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SUMMARY

I A computer-assisted simulation of the "chart method” of teaching has been developed and was

used to provide instruction in clinical decision-making.in the diagnosis and treatment of pulmo-

nary diseascs, The course requires a student to reach and to defend a diagnosis and to provide ap-

' propriate treatment for each of 10 simulated cases, Evaluation of performance and immediate feed-

- t back and correction of €rrors of commission and omission are an integral part of the course. The
‘ course provides a modcl for development of additional programs in other sq,b]cct arcas.
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oduction - - To further their education and hopefully, to :
Con "guing cducation of all physicians is a ma- sharpen their diagnostic acumeny many physi- i
jor goal of the medical profession. As a physi- cians attend continuing educatioft courses. The |
cian becomes more and more involved in the basic format of these courses is idactic ind is
practice of medicine, hie or she has little time [orf' not tailored to the specific needy of the individ- % .
. study. After completing his training, .the phystg:gg ual doctor. They frequent]y fui to instruct gum \
clan no longer practices in a supervised envirdh- ‘¢ in correct clinical decision-mj king. They re- e
ment. His judgments are then rarely chal- . quire time, and time is a precigus commo,dny to , vy g-
lenged and his errors often go undetected. The the practicing physician. Gerts inly, most physx« S
cffectiveness of his pc.*r[ormancc is therefore dif-  cians want to improve their k owledge, but itis v'
ficult to ascertain. . difficult to stereotype this rdquirement iuto a -

(Received in original form September 9, 1974 and in specific weekly or momhly “'Cw period. The lev-;
revised-/orm‘Nouember 18, 1974) el of instruction in each coy s¢ is variable,” 'md, il
_ a physician might be confropted, on one hand,; -

with a_course that is “above hif head,”'or on the , | .
' other, with one of cou?“]‘i‘q 1lreatly wcll..mtu}n
his knowledge. A

_+ . 1From the State University of New York Down:
state Medical Center, 450 Clarkson Ave., Brooklyn
and the Graduate School of the City University of

New York. : K
2 Supported in part by a grant from the American Computer-assisted instruction (LAI) was ln-vv .
Lung Association. lroduccd into the tcacluug o[ pulmounry dls
- 3 The language used is IBM's Coursewriter 111 and ~ cases Lo overcome these probICms of cdmcnuon
is a time sharing system. Any termipal compatible  al continuing medical cducation wurses "This
with a coursewriter system can be used (C.g., ASCII  method attempts to instruct the physxcmn stu- .
e or EBCDIC) Terminals typically range from $50 o dent in clinical decision-making through sim-

$200 per month for reutal and from $1500 0 ,j50ed “cliart teaching.” The student can use

 en - : ‘ '
A~ /85,000 for purchasc. In addition to terminal costs, o jngryctional material at his convenience, .
other expenses are for computer time, approximate- ) . . .
m ly $5 to $10 per conncct-hour and for teleplione for 1 hour, or 10 hours, depending oir his desire.
' W charges from terminal to computer. Detailed infor- Matcr.ml well known to the student can be han-
mation can be obtained from Charles M. Plotz, M.D., dled in short order, whereas other, more difh-
Downstate Medical Center, Box 51, 450 Clarkson  €ult items require more time. :Furl‘llermorc. hiy -
q Ave,, Brooklyn, N.Y. 11203, - answers are evaluated. imrediately, and cor.
8 AMERICAN REVIEW OF RESPIRATORY DISEASE, VOLUME 111, 1975 " . 299 \ N
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-rection of -errors ofg commission and omission

}ar'e‘anAin'tcgral parto the course.

t
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Materials lnd Mo!hods

Course design. The course content was provxdcd by
2 physicians. expert in pulmonary diseases who did
not require instruction in computer use or tech-

nology. The course content- was cvaluated, when
necessary, by other pulmonary physicians, An educa-

tional psychologist helped design the pedagogic ap-
proach as well as'systems for evaluation. A program-

mer provided the necessary infonnation‘?bntci'nh‘)gv

the technical aspects of preparing the cases in a for-
mat that was adaptable to programming in Coursc~
writer IIL .

The course consists of 10 slmulatcd ‘patients” With

. pulmonary discase. The programming model was the

same for cach paucnt thus pcrmxmng dcvclopmcm
of-a model suuzblc for preparing additional conucs
in other subject 'areas. The "patients” with pulmo.
nary disease were presented to simulate *"chart teach-
ing,” :

Chart leachmg The chart method of tcacl,zin in
medicine is an instructional technique whertin|the
student receives immediate feedback concerning his
performance. This method ullows a single instrugtor
to teach small groups of students ag the bedgide.
The Instructor asks the student to make a dlagnosis
and then clicits a defense of that diagnosis. The stu.

