resource on Computers in:Biomedicine is 
directed to the.solution of some of these problems. We hope that the 
proposed Laboratory would establish cloee relationships ui th such 
activities. 

The Relevance & Advances $ Computer Science 

Advances in computer techno I ogy, 
information 

including dramatic increases in 
storage capacity and the development of remote access 

capabilities in the form of time-sharing systems, suggea t the 
poss i b i I i-ty q ent i.oned above, that computers uouCd.serve as a repository 
for medical expertise and as a means for disseminating that expertise to 
points of need uithin the population. I f such * knou l edge-based’ sys terns 
could be built to serve as consultants for clinical problems, they could 
be rep1 icated -4either in fact, or effectively through-mu1 tipls .remote 
access to one system) as needed. 

Unfortunately, this computer power alone is not enough to carry us to 
our goal. ,As ue noted in the introduction, the major impediment to 
progress is aur lack of understanding of the processes of clinical 
cogni t ion. 
alone, ui I I 

Therefore, advances in computer programming and technology, 
not solve the problems. It is important, hoclever, .to 

recognize the role uhich advanced computer science and technology play 
in research such as that being proposed here. 

It is an unfortunate fact that although advances in computer science 
and technology cannot solve -the problems, deficiencies in either can 
pose a ser i ous hindrance to progress. Until recently, various attempts 
to formulate behavioral theories of complex processes uould have 
suffered from a serious lack in the existing technology, the technology 
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uhich had to be the testing ground for these theories. As a result, the 
development of theories of intelligence in certain domains uas retarded. 

In recent years, there has emerged’from research in computer science 
a neu ’ technology* for representing some kinds of knowledge in computer 
sys terns. This .capabi lity is relatively neu, dating from the late 
1968's, and we believe that its availability uill greatly ameliorate the 
problems of formulating and .teating cognitive theories. This in turn 
uill have a very beneficial effect on research into clinical decision- 
making. we are not claiming that there are no technological problems in 
our path: on the contrary, there are many. It is our opinion, houever, 
that this neu technology permits us to begin to explore neu forms of 
procedures which simulate aspects of clinical cognition. 

The advances and ideas to which we are referring are concerned uith 
neu techniques for programming computers and new techniques for 
representing knouledge and meanings in programs. In the old style ,of 
mak i ng *computer models’, things were very riaid. In the neu style, it 
is much easier to. include knowledge about hou contingencies and side 
conditions affec t 
the models are 
describe some of 
the problem of d 

not only the states of the models, but especially hou 
;o be applied in var,ioua si tuat ions. (Later ue ui II 
our ongoing research in applying some of these ideas to 
gitalia/digoxin administration.) 

In the new sty 
direct. Some k 

e, communication between programs is more flexible and 
nda of knowledge can be represented as procedures, able 

to intervene actively in the control of other programs when specified 
* pat terns’ arise in the other programs’ operations. 

Goal-Directed Proqramming Lanquagea 

Rather than being organized as a step-by-step sequence of act i one to 
be per formed, specified in advance by the programmer, programs in these 
programming languages are controlled by the activation of certain 
statements called goals. When a goal is activated, the system retrieves 
from a data baas of knowledge statements those that match the ‘pattern’ 
of the goal. (A pattern is a description of a state of affairs in a 
model, or an encoding of some fact about the uorld, etc. 1 These 
retrieved statements then serve as advice about what shouId.be done to 
achieve the goal! they may dictate that a certain program be run, that 
the goal be replaced by one or more subgoals, or that certain priorities 
be re-arranged., and then control be returned to an earlier, superior 
goa I system. 
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Understandina Natural Lanauaqe 

For tuenty years, the public has been titi I lated by promises that 
computers uould understand natural language and even translate from on 
l anguage to another. A justifiable skepticism has resulted from such 
promises. Al though progress in the theory of ‘syntax’, both .formal and 
informal uae steady, this progress did not lead to the anticipated 
improvement in the computer’s abi I ity to handle language. The trouble, 
of course, Is that syntax is not enough. A deeper understanding of the 
eemant ice of language was required. Only in the late 1968’s ui th the 
work of .such people as Winograd, Woods and currently Martin, were the 
earlier skirmiehes uith the problems of syntax and semant ice sharpened 
into serious attacks on the problems of the meaning of language. (See, 
for example, rl01.1 Thus although real problems remain to be solved, 
there is nou justifiable optimism that a natural and direct interface 
be tueen a ‘user and a know I edge-baaed system can be bu i I t. 

