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.Department of Pathology of the College of Medicine have designed
and i-mplemented a. set, of computer programs and data files

-enti«Ted CAPS (A Computer—-Assisted Patient Simulation) ° whigh-

{provides & simulated experlence with' patiep«~diagnosis problems
.to’ medical studepts. Thesg computer based simulations of‘w%he

physician-patient . encounter are a learning ‘exercise deSIgned to:’

(1) provide opportunities for maklng diagnoses and decisions 15 (2)
develop problem -solving skillsjy’ (ﬁ)-expand knowledgé of spec1flc
dissase entities and the hospital resources useful and necessary
‘ir’ differeptiating betwegn these entities; ahd. (u) teagh cost-
effective utiliza*ion of a pathclogy laboratory. The C s systenm
"offers the , useéer, wsuafly a meﬁ&cal student, the opporturlty to
apply acquired knowledge and pr§c+1ce learned technlques to solve
ious .-.simulated, yet authentlc, . problems in dlfferentlal

dia rosis. (The term student as it appears «hroughout-‘this paper
also refers to an intern qr, a practicing" phys1c1an concerned u1§h
'con+1nu1ng hls/hen educatlon.)\
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on and utlilzatloq in education as a strategy
for teachinyg, e11c1mang,5 and évaluating highdr-level| prcblep-
solving skills while- prov&dlnﬁ realism, richness, and c mplexity.,

simulation i%s " a technique which has' recently gaired
n

Members of thef‘ﬁhiversity'of‘aowa Computer\Center‘end %he .

+

kG

This technique has beefi described by Bobuld and Page“’(1) as’

“placing an 1nd1v1dual in a realistic Settlng whe;e he is
"confrorted by a’'problematic - ‘situaticrn tha+ requires a ¢equence of
1nqu1r1es,_dec1slonsy and -actions. EdcH  © thest act1v1t1e=
triggers appropr iate feedbadk ®hich may modify the situation d4nd
be used-for subsequent dec1s;ous about what to do nex? “Rhe
examinee's nex+',actlon in turn may. further, modify the prcblem.
Thus, a problem V'evol¥es through mamy stages until = is
terminated when the 1nﬂlvldual reaches an racceptable solutlon oT
‘is ‘faced by the, unacCeptable .Jonsequences biought dbout by his
o¥n. choices and actﬂons " . , S TR (

. / . .-
« " Bécause -of: (1) thA}need to providé students with practice
in sequéntial information féatheilmg, dlagnosls, "'and - decision

making and (2) the limitations inwolved in using actual medical .

- patients (e.g., student time involved, avatlability of patients
with specific diseases. at :the appropriate time, welfare of
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patients, Staff time, 'etc.). 51ﬁulatldns appear to be a'-proﬁisi g
technique for ‘the preséntatlon of patient-management problems, '
-/, HMcGuire :and associates to thé University of Illrﬁoisf Center.
Educatlon Development at Chlcayo as ﬁeferenced by/Eobula ahd
- (¥) .have developed a model for the design 'of "pape& and-pencil®
L s~mulatlons utlllzlng a latent. image me¢thod. Many cligical
“« simulations for both insg¢ruction ( and ' evaluation have _
. implemented wusing this model. In another progec@ also dt the.
Center for Educational Development, Harless, Dr ennon, ‘an
workers . (4) employed and compuﬁer gs . a media %o’ .
51mulations of the clwnlcal gncounter, /Their- s%sfem,“term d CASE-
A - (Computer-Aided slmulatlon "of the Cllnlcal Encounter), /permits
‘ information gathering in a natural language format. In ddition
to this ‘study and- CAPS here at Iowa, \tomputer- base&. linical
simulations have-also been developed at \Massachusetts/ General
) _ Hospital in. ‘Boston, Hassachusetts (5) , ayd the State\J 1ver=1*y oo ~=
b A of New York in Wew York Clty (3)
e ‘ ‘ .
De51qn of _a Student's Interactlon DU Vo

- . The. student is’ a551gneﬁ ‘a patient by;reééiv ng a ‘short
printed history (in simulation terminology sometimes clalled “the .
setting®), a set of work- sheets| for the accumulat;of pf- further
data concerning #he patient, and § list of 66 pogsibl diagnoses
“and 35 (-treatilents. , The student’s task is to mgather adgitional
‘nformatlon about the patient until he/she feels onfident *o
make a diagnosis and. initiate treatment. - This/ infqrmation
regardlng the patient's condition is atta;nable concernimgs (1)
"past medical history; (2) physical 'exaﬁlnatl ns; and (3)