%
ifv‘ dent §s also expected to institute proper manage-

hmcnt. “The instructor questions the student*® a

" |him from developing poor diagnostic habits. H

0
*
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thc bases of his dccisions and tries to clarify any| |
“sucs in doubt. '
¢ Chart teaching, in an deal sense, requires the &tu-
{ﬂcnl to'make and defend diagnoses, and to suggest
tnanagement for patients who lhiave a wide variety] of
{\ghscascs. “The student must be supervised and st

eceive immiediate correction of his errors to prevént
is
srovided with an_evaluation of his performance at
he end of cacly session so that he can remedy his de-
cicncics. This- method of instruction can continue
ntil the s\ud erit has reached o-dosiredlevel of pto-
cicncy chnrt method is amenable to simulation
by compfuter, because it Is a comparatively wellstriic-
turcd method of instruction. It has™a fixed formit,
and the organization of the, dialogue can be specified
through a small number of exercisc types, with sin-
ple branching logic.

Results ’ .
-Course ‘description. ‘The purpose of the anm-
puter-assisted instruction course in pulmonjry
discases is to improve the clinical acumen of the
student, not to teach basic content. An imlzor-
tant preréquisitc to the cours¢ is that the ftu-
dcnt have a background knowledge. of pulmo-
‘nary disease. 1t is highly recommended that,
when rniecessary, the student acquire this kllbwl-
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Adf{cr registering for the con(rsé: the student
reads the first case history provided in a note-
book available at” the computer terminal. Each
casc history comsists of present illness, past and
family history, plysical examination, and Iab-
oratory findings. Once he has studied the case
history, the student is ready to interact with the
comptiter. First, he must select the correct diag:
nosis, which he @n choogc from?a list of 59 pos-
siple diagnoses in {"the notebook: On selection of

the correct diagnosis, the studept must defend ...

his choice. The entire case history is divided nto
multiple reasons for-diagnosis, which are conse-
cutively numbered. In selecting reasons, the stu-
dent need only enter a 1- op 2-digit yymber. The
computer responds to cach sclcctigxby provid-
ing teaching information that reinforces an ap-
propriiate  selection, - and rebuts an inap:
propriate one. The student must list at least 75
per cent of the appropriate reasons that support
his diagnosis. After these are given, the student
may proceed to the management section,

. The student selects .the appropriate manage-
ment from 4 list of 57 such components provided

_in the notcbook. The management section is se”

quential, and the student is confronted with

.changing problems. An appropriate . .manage.’

ment at one stage in the course, of -the illness
)
may become inappropriaté ata nother stage.

The list of possible diagnoses is shown in fig-
ure 1. An example of student-computer interac-
tion 'in diagnosis and defenise of Jiagnosis is
shown in figurc 2A; figure 2B is an example of
student-computer interaction in management of
the patient studied.

T'his course consists of 10 casc Instoncs that

represent 10 commonly encountered pulmonary
discases. '

Scoring. Each reason gncn in defeuse of the
diagnosis is scored in one of thic following ways:
(1) »appropriate, (2) useful, but not essential
to differential diagnosis, (3) inappropriate. Aft-

er. successful defense of the diagnosis and also

after completion of the management section,
the computer types out a summary cvaluation
of the student’s tfioices. :

A major incentive for using this computer-
assisted instruction course was its time-saving
aspect. Because time is valuable to the practic
ing physician; the writers used timé as a motiva-
tor. A student knowledgeable in the pulmonary
field who applicd his knowledge could complete
onc cast history in ‘approximately 15 minutes;

3 .

¢
cdgc from various textbooks or primers in pul _

® monary disease (1—4), .
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1. Conganitsl abnormalities.

1. Lung Infactions :
2, Virs! pnsumonis’ !

. . Bactérisi pnsumnonis:
3 —Dlplococcnl!pnjumqnln
4 ~Staphylococcal pnsumonis
6, —Klltgulnlln ‘pnaumonis
6 —Hamophiius pnauymonie
7

: Mvcopllsmi pnnu'monln
8. Rickattsisl pnaumonis

Fungs! pnéumonis:

X 9. —Hlstoplumotlcphnumonli
. 10. ~—Coccldiomycoticipnaumonia
bt B 11.A

—8 Igsgomvcotlc pnaumonla

Mvcot;lctnrlouiz !
12. —typical '
kS 13. © —stypicsl

J} Lung abscass [
- 15, Bronchlidgtasis

s P nuhoc’&hlous
16. icasls”

17. Asbastosis .
1v8' Barylllosis ‘ _ R

19. —~Drug induced. .
20. ~Associated with colisgan Xjssases “
21.  —Idiopathic .