We want to underscore the importance of research on natural I anguage 
to the kind of uork ue are currently doing, and to the proposed work of 
the Computer Laboratory. Of course, there is the obvious advantage of 
having a natwral I anguags interface uith a program which contains 
clinical knowledge about some domain. Such an interface ui I I permit the 
direct involvment of various experts (some not actively involved with 
the research of the Laboratory) ui th the program. This involvment will 
prov i de invaluable feedback with respect to the l facts’ in the program 
and with respect to the theories upon which the program is based. 

A second benefit, perhaps, is leas obvious.‘ It has become clear that in 
large part the major impedi’ment to progress in natural language research 
has been In semantics rather than auntax. The recent progress has built 
on new and better schemes for representing meaninaa. Further, as this 
research progresses, these representational schemes will be further 
deve I oped and ref.i ned. 

Even a cursory study of the kinds of knouledge employed by experts in 
solving clinicel problems shows how much use is made of conceptual 
frameuorks which at present are receiving increashg attention in 
I anguage research. Such concepts as time, causality, change, etc. 
require deep analysis if machine representations of their meanings are 
to be found. The central role that such concepts play in medical 
knouledge means that progress by natural I angua.ge researchers ui I I 
almost certainly benefit our research directly. In fact much of our 
current thinking about representation of medical knowledge is strong I y 
influenced by our colleagues (e.g. Martin) uho are working on English. 
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Recoeni tion and Analusis of Conf I icting Goals 

In many problem-solving applications, the recognition of conf I icting 
goals is an important problem. Further, once these conflicts are 
recogn i zed, it is important to have some means for resolving them. In 
ear I ier prob.lem-solving programs, the recognition of goal conflict uas 
general ly difficult, because the goal structure of a program was 
Imp1 icit in the program itself. As we noted, the use of goal-directed 
programming languages lessens this problem considerably. 

The analysis of conflicting goals, al though still a qignificant 
problem, is also an area where improvements have been made. In .the 
past. conflict between goals was handled by very crude strategies: 
either the goals were assigned simple priorities, or a trial-and-error 
search procedure would be tried first on one goal and then on the other 
in the hope that both would be achieved in some attempt. 

Only recently have programs been developed which monitor their oun 
per f ormance suff ic-iently wel I to recognize and describe conflicts as 
they occur.Such monitoring is made possible in large part by the use of 
the goal oriented languages mentioned above to make the intention of a 
program more clear. (Sea, for example, (111). Once in the open, 
problems of conflict can be faced (perhaps by special purpose programs) 
instead of being hidden in the rather arbitrary control structures of 
conventional programming systems. 

Al though we cannot say with any certainty exactly what processes 
uou Id be needed for a computer simulation of the clinical cognitive 
process, it seems certain the performance monitoring and the analysis of 
conf I icting goals would play important roles. Therefore advances from 
computer science research in this area are undoubtedly important for our 
proposed research efforts. 

The Role of Computer Science llethodolooy 

Perhaps the most important contribution which computer SC i ence 
research can make to the activities of the proposed I aboratory is 
methodoloqical in nature. The major reason that cognitive psychology 
has made relatively little progress with respect to understanding 
behaviors as complex as that involved in clinical decision-making is 
because there was a serious shortage of ways to describe the more 
procedural aspects of that behavior. As has been argued in WI: 

“The community of idoar in rho area Q/ computer science 
makes ta real change in the range of available concepts. 
Before this, we had too feeble a family of concepts to 
rupport effective theories of intelligence, learning, and 
development. Neither the finite-state and stimulus-response 
catalogr of the Behovioritts, the hydraulic and economic 
rnalopier of the Freudians, or the holistic inrightr of the 
Certaltirtr supplied enciugh technical ingredienta to develop 
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such an intricate subject. It needs a,rubstrate of debugged 
theories and solutions to t-dared but simpler-p&&rns.. 
Computer &ence brought teith it. a flood of such idear, welL 
defined ond~etperimentalLy , implemented; for thinking aLout . 
thinking; only- a fraction of thorn- how distinguishable 
reprerentationr in~eaditiond psychology. 