R laboratéry tests or clinical procedures. --To save time and avoid
¢ typlng errors, a three- character ,(one letter and two-dlglts) code T
-t - s associated with each of the pieces" of information,  and ‘this

.cods .must be -spec1f1ed in requesting de51red mng erlal frcd the -
computer. Ir the informdtion- gathering process, the mzdical
»  student is encouraged to alternately use re ding materials,

suggested algorlthmsp consultations, and *the compmter to \ga*he; s
~rand analy%e information. ‘Furthermore, all 'photographs or
. - pertinent, /plopsy" spec1mens .and x-rays are '“avallabla and i

»
<

. Nrefefenced to approprlate cas7§. . ; i} .

R 1sm.-oﬂ,a spltal practices is- built 1nto the simulation ‘.

or. the following manner: (1) Information is withheld ‘from * the - s
: " student ° for the wusual number of hespital days requlred to. ¢
actually complete the analysis. ' .(Historical and  physical B
> - e@xamination- data - are available immediately.) For example, if a. .

biopsy .is ordered by a student, hes/she is directed +o the
,appropriate histologic slide the following day and receives a’
wrltten pathologist's report one additional day later. However, ¢
a sfmulated . hospital -day is no¥% necessarlly equivalent in time '
elapsed to.a ‘24-hour day. Its exact length is under .the  user's
control, Depending upon the student's time schédule and *his/her-
desire to see a test T sult, a simulated hospital day might be as

b
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short as a few minutes or as long as several normal 2W-hour days.
But 1nef&ect1ve utilization  of :the laboratories cauged = by’
‘premature endlng of 'simulated hosgpital days results in higher :
hospltal costs for the patient. (2) Certain test ard procedurns
which are incompatible cann®t beascheduled during the Same time
period. ~-For ezxzample, two tests invplving rale’SOthlC
pro'cedures cannot' be ordered ©on the same day. (3) & pa*len+ is
‘chdrged current University of' Towa Hospital rates for b th
hospital room #nd - laboratQory tests. The room charge-|is
calculated accordlng to t*he total number of-simulated. days of the
‘stay. OF Laboratory results are. varfed according to a normal
\,dlstrlbutron determined from actual patlent data. ‘This 'mean
that if a patient's hemoglcbin is requésted.on two separate dayZ
“the two values obtained Would most likely be different. Als6, it
‘m&ans ~ that stwudents who request +he same tests will be given
-different walues distributed over a normal curve with "a pre-
dbtermlned mean and s+aﬂdard deviatioh. : .o '
’ 4 . ' 4 B . ,
. Upon ‘ completing tge stages of acquiring information,
applytig- previous classroom knowledge to the gase, and erdawiring
relationships, a meglcal student enters hi%s/her diagktosis and
suggested treatment of +the ©problem 1into, the .- computer Thé
S.udenﬁ' does not have to'formulate a Statement of this dlagr051s~
r treatment - but simply - selects  the- approprlate codes from
« provided 1lists.- A pre-stated diagnosis is utilized to make the
student’s reply pore definitive. Also, if so desired, additional::
-dlagnost¢c ‘statements may be entered by the studént for the casa.
Sstudent analyses are compared with 1deal\§pproaches, derived. from
the conensus of a group df faculty members, and are 3udged on the -
basts of correctnesg}of diagnosis, cos*t of hospital stay and of
tests and p:ocedq*es performed, and ordering of recommended tes*s
and procedures., * s T . -

.
-

Prior to receiving feedback og(thé correctneSs of -his/her
diagnosis and treathent, .the student’ is ~ given. -a short
questiannalre to . accesgs Qtt1+udes toward the CAPS concept. The
student ‘is asked to rate his/her ' i teredt in CAPS and +he
difficulty of-the case. He/she is alsﬁkinquested to evaluate the

. degree to hkéch the sipulation improved “knowledge. of labcratory
tes*ts, diagngstic skills, and understanding of‘subjedt,mafter. © e
- . Y . *

‘Actual

1nt°ntlonally

1

N C . cy .. :
tudent dnteraction with +the compdter is kept .
rief, with the computer being employed ‘to ccrtrol

and vary the i forma -ion préesented tc +the medfcal student and to

record student decisions. At the same time,‘' the student is
‘encouraged to-m ke use of resources in-addition to the compute

s o o —
s . 4 \

CAPS_Prograns an% File sStructure . Ve

2000F minicompute utilizing EASIC programs and HP's Course
L Writing Facility |[(CWF), the .latter a sequcl to IBM's Coursewriter

- 7 .

