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Medical colleges in general and physiology departments
specifically are concerned with the rising costs of conducting
teaching laboratories as well as the decreasing interest of
students in laboratory exercises. This concern also expressed
by others (3,5,11) led to a search for some means to increase
the return on our investment as well as to reinforce the labora-
tory and ensure that more of the students derive maximum
information from each exercise.

For the past several years computers have been used for
educational purposes in the health sciences (3,4,6,8) not al-
ways taking advantage of their full potential (5). This condi-
tion has improved recently as useful applications have begun
to appear (7,11,12). It appeared to us that a combination of
computers and available, standard laboratory equipment could
provide a ready solution to the problem.

Physiological simulations have been implemented for re-
search purposes on analog, hybrid, and digital computers. For
research, primary goals in such implementations are usually
speed of execution and quantitative reliability. Skilled pro-
fessionals are required in order to write models and program
the appropriate computers. In a teaching environment the
goals are somewhat changed. Simulated data need not pre-
cisely match laboratory findings, rather, trends are of prime
importance. The instructor/machine and student/machine
interfaces require careful thought and design. Implementations
using digital methods for simulation tend to provide more
flexibility for the human/machine interactions than analog
methods (1). While digital integration is slower than analog
integration, the digital techniques can be programmed in
algebraic-like constructs. Descriptions used to represent the
physiological models can be presented in a manner which
approximates traditional teaching methods. Textual informa-
tion can be manipulated and provided to the student. The
increasing use of BASIC, and other high level programming
languages provides instructors with a tool which can be mas-
tered in a matter of days. The language encourages direct,
hands-on development of teaching units by instructors, a
situation which should improve the quality of teaching.

The text that follows describes a preliminary attempt to
develop efficient, low cost, computer-based instruction for
the physiology laboratory. The system was designed to pro-
vide dynamic student/machine interaction potentially capable
of illustrating the more sophisticated concepts of Physiology.

Instrumentation and the Model

Equipment layout is diagrammed in Figure 1A and equip-
ment is listed in Appendix |. The computer is located nearby
but remote from the student laboratory. The student obtains
instructions and questions via the video screen and graphics
via the polygraph. Information is entered into the computer
via the terminal keyboard.

Several different examples were considered (3,11,13) until
it was decided to use a mathematical model of arterial pres-
sure (2). In this model the systemic circulation is represented
by a single compartment followed by a series resistance, often
referred to as a ‘‘Windkessel’’ model of the circulation (Figure
1B). In this model, blood flows into and out of a variable
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volume compartment, having a variable compliance and out-
flow resistance. The heart is represented by an algebraic flow
generator. Flow at any time depends upon heart rate, stroke
volume, and aortic competence.

A unique feature of this approach to the computer assisted
laboratory is that we are using a polygraph (Grass Model 7) as
one of the major display devices. This is a piece of equipment
very often found not only in our own, but in other physiology
student laboratories and is a tool that students are familiar
with and use for a variety of exercises, and demonstrations.
The polygraph is under computer control. Relays in the com-
puter, a PDP-12 manufactured by the Digital Equipment Cor-
poration, are opened or closed under program control to turn
the polygraph chart drive off and on. Digital values generated
in the computer are converted into analog signals, which are
fed to the preamplifiers of the polygraph.

Model simulation is coded in ANSI FORTRAN 1V and runs
under the OS/8 operating system (10). The programs could be
written just as easily in any other high level language e.g.
BASIC, that utilized simple function calls involving devices
like A/D converters, clocks, etc. enabling easy interfaces to be
developed to the computer and common laboratory equip-
ment. An additional advantage to using FORTRAN was that
several models have already been written in that language
(8,9). This could allow a variety of simple programs and differ-
ent types of physiological simulations to be made available
at the laboratory student station.