It is this,- ricWe&~ of- idsas wb$:ch? UIB p&wwto:: Mo;iit~ i m thb. 
description an&,anaI-ysia.ofjc-t inical- cognition; From- this+ erf f or3 - ui I I 
come a new- t heoeprof the bekav i or of c I i n i cak eqer t s: andi neu concepts, 
for the realization, of this,behavior in a computer. 
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Introduction 

tn order .to provide a context for our discussion of the research plan 
for the Laboratory, we uant to re-iterate our goals, and to rel,ate these 
goals to our perceptions of the needs of the health care system. 

We propose that the major activity of the Laboratory will be 
the use of the computer and advanced computer science 
methodology in the study of clinical decision-making. From 
the activities of the Laboratory will come two major 
rerultr: 1) a deeper and betterarticulated theory of 
expert clinical cognition,, and 2) mechanisma for realizing 
the cdnceptr of the new theory in computer program8 for 
clinical decision-making. 

The reasoning underlying the organization of the Laboratory around 
these themes is as follows. We start from the premise that there is a 
need for distributable expertise concerning a number of clinical 
prob I ems. Our particular i’nterest is in the domain of serious medical 
problems, problems which are often potentially life-threatening. If ue 
can make progress in understanding the way in which serious and camp I ex 
problems should be dealt with by a clinician, and hence by a computer, 
we will be able to develop new technology of considerably improved 
flexibility and power which will be applicable across a broad range of 
medical decision-making applications. 1 t can be anticipated, for 
example, that these advances will have an impact on the abi I i ty of the 
practicing physician to deal with complex or serious medical problems. 
placing the consultant as near as the nearest console. Such expert i se 
should make far more effective the performance of allied health 
per sonne I , such as nurse practitioners and MEOEX personnel. In remote 
rural areas, for example, the availability of expert consul tation should 
make it possible for allied professionals to deal competently uith 
problems more serious than they otherwise could care for. In addition, 
the computer should be able to serve an important triage function, 
assisting the non-physician in his decisions concerning referral - in 
effect telling him when he should transfer the patient to a physician 
for care. 

At present, however, the techniques for providing computer-based 
consultation are limited in application and remain genera I I y 
incompatible with one another because no mechanisms for organizing and 
integrating them in a more general clinical context. 

It fr this lack of integratfw mechanfrmr which ir one of 
the principal impedimanrs to the realization of the full 
potential of the computer in health care deliwry. 
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Our goal is to undertake the research which will produce these 
integrative mechanisms, and to do this, we have turned to the study of 
the behavior of clinical expert 9, because these experts have 
demonstrated their abi I i ties to combine various approaches into a 
coherent strategy eui table. to a given situation. We should begin by 
understanding how they achieve their performance. Recent advances in 
computer science provide us with new building blocks from which ue can 
construct a better theory of clinical cogni-tion. Fhi-tr theory ui-I I be 
developed through extensive use of computers and computer programs as a 
med i urn for express inq the theory, Andy as tne means by -which the theory 
is tested. 

Below we uill outline a set of research projects uhich we believe have 
the proper orientation to yield major progress toward the understanding 
we are seeking. As our work progresses, of course, neu paths uill 
become apparent. and our abi I ity to define probLest more sharply wi I I 
increase. 

In what fol lows, we have listed the principal participants in each 
project. .Each group of principal participants contains computer 
scientists and clinicians, and the activities of the groups are fully 
col laborative. -Ln a. real sense, everyone ment-ioned in any project has 
an active interest in all the projects, but we thought it ‘might be of 
some interest to the readers of this proposal to know who. currently 
plays a major role in each project. 
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Principals 
Professor.G. Anthony Gorry 
Peter 8. Miller 
Dr. Stephen G. Pauker 
Or. William B. Schuartz 