‘Tge CAPS st*em is 1mglemented on a Heule*t-Packa*d (HP)
(
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ITT language. WF was engaged primarily as an aid in the rec rd—
kee ping functiomn . of the simulation by provldlng student urse
-facilities (i.e., “counters, buffers, swltdhes,‘ parameters,
reglsters, and auxiliary storage) and , sign-on return points.
E*€o, in conjunction with #HP's instructlonal Management Facility
*(IWF),+ CHUF manges’ student reglctratlons and the sign-ofi/sign-off
procedures. Because a great deal of the CAPS interaction
involves information retrieval and filé manipulation, the bulk of
. the CAPS system is comprised of BASIC language programs. ’

Two . filles which ‘hold data concernlng past, medical hlsiory,
thslqal examinations, and laboratory tests are ‘associated- with
each patient case., One f;le defines normal results.and the other’
flle, abndrmal results, .The' normal flle, ithe- larger of the two,
is capable of being employed w1th many cases whereas the abnormal
file pertains . exclusively to .a particular patient -casse and

centalns only data which 1is different from the normal values. |,

The normal file «consists of 39 standatd history .items, 13

ph'ysi€al .examination ’‘categories, .and 117 remotely relevant.

laboratory tests and clinical procedures available at University.
Hospital. The number . of items, def*ned for each abnormal file
~averages less than 35.. ' - N

co | t R , N -
Case, names are of the form "Aj1"»where wA" is a letter and
Wiqn a two-digit “number. ‘' The ' letter of the <case name

.

desf%nates the name of the normaI file (eege,.M for male, F for.

female, C for child, E for elderly person, etc.) and the number

indicates which abnormal file is to be used for the partlculari

patient, Currently,.the-system is comprised of two' normal £fi les

(male and female) and eleven abnormal files. However, twenty-two;

" additional abnérmal files are about to be ehtered: intc the
- system, ard data for a normal child’s file is veing compiled. =
.t ‘ - ) ~

For each patient case, the abnormal file is-‘run against the
normal one in that the simulation program searches the " abnormal

A

file first for the desired result, If the result is no* found,-

the program proceeds. to examine the normal file.,- This" procedure
allows the easy ' proliferation of cases by merely defining
multlple‘abnormal files to be run against any specific normal
f le. In* fact, large numbers af new pat1en€ simulations c¢an be
eas1ly créated by using ‘actual patients' .hospital charts once a
rormal file is establrshed : . , '

LN

A primary concern in the de51gn of the simulation programs

and the file structure is the program's ability to rapidly locate
an appropriate result. ‘Because . input/output -(I/0. accesses
degrade response time, the file 1is' organized /.*o minimize TI/0
accédsses. This is accomplished by setting up a directory of the
location of ihformation-within a file as the / first  three filé
records. The dlrectory is- compr;ce of a llSt of the letters /of
the results defined in the file as/well as g pointer, to the azray
* which holds thé file record' number: contalnlng 1nforma

10k -

~—




L ®

o

b . .

. .
- - :

pertaining to, a'particular result. During a student's session on
the simulatien, this directory is stored in memcry. Thus, to

find a requested piece of information, only "one I/0O access 1is
necessary, preceded by _a ' DO-loop. to asgertain -the appropriate
letter .and ong calculatld\xto locate the ' elemént of the array
contalylng -the flle.reccra'number. X . .

. The file orgahization for the rormal and abnormal files is
identical except that the correct d;&gnosws and treatment f%r the

. patient const*tute the fourth and fifth records of the abnormal
files. Information for studemnt access, with one result .per.

_record, Wakes up the remaining record§ of the files. For every

]

4

result, the record has values for each or all.(values apprcpriate

or meapingful for the partlcular result) of ,the, following data

items: (1) name .or descriptive statement of 1tem° (2) timke. factor
(numwgt of days before information is available; if the number is
zero,/ infermation is available 1mmedlately), (3) cost of test 1in
dollars; -(4) conditional option -(allows student to withdraw
order); | (5) %fpe of test (generator - or regular--discussed in

fqllow1ng paragraph); (6) test gengrated (a.list of other tests '’
to be included as part of current test);(7) test blocked