Ve 3 ”

Vi. Chronic Obstruct)
23, ,8ronchisl asthmy"
24, | Chronlc asthmat bronchltlu
. j*Chronic bronchitis
Cantrilobuisr amphysaixs
Panlobular smphyssms

Puimonary Disease

vil] Puimonsry Circulatory DI
Pulmonriary ambolism

. Haroin pulmonary adsma
Primary pulmonary hypartansi}yn

. 1. List of possiblc diagnoses.

indorrect diagnosis, inappropriate defensce of the
K cofrect diagnosis, or inappropriate management.
atu collection and evaluation. Evaluation of
th¢ CAI course as i tool for medical”education
hay been a primary. interest of the team. An
evaluation design was sought to provide not
*only information concerning the individual stu-
dent, but also to allow an objective appraisal
of CAI as a tool for improving clinical decision-
making among practicing physiciaus.
The evaluitors played a major role in.the

ERIC a
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Respiratory Disease
DIAGNOSES . "« |

IV. Diffuse Intarstitlal Flbroses: - .

22, Sercoldosls - . . ' .

- * BB,

r-
", hoever, if he made many errors. W nright take
. as[long as. 2 hours, particularly if he 1 an

“sons sclected and their frcquéncy, list of forms

b

Nnop?lsms ‘of Lung " .
8anign:« .
—~Adanoma '

‘v,

_ Malignant:
onchaoganic,carcinoms P
" —Adwngtarcinoms :
~Alvaolar csll carcinoms -
—~Lymphoms i .
—Matastatic carcinoma from outsida jung

Idiopathic pnaumothorax 4

Foralgn body obstruction

Misceilanaous

Rasctlon to organic dusts
Raaction to fumas and gases
Radiation pnaumonia
Lipoid pnaumonls

Nacrotizing sngiitls:

‘43.  —Polyartaritis nodosa
44, ~Weganar's granulomatosis

’

45, —~Goodpastura’s syndroms

46. Histlocytosis X

47. Pulmonsry slveolsr protainosis

48. Puimonary alysoler microlithissls

49. Idlopathic pulmonary hamosidarosis

50. Acqulred cystic lung disesses

51. Kyphoscollotic lung disease .

52. . Hydlina mambrana disesse In Infant — Acuts
raspiratory distrass syndroma in Infaht O

£3. Shock lung (raspirator Tuhg) - Asuts e
raspirat distrass |yndrom'i.ln infant { re

64. Primary slveolsr hypovantilation

Unilatersl hypesriucant lung

w(Swyasr-Jamas.or McLoed syndromas)

Primary plaursi (; 0888
66. —~Masothallo

Primary m
67. ~ldiopathic madiastina! flbrouls
58. —~Madisstinal smphysama
69, Cystic flbrosis -
L]

course preparation. Their major corftributions
were in the following areas: design of the course,
design of data collection format, design of
printouts, construction of instruments.for teach-
ing, design of .lpproprmtc measures of nclucvc-
ment, and interpretation of results, =

The scoring procedure is supplemented by a
system for retrieval of.data. Data that can be
collected include: list of diagnoses scleeted, rea-

of- management used as well as thclr order of se-
lection, number of times inappropriate manage-
ment selected, and time taken to_toinplete the

G - v
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Diagnosis and Tieatmant
of Raspiratory Qisuss

Casa 1 o
T

CAl;

cass hl’tol‘v which support this disgnosls. !

At th. [ ]

- Entnr to cbntlnun

" CAl; Hlvi you read case hlnorv 1P. 1017
- . Answar:yasor no.

Yos
CAl:

+CAl: What Is your working disgnosls?

- 24

cal: 24 _
This is tha diagnosis you hava givan,
1s.It tha ona you wish to defend?
(-Amwnr yas or no.

Yn

[ Incorrlct

What s yougyo king disgnosis?
e
23 !

This Is the dlagnosis you hnvc givan,
Is It ths ons you wish to dafand?
Answar yassor no. '
Yas

CAl:
cAl:

CAl:

S:

‘CAl;
S:
CAIl:

List a reason for your disgnosls or typl “End."
1|Age17]* _
Appropriats, .

of sach saction your performancs wil{ bs cvnluntcd

Turn to pags 6 which cpntains a list of possibia diagnosas.