‘Uill, ae Schwartz has suggested, the-computing science “largely replace 
the intellectual functions of the physicians?“. I think not. The 
subtle process of the patient-physician interaction and the input we 
receive from this interaction has not yet been reduced to preci se 
mathematical terms. Attempt aSwe uill to analyze this subtle process, 
it appears that {despite) our best efforts to penetrate fit], this 
mystery wil I elude us for some time,’ 
--------------------____________________-------------------------------- 

(Warren Glaser, Professor of l’ledicine, in a comment on a 
forthcoming article on computer-aided diagnosis) 

The sentiment expressed in.this quotation is shared by many physiciane. 
Those who have thought careful ly about the interaction between a patient 
and a physician realize the complexity of the behavior involved. When a 
physician is confronted uith a patient with one or more presenting 
problems, he enters into a mode of data acquisition and problem solving 
known as ‘taking the present i I Iness’. This activity is one in uhich 
virtual ly al I clinicians participate every day. When we try to’ 
understand this process in detail, houever, we find that it assumes a 
very complex and often subtle character. In fact, virtually al I the 
problems of clinical cognition arise in this context. The process is 
I ike a puzzle for which some of the pieces can be rather easily found 
and described, but for which others remain quite vague and apparently 
i I l-formed, uhi Is some appear to be missing entirely. The question of 
interest here is to uhat extent can we identify the pieces of that 
puzzle and put them together to form some coherent picture. 

On the other hand, if a machine is to understand the process of 
cl inical problem-solving, it must understand the taking of the present 
i I lness, because it is this process uhich provides much of the 
underpinning of the rest of the decision-making activities. Therefore, 
a deep understanding of the behavior of the clinician in this setting 
would provide a great deal of knowledge about hou to support clinical 
deck sion-making. Additionally, ue chose to begin uork on the present 
illness because it represents the initial point of contact betueen 
patient and doctor, and because of the richness it presents uith respect 
to cognitive processes and the integrative demands it places on the 
clinician. Fur t her, it has the advantage that issues of risk and 
benefit such as those UC addressed in our uork on decision analysis can 
be i gnored. Later, a8 our understanding increases, ue can move the 
boundaries our our work to include ?ha%e issues as uell. 
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Preliminary Work 

Our activities began uith the analysis of protocols, tape-recorded 
records of the verbalized problem-solving behaviors of clinicians. 
These protocols are augmented by in-depth questioning of the clinicians 
regarding their approach to specific clinical problems and by criticisms 
offered by these came cl inicians of preliminary computer real izations of 
our hypotheses concerning their cognitive processes. The purpose of all 
these efforts is to gain a dsuper understanding of the uay in uhich 
clinicians actual Iy deal with the complexities of the clinical 
environment. 

We have developed our hypotheses to the point uhere it has been 
possible ,to implement a rudimentary computer simulation of the process 
of taking a preeent il Iness. Though very detailed studies of the 
problem solving behavior of that program, ue have gained neu insights 
into the process. The use of the computer as the medium for the 
express i on of the-theory has aided enormously the advancement of that 
theory. This close man-machine explor-ation of the behavior of the 
simulation of the theory ui I I be a key aspect of our research ‘sty1 8:‘. 
Of tour se, th.is styl-e has the additional benefit that uhen a 
satisfactory theory has been developed, a program uhi ch takes an 
excel lent present i I lness for the given problem domain ui I I also be 
avai lable. 

A further aspect of our style has been our emphasis on a “complete” 
examination of the issues involved in taking a present illness for a 
single complaint (in this case, edema). By forcing ourselves to 
cons i der men “Rinor” differences between the behavior of the program 
and the behavior of the clinician as problems for investigation, we have 
considerably sharpened our understanding of the procese the doctor uses. 

Nou ue uant to present our first, rather rudimentary understanding of 
the problems and processes associated with the present illness. Then ue 
wi I I describe our first theory and the computer realization af that 
theory. Finally ue uill discuss our research plans for this project. 

Obaetvationa of ths Prssent Illness 

The physician, uhen taking the present illness. asks the age and the 
sex of the pat Lent, and elicits a chief complaint. The latter is the 
problem uhich caused the patient to seek medical attention, but it will 
often be closely folloued by mention of other problems the patient has. 
In fact, one interesting problem uhich is currently of concern to us is 
how a clinician links several presenting problems together. For 
simplicity of discussion, however, ue will assume that the patient 
presents uith a single chief complaint. 