(incompatible procedures prohibited for .a specified numter of
+ days pendlnq'completlon of *test 1in progress); . (8) numerical
result (mean, tandard deviation);. (9). units for numerical
reshlts; and. (10) written resultg. ' g
1 e . . os
Referred to 1in the preceding paragrapﬁ, regular <tests
provide the studentewith a static  written statement and/or a
computer-generated pumerical value. The - computer-¢denerated

numerical value is,a normal randcm number selected from a< normal

distribution witk a pre-specified mean and standard deviation.
.The¢normal’'random number is obtained byrg§zhg Mueller's.algorithm
S(6) and HP's uniform random number generator. A ‘generator item

'merely’con51sts of a dgroup of legltlmate tests or procedures

.Wwhich have.a commonallty.a Each test can bé ordered separately or

"; all tgsts carn be ordered as a package under the generator

concept. The values for time required, cost, and any blocked
tests are takern from the generator item itself rather (than from
the 'ln&1v1dual tests. For example, an SMA 6/60 test is compesed
of the results of the following six tests: ~sodium, potassium,
'chloride, CO content, Urea-N, and creatinine. The cost cf the
SMA 6/60 ,test* is $12 whereas the charge for six tests
1ndlv1dually 1s. $36 or $6 per test. The values produced either
by *he generator or the 51x individual items are equivalernt, at
least theoretlcally. : ( o - :

: Computer programs to construct t+he f§les are written sc as
to prompt u$§r5¢for pertinént 1nformat;on during the»bulldlng o]

a file. Betause they are not stored in a sequentlal manner, the

However,. in response to & program querly, the user does \¢stablish

dat@ items can be entered into the CAP§/§ystem in ary sequence.
limits 'as to the’number of di¥ferent et+ters possible and - the
3

-5~ N
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maximum number ©of entrles w1th1n each letter category. As the
information for a result 1s inccrporated into the “file, the file

- directory is automatlcally updated, to reflect the addition,:

Furthermore, the program allows the lists of - data- items - to be
expanded or changed for allc patients. .
— ?' 3 1

During 1nter&etlon with *he c1mulat10n, the .program presents
a main optien point to the student which permits he/she to select
cne of five options. - The’ flve cption points are. to: (1) select a
desired piece of information;' (2) conclude the current hospital
day; (3) - list all pending tésts; (4) terminate the’case by
specifying a diagnosis, and  treatment; and (5) sign off the

computer. After ccmpletlng the ortion desired, excep* for numbezj

four, the student is recycled back to the main opticn point.

« Initiating option one, the.student responds to the program
H§ entering +the <appropriate code for the desired piece -of
inféormation. - The program: searches the blocked test list *o
assure that the results has nct been blocked by a previous
request. If not blocked, and depending upon the particular item,
the pfogram either displays the result to\tbe'student immediately
or adds the test to the 1list of tests”pending. The student
conptinues ordering information until he/she wishes to rgturn to

the main option ~point, which 'is accomplished by merely pushings

the carriage return mechanlsm on the terminal.

iy -
~

, Option two 1is employed to begin a new 51m@lated hospital
day. When this option is specified, the «computery program does
" two things: - (1) removes any tests from the blocked test list
which are no longer incompatible and (2) displays the results of
any %est which had been pending but is now available as of this
new day., Both the blocked-test list and tests-pending. list are
updated and compressed by deleting tests no longer blocked or
pending. The student .is then branched back to the maim cption
point. : g P

~

A

For option  three, the program displays the names of all¥

tests which are pending completion and the day that each one will
'be available. Then, as before, the. student is directed back-to
the main cption point. . JIf he/she selects option five, the
student is signed off the computer and all data relating *o
his/her prqiress‘in the case is™gtored. When signing back onto
the computer, the 'student is-'started at the main option point.
The designation of option five does not orglnate a mnew hospital
day. ' . ’ -

, » : ‘ X ,

Upon concluding the information gathering and ana?ysis
process, the student spec1f1es option four to state the diagrosis
of +he patient's problém and to begim a *reatment. Once thé

~

student initiates the diagnosis, *he/she canfiot return to«the main

option pcint and sa at this point is given a final opportunity to
return. Upon proceeding, the-student designates a diagnosis by

-
’ 6
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.readied for anothergpatient. . -

. ‘i' —

typing an approprlate code number as spec1f1ed in a handout. Thé
program than permits the studemt to -enter up, to an ipncluding

seven lines of additional description or comments. Fcr the

intended treatment plan, the student types in from one to ‘ten
treatment code numbers obtained from -the handout. . Next, the

program requests the student to answer a short dquestionnaire °

which assesses the student's attitude toward the simulated

patient experience. Finally, correct diagnesis and treatment for'

*he patient -is presented to the student.

i -
[

.

the student's ordering of tests, the total' number 'of hospital
days, the entire charges of +the hospital stay and tésts, the
diagnosis, and the treatmert. Upcn completiony of the case, this
data is stored in a file, and the student's course area ‘is

- T

.Y Com%arison with CASE

RN . . .