_CROCCO, ROONEY, DIAMOND, PLOTZ, AND WEINER

Aftar rndlng ssch cass history you will ba asksd to choose a diagnosls nnd selact thoss fasturas In tha

*

v

Mo-t patiants with bronchial asthma ara (sss than 35 ysars old.

CA{:
S:
CAl:

Ll-t s raason for your dllgnoil- or typs "End,"”
2 (wWhita] *
{happroprists,

1

s

Thars I- not sn incraased predilaction for bronchlasl asthma in cnucnlnm

List a rasson fob your diagnosis or type “End.’’
4 (Whaazing,
Appropriats,

‘CAl

CAI.

- )

*tight chast’* and dyspnaa of 2 f\ouu duration.] *

Thase ars :[gm of bronchospasm which Is cautad by hyparssnsitivity of the sirways.

'y

*This nlumnnt is In notabook, but not part of machins rasponss,

Fig. 2A. Samplc student-computer interaction. defense of diaguosis.

4 .

case history, A sample computer printout of the
e objccuve data related to the defense of the diag-
nosis is given in figure 3. &
\The.éourse s at present being used.to supple-
ment iily, bedside teaching in the pulmonary
discasc clective offered 1o fourth-year students at
the Downstate Medical Center. Approximately
50 students per year (one quirter of the senior
class) are registered in the elective, and they are
requested . to take this course. Student reaction
to the program is variable. Most believe that it is
a distinct help to them in reinforcing principles
expounded at the bedside. ‘They find the com-
puter simple to operate, and the telet  ewriter

S

Aruitoxt provided by Eic:

printout is as fast or faster than they can read.
Furthermore, they bélieve that the printout <
be taken home and sﬂvl for future reference.
The major uscfulncss of this (olgputer pro-
gram td the writers “has been as a teaghing tool
that rejnforces bcdmlo instrnction. Few  text-
books present case histories and extract from
them a'diagnosis, a defense of diagnosis, and a
regimen of management. ‘The ﬂnmuuon is 1n~
dmdu.tluul so ‘that the student receives an 1m-
mediatd response to whatever selections he has
chosen. =
T'he present report deals with the develop
ment of a CAI progran in respiratory (lisease.
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- CAl:

COMPUTER ASSISTED INSTRUCTION COURSE s

CAl:

i

i tw :
Turn to pagss 7=9 which contain the.lisT of managsmants, -

Typa “End’* whan you fasl you have givan all the sapproprists managsmants,

CAl:
“

CAL:
S:

Enter to continue,

which can bas dissoivad in saline,] *

CAIl: Approprists,

Usa of » fraon ssrosolizad Isuprsl nebulizer Is indicated,
Tha pulmonary function tasts hava damonstratad ths affactivanass of Isupral in rnlllvlng}hn air trapping,

CAl:
S:

CAl:

2 {Raspirator — prassuras cyclad,] *

Inspproprists,

CAl:
: 6 [Nasal Oy — 4 fiters per minuta,] *

CAl: Appropriats,

‘Hypoxamla Is very commonly prasant during asthmatic sttacks and corraction Is Important,

How would you manags ths pntilni In your office? .
1 [Nabulizstion, Procass of administering fins particlas of salins or alternataly madicins;e.g,

This form of managamant Is not Indiceted at thll'polm in this patisnt's disease,

How would you manags ths patisnt In your offica?

0o . A

isuptai,

7

How wouid you manags tha pstlant in your offica?

.
“

Y
¥,
; 3
Wk

Pl
;; e

%
S

CA 8§ How would you msanags tha patiant In vour' office?

5: End

_ You hava given tha foliowing rasponsas,
7 spproprista managamant(s).
2 Inspprépriats managsmant(s),

CAl:

You hava glven sufficlant mnnnglmnntl"thn sra approprista at this tima,

. kY
This dissass Is bronchis! ssthmas, It s an Inharited disease charactarized by hyparrsactivity of ths

s)

i.
£

bronchial musculatura to a varisty of stimuli which rasuit in sbnormal incrasses i sirway rasistancs to
otharwiss normal isvals of stinfulation, Tha rasponsibia stimulants includs sllergsns, cold, irritants ahd

infaction, ss wall as smotional stimulation madlated through tha vagus narva,
can ralss or lowar thair airway rasistenca In rasponsa to suggastion,

About 50’§ of uthml'{lcl‘.