The response of the physician to the chief complaint uill vary in 
detai Is, but the principal thrust of it uill invariably be at 
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elucidating and refining the description of the complaint ,as given by 
the patient. For example, if the patient’s chief complaint is ‘sue1 ling 
of the face’, the physician’s questions generally uill explore the 
duration of the suelling, its specific location (e.g. around the eyes) g 
the symmetry of the swelling (is it only on one side of the face?), etc. 

The characterization of the presenting complaint ie important because it 
is this characterization which along with the age and sex of the patient 
gives the clinician his initial frameuork or context uithin uhich to 
work. 

The rapid selection o/ a contezt is uitaf for the 
clinician. The clinician is about to hear a reasonably 
Zurge omount of information from the patient, and if he is 
to be able to organize that information and to deaf with it 
effectively, he must have a framework into tehich it can be 
fitted. Because of the breudth and diuersity of Medical 
problems and the scope of knowledge concerning these 
problems, a failure to focus ottention and to narrow 
drastically the domain under consideration will prewnt the 
clinician from understanding what he will be told. 

Note that this is the reason physicians require the age and sex of the 
patient at the outset of the history: because these facts, in 
conjunction with the chief complaint provide a great deal of focus for 
uha t fol lows. Consider the difference in your reaction to the chief 
complaint of ’ severe, progressive weakness’ in the case of an 86 year 
old man, and that of a 13 year old girl. 

Therefore the initial goal of the physician in taking the present 
i I lness is to get an adeauate description of the chief complaint of the 
patient. What constitutes an adequate description, houever , is 
determined by another fundamental goal, namely that of gaining a 
frameuork within uhich to understand the information which uill be 
forthcoming from the patient. 

In some cases, fragments of this ‘investigation will appear to be a rote 
recitation of a standard sequence of questions (e.g. in the case of 
abdominal pain, ‘Is the pain made uorse by lying doun?*, ‘Is it made 
worse by eating?‘, ‘IS it made better by eating?*, etc.). Other 
fragments will be strongly influenced by the responses of the patient; 
For examp 1 e, if the suelling of the face is periorbital and symmetric, 
the physician might want to knou whether it appears in the morning .and 
di sappears during the day. If the ansuer is yes, then,he might uel I 
transfer his attention to an investigation of possible pedal edema. On 
the other hand, if the suelling is in one cheek and is painful, the 
investigation might switch to questions of recent dental work on the 
patient. 

Clearly, then, the path of the invastigation of the chief complaint 
taken by the physician is in part a function of the responses given by 
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the pat 
function 

ient to the former’s questions. This path is equally uell a 
of the clinical knouledge of the physician. Owly a doctor uho 

recogni zes the per i orbi tal edema described above as very likely the 
result of renal disease (specifically acute glomerulonephritis or less 
of ten, nephrot ic syndrome) uould follow the path suggested. *SO 
underlying the observable behavior of the physician is a knouledge base, 
the use of which is only implicit in the process of investigation. 

That the investigation of the chief complaint follows a path determined 
by both the medical land other) knob&ledge of the clinician and the 
responses and descriptions given by the patient is apparent to anyone 
uho has I ooked at the present i I lness in even the most cursory manner. 
Thus i t i s non-controversi a I that these tuo factors are pieces of our 
puzzle. What remains unclear is hou these pieces interlock in any given 
si tuat ion. 

The exploration of the chief complaint generally results in a much 
sharper character’izat i on of it than originally offered by the patient, 
a I though usually only certain additional features of the complaint have 
been elicited, i-e., the exploration of the complaint has been stopped 
short of exhausting all the properties which this problem might 
concei vab I y have. This of course raises the possibility that some 
aspect of the patient’s problem has been overlooked, and the need for 
further investigation may arise in later in the session, 

The characterization of the chief’ comp1ain.t as elaborated by this 
process can prompt a number of different behaviors on the part of the 
physician. 1n certain cases, the description of the complaint suggests 
l ittle to him, and so he may simply encourage the patient to volunteer 
more informat ion (‘Have you had any other difficulties lately?‘) or he 
may begin a ‘revieu of systems’ type of investigation of the system 
involved in the patient’s problem. 