As +ther CASE systenm isbfamiliar to mo&t medical educators.
concerned w1th the teachlng of clirical skills, it is worthwhile
to make* some comparisons between. CAPS and CASE. Technical and
design differences will be noted but no Judgment will be made as

to~which .system is the more' effective. . '

A very notlce/a\bTe}t difference is the fact that the CASE

s1mu1atﬂcns utilize a natural language format in which the |user
constructs an .information request .in- his/her own words. On the&
‘other hand, CAPS employs a code System to represent requests.

. This ~feature of the CAPS design -perwits simpler sfudent 1nput,

demands less student terminal contact time, and allows an

The program accumulates a sequential day-by=day reccrd of'.

-unsophlstlcated answer -processing capability. Another factor _

-influenced by the uncomplicated CAPS design philos0phy, is "the-

amount: of time inwvolved in 1mplement1ng the system. The CAPS
system was programmed in fewer than three months, cons*derabdy
less time +than was required t4 ifiplement the more complicatad
CASE systen. K ; . P

. k] - *

The CAPS simulations .necessitate much less direct A cless
disk space -than the CASE -patients, an@ther slgniflcant
difference. = This smaller -storage requirement is dde partly #o
*he CAPS feature of sharing files rather ‘than duplicating common
information and partly to the complexities of the CASE answer=-
processing procedures. Fur hermore, the two-file design features
/Jlives the CAPS-system a great deal of flex1b111ty. New cases can
readily be added to the system by simply creat’ing ,an appropr*ate

abnormal file® for the patlentk/ Although CASE operat.es on ar

similar principle, ‘the method of adding new cases appears! %o be
much more involved. CASE literature (2) states that cases car be
easily defined and regulre cnly a small amount of the physician's

time. However, after several’ years of operation, the few, cases
produced seams to indicdtec(otherwise.
~ . 0" ) .
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».° .7 Realism is" 1ncorporated ihto the CAPS simulations in the
follow1ng ways: (1) Test results are .available anly after the
approprlate number of 3ays Tequired to @omplete the test have -,
passedg {2) ‘Certain tests.cannot be run while other. 1ncompat1bl
tests are scheduled.. (3) Charges are accumulated for both th:\\\

", tests run and the number of patient ‘hospital days. (4)y Test +~°

° results are’ not static but , are generated each time a test is’
regquested. 9In the CASE system-the static results’ of a: test are-
available 1mmed1ately, 'with no charge and w1thcut reference to,
-previously ordered tests. : . s -

« -«
.

. . . ’ ] ® o
‘'Both ~ CAPS and "CASE provide -.féedback to the student’
concernlng the correct diagncsis and treatment. However In ‘the
-CASE system, the 'diagnosis and treatment can have an effect on'
Zthe patient,.or- +he patients's symptoms may:.change durlng the .
| . case, ) ‘ ‘ ) :
L u . ! . ) . ’ 4 ; . N
) 67
Conclu51on ° < - B -
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| , The T ¢aps - 'systeqa was teésted ‘on 175 medical students Fall .
' .©, Semester, {1974, with each student c mpletlng at least one patient
"case. : For this " trial run, elevei cas€s were developed dealing
with the malabs&rptlon syndrome, In general, the *students Wwere. ~
"not '‘as efficient nor effective in regard. to the time and
laboratory expenditures nor the ccmpleteness of the laboratory-
data acqulsﬂtlon as was the faculty consensus., .However, student
* reaction was hlghly favorable., CAPS. has been deemed a success by -
both™ the faculty of the Pathology Departfﬁnt of The University of
Towa College:rof Medicine and the ‘students, with additional cases
., being made. available and- greater utlllza ion of -the system
. . ant1c1pated in the mear future, ' <

< 8

It is. belleved by many medlcal educators that medical
students neéd to be assisted in developing skills and techniques
in: (1) gathering and analyzing pertiment 1nf0rma n-about the
patient; (2) consultlng Supplementary mater1a15g§o galn further:

. knowledge' and (3) arriving at a -definite diagnosis and treatment
plan. CAPS appears to be a feasible approach to facilitating
.such learning by providing real patient cases within realistic ¢

-hospital contraints. : J ‘ . .o ,
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