' L &

* Tha dissass is vary wilissprasd, but in all problb'IIItV most asthmatics do not becoma cllnléilly ovd'f:}’;
*Those with clinical lymptomnologv‘uwnlly’ havs tha disesss sppasr m chlildhood or In early sdult Iifp,

Only 8 distinct minority of patisnts ti'tvn {ntractabls racurrant asthmatic episodas, Thisgroup, upnclxllv
In aarly adult I1fa, have.multipla pracipitating causas for thair attacks and amotional reactivity plays
major part In thair disessa whils sliargsns do not,

Tha trastmant of bronchis} asthms Is
. tha 10-cailed ‘‘axpert.”

'T.i statamant Is In notebook, but not part of machina rasponss.

21, Sample student-computer interaction, management,

As soon as all preliminary data arecollected on
the progriun's content, a pre-test/post-test eval-
uation will be used for comparison purposes
and for follow-up. These studies are now “being
planned. All established computer programs
the Downstate Medical Genter have as basic re
quirements prestest and post-test evaluations,

Discussion

> Pulmonary discases are commonly encountered -

in the practice of medicine. ‘They involve a ma.
jor <lass of patienty who mct*ivt';gavqmmenml
disability pensions, They result in frequent em-
ployce absenteeism,

Most training programs for interns and resi-
dents emphasize the diagnosis and treatment of
hospitalized, patients. ‘T'raining in management

.

‘p‘(’(rlmllv difficult, and taxas ths Imagination snd Inganuity of ‘k\un

‘
3

of the ambulatory patient is often deficient, be-

cuse the house ofhicer does not continue to fol-

low his patient on the outside. When these physi-

cians enter practice, they have had very litle

instruction in the outpatient management of
discase. “Their dinical dedston-making is often)
on a “learn as you go basis, Furthermore, pist- 1
graduate training programs and continuing edu.

Gition programs are basically designed to pro-

vide factual information.

The present course assumes the availability
of other sources for basit knowledge of pulmo’
nary, disease. ‘The chart method of teaching, a
traditional method for reinfordng clinical com-
petenee, has been simulated in an attempt to
improve the student’s application of informa.
tion to patient care. ‘The evaluation program .

6 . S
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Fig. 3. Suinplc computer printont of the objective data related to the defense of the diagnosis.
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makes it possible to'pr'm'idl? fecdback informa-
tion concerning the student’s perforniance, both
as an absolute and in relatiou to comparison
groups. Arcas of strength and weakness can be
" indicated.

The programming format used for this course
has provided an implemented and easily ex:
portable, computerassisted instructional system
for the development of further cowrses. The
adaptability of this format .to "other subject
areas hiay been demoustiated by the prepara-
tion of two new courwes. it rheumatic discases
and gyneeologic oncology. .-

The lack of any objeggive system for measur-
ing the ability of this course to result in im-
proved delivery of (J'ub is a weakness of the pres:
ent project. Patenitially, the course evaluation
system itself- tould be applicd to assess the clini:
cal competence of the physician-student. One of
our present goals is the design of technigues to
make this possible. o ’

Extemsive use of CAL as discussed in the pres-
ent paper should prgvide an implemented and
casily cxport:lhlgl system for the development of
many courses iy clinical  decision-making in
medicine, and a sysiem {or the evaluation of the

- effects of this type of comimuing medical educa-

tiou on a physician’y performance in his prac-
tice,
means of simulating the dase study technique
has a great potential 10 accomplish this in a
mast cffective and economic way. Its use may
result in qualitative -improsements in - instrue-
tion, more efficient use of instructional staff, and
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major saviugs in instructional time. Its potential

widespread availability woukl provide a cost-

cifective way to reach and train a larger number

of doctors in clinical decision-making -than is

possible with existing wchmqncs.

The ultimate’ question is whether the learn-
ing benefits of CAl are supunor to those of other.
methods, At present, there is no definitive an-
swer to this question; however, our cxpcncncc
with programs in rhcumatic diseases and in gyn-
ccologic oncology reveal that, at the very least,
there is as much cognitive learning by means of
a GAl program as by other more traditional mo-
dalities. ‘The writers believe that CAl progf’mn&
are a more cfhdient means of learning for stu
- dents of médicditie, but only with the passage of.’

time and furthier evaluation will comparison
studies be able to document this belief. This re-
port represents a first step in imroducing a new
modality (CAI) into the teaching of pulmonnry
medicine.

o
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