If the latter approach is used, houever, it uil I seldom pers.ist as the 
basic modus oDerandi, because it is too passive for use in taking the 
present i I Inesr, and 4 t is used here only as a temper iring measure. As 
soon as it yields some addl tional information, the physician ui I I assume 
a mere aggressi.ve stance uith respect to information gathering. 

The purpose of this excursion into the revieu of systems is the same as 
that underlying the original attempt to refine the characterization of 
the chief complaint. namely to get just enough information to glean a 
good suggestion of a context for further discussion of the patient’s 
prob I ems. 

The initial context chosen uill of course be further refined as the 
present i I lness is taken. It may be an organ system (in the sense that 
the chief complaint is strongly suggestive of a problemuith that organ 
sys tern) : it may be much more specific in that the chief complaint might 
suggest a specific disease. (Of course, there may be more than one 
di sease or organ system suggested. 1 In any event, the extent to which 
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the cl inician pursues the characterization .of the chief complaint 
depends on the search for an appropriate context and the potential 
avai labi I i ty of contexts which are quite specific. For example, the 
facial edema described by the patient above uould be pursued to 
establish Its epecific location and temporal pattern because of the 
specificity of the renal disease context uhfch would result If the 
appropriate characterization could be achieved. 

At i te most macroscopic level, the taking of the present illness can be 
described as the clinician moving from context to context with 
occasional returns to previously-invoked contexts. At each cqntext, the 
activities of the present illness can be thought of as being under the 
control 0 f that context. By this ue mean that the questioning of the 
patient i e directed at either the confirmation of details associated 
with the context (such as asking -about pedal edema because it is 
general ly found uhen periorbital edema is present) or at the selection 
of a more ‘epeci f ic’ context (as uhen the cl inici.an asks a patient with 
oxer t i ona I dyepnea uhether he has paroxysmal nocturnal dyspnea in order 
to choose between the contexts of lung disease or heart disease). 

Prment Illness or Oiwnosis? 

Before we continue our discussion, us uant to comment on the role which 
diaunoeie plays in the present i I Iness. Clearly, the present i Ilneee Is 
‘driven’ by the desire to establish an understanding of the patient’s 
problems and their interrelations with one another: hence the clinician 
is seek i ng a diagnosis which is suitable as a basis for management 
decisions. There is a very real sense, houever, in which the present 
illness is more than diagnbstic process as the latter is conventionally 
cons trued. 

Normally we think of a diaqnosis as an inference about the state of the 
patient uhich is based on his ei gns and symptoms, and we cal I the 
activities associated with the collection of information (identification 
of eigne and symptoms) the diaqnostic process. We have noted that the 
taking of the present Illness is also an information gathering activity, 
but it is directed as much touard the problem of ascertaining uhat the 
facts are as it is touard the problem of uhat the facts mean. -- ---- 

Although we admit that there is a level at which one can vieu the 
present illness as part of the diagnostic process and the process of 
diagnosis as an integral part of the taking of the present illness. we 
feel that the d.ietinction we have made has some merit. It helps expand 
our view of the problems of clinical cognition. 

For example, uhen we think only of ‘the diagnostic process’ us tend to 
think of such questions as ‘What inferences can you draw concerning a 28 
year old man with dyspnea and orthopnea who had an attack of acute 
rheumatic fever uhen he uas 15, and.. . etc. l We tend to vieu the 
problem as understanding the meaning of a constellation of findings as 
aiven. We assume that the patient indeed does have dyspnea and 



Page 24 

orthopnea and that the attack of rheumatic fever actually took place. 
In taking the present illness, houever, the clinician often is not given 
these facts, but must ‘dig them out’, and even then he may be left uith 
eigni f icant doubts concerning the facts themselves. It. is this 
addi tionai aspect of establishing and characterizing the facts and 
assessing t.heir reliability which ue are emphasizing in our rather 
arbitrary distinction between the process of diagnosis and that of 
taking the present i I iqness. 

Now that we have made the point that:the tuo activities of establiJhing 
the facts and interpretinq the facts are central to clinical cognition, 
ue will now explore some of the ways in which these two -activities 
interact, and us ui ii drop our ,distinction between taking the present 
illness and working touard a diagnosis. 

Pr~requieit~8 fur Clinical Coqnition 

Al though many of the detai Is of the processes employed by the clinician 
in taking a present illness or in proceeding. to a further diagnosis are 
eti I I obscure. i t is possible to identify some major aspects of the 
genera I cogni t i ve process. We can do this by analyzing the task 
environment of clinical medicine. A physician uho is well adapted to 
that environment uiil necessarily possess cognitive processes for 
deal ing uith each o,f the major demands placed upon him by the 
environment. Although we may not be able at present to give much detai I 
concerning these processes; we wi I I have made a f i ret step by 
recognizing the necessity of their existence. (In the foliouing 
discussion, 13~’ make use of some terms borrowed from llirreky tl3l.I 

1) Expec.tati,on and Focueinq 

The first problem that a clinician faces when he is dealing with a 
patient is that both the number of disease states and the number of 
possible findings which may have some relevance are extremely large. 
This means that the clinician faces a search through a potential ly 
bewildering maze of possibilities. Because his cognitive capacities are 
limited (especially with respect to the number of ‘simul taneoue’ paths 
he can explore)-, he must use the facts as presented tu .draetical ly 
reduce the number of possibilities uhich he uiil consider in any detail. 

As ue noted in our brief discussion of the present illness; this rapid 
focusing serves the principal purpose of providing the clinician with a 
context for his further problem solving activities. In our studies of 
expert clinical decision-making, we have been struck by the rapidity 
uith uhich experts achieve such a framework. When they are presented 
ui th only a feu. (two or three) facts, experts almost aiuays have one or 
two uorking hypotheses. 1 t may very uel I be that the hypothesis first 
chosen will later be discarded. Our point is not that this first choice 
is an accurate or optimal one. It is a good working hypothesis, 
houever , in that it brings important structure to the problem. 
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Because the stimuli for this focusing ar.e the presenting signs and 
symptoms of the patient, it is reasonable to infer”that the expert 
remembers patterns of findings which ‘point to’ good working hypotheses 
or contexts for those findings. Our current speculation is that these 
pat terns contain relatively Ii ttle detai I, and they serve only as a 
first rough .cut at the problem of classifying the patient. This 
speculation is based primarily on the experts’ descriptions of the 
pat terns they are using and on the rapidity ui th which this focusing 
takes p I ace. 

When a context has been selected, the clinician appears to match the 
findings of the patient against a more detailed description of the 
prototypical pattern of findings associated with the context. For 
example, ‘shortness of breath in a 58 year old man* immediately suggests 
the contexts ‘heart disease’ and ‘lung d1eease*. (Notice in fact h> 
focused these contexts are relative to the total number of disease 
states uhich could be presented by the patient.) Most clinicians would 
proceed immediately to the characterization’ of the shortness of breath 
in order to focus on either heart disease or lung disease. 

This attempt to match the presenting findings or the chief complaint to 
a more detailed pattern for a context is typical of the activities uhich 
underlie much of the present illness. For example, consider the 
presenting problem of periorbitai edema. It immediately suggests (among 
a few other things) acute post-streptococdai giomerulonephritie. A 
renal expert would very likely move directly to a series of very 
detailed questions concerning the temporal pattern of the edema. The 
context of AGN has already been ‘suggested* : the detai led examination 
of the characteristics of the edema uiii determine whether this context 
wi I I govern the succeeding questions of the clinician. 

21 Elaboration 

Once a context has been chosen, the clinician faces the problem of 
confirming his choice. This confirmation requires tuo steps: first, he 
must convince himself that the rest of the signs and symptoms presented 
by the patient conform to his understanding of the disease state or the 
physiological state represented by the context, and second, he must 
assure himself that these findings are not better associated with one 
another in some other context. 

One of the fundamental principles uhich we have observed in out 
studies is that experts use the principle of parsimony. ,The expectation 
that all the patient’s findings are related to the same problem is 
strong in the cl inician’e mind. He yields this idea only grudgingly. 
In our discussion below, we ui II see exampiee of the major role this 
idea plays. 

The process of elaboration is vary complex, involving eevera I 
distinct, but interacting activities. 