An inexpensive video terminal (Digilog) is used as the con-
sole device at the student station located 100 feet away from
the controlling computer and operates at 300 baud. Hard-
copy output of the model is displayed on the Grass polygraph
with the signals being supplied by the computer’'s D/A con-
verters. Since the polygraph contains a remote chart drive
option it can be turned on and off and various speeds may
be selected using the computer relays. Instructions for con-
necting the hardware and running the program are given in
Appendix II.
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Use of the Model in the Student Laboratory

Instructional use of the simulation in the student labora-
tory can be extremely flexible. Initial trials with the model
involved a class of 55 dental students who were taking an
arterial pressure/electrocardiography laboratory as part of
their coursework in physiology. We have since utilized the
same simulation with a class of 165 medical students. In each
case the students were divided into groups of 3-6 people and
assigned to terminal/polygraph station on a rotating basis on
the afternoons during which the traditional 3-4 hour labora-
tory was underway. In this manner both a traditional exercise
and a simulation exercise was completed by each group.

In all cases the students are introduced to the program by a
short instruction section. Each group calibrates the polygraph
before beginning the exercise. Instead of calibrating the poly-
graph itself the student utilizes a feedback loop involving
the terminal, computer and polygraph. Calibration is accom-
plished by using the terminal to request the computer to send
to the polygraph signals representing 0 and 100 mm of Hg.
The student then presses “U” and ‘D"’ keys on the terminal
keyboard to move the 0 and 100 mmHg lines to the appro-
priate positions on the chart paper. A typical calibration
is shown in Figure 2. This procedure eliminates time con-
suming instruction on polygraph usage and allows more time
for discussion of program content.

POLYGRAFH CALIBRRTION

THE CHART NILL START WITH THE

PEN AT @ MM HG. IN QRDER TO MOVE

THE PEN TQ THE NERREST HEARVY LINE, FRESS
THE U (UP) AND D <DOWN) KEYS AND THE
RETURN KEY. TYPE DONE RND FRESS THE
RETURN KEY WHEN FINISHED.

DONE

THE CHART WILL NOW START WITH THE
PEN AT 180 MM HG. REFEAT THE
CRALIBRATION FROCEDURE SO THAT THE PEN
1S NON 2 CM (4 HERYY LINES) RBOVE
THE 2ERO LEVEL
v
U=UP, D=DONN, DONE=F INISHED
U

U=UP, D=DOUWN, DONE=FINISHED
v

U=UP, D=DOKN, DONE=F INISHED
v

U=UP, DsDOKNN, DONE=F INISHED
v

U=UP, D=DONN, DONE=F INISHED
DONE

THIS COMPLETES THE CALIBRATION.
EACH MM OR SMALL CHRRT DIVISION EQUALS
S MM H6.

PRESS THE RETURN KEY TO CONTINUE.

Fig. 2 Polygraph calibration. Insert: polygraph output

Effective student/model interaction is provided by another
FORTRAN program that provides each group with an un-
known arterial pressure tracing followed by a normal tracing.
The group is then asked to reconstruct the unknown tracing
by manipulating the different parameters. The calculations for
each simulation require about 4 sec. Each arterial pressure
plot is made for five cardiac cycles. These may be plotted in
real time or time scaled in conjunction with selection of ap-
propriate chart speeds. A detailed description of program
operation has been given previously (7). The unknowns repre-
sent conditions of arteriosclerosis, valvular regurgitation,
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exercise, anemia, and hemorrhagic shock. Initial trials utilizing
this approach allowed a change in one parameter at a time,
each resulting in an alteration in the arterial pressure wave-
form. The group is asked to identify the condition and deter-
mine the parameters associated with their particular unknown.
An example of video screen display and graphic output result-
ing from an input change in heart rate is shown in Figures 3
and 4. At the present time a parameter change beyond the ac-
cepted abnormal physiological range is not rejected. Future
plans include a rejection of an abnormally high or low value,
a message explaining the rejection and a request to enter a
new value. In addition an index of valve competence will be
added to the list of variables. Further plans will automatically
record in a file each change made by the group so that an
instructor can review the approaches taken by the students.
A record of which student groups have used the module will
also be maintained.

The student/model interaction and waveform display are
dynamic since new tracings are generated each time parameters
are changed. The pressure tracings are plotted in much the
same manner as in experiments using live subjects. In this
case, however, the polygraph starts and stops under computer
control, and the waveform is the result of the manipulation
of the mathematical algorithm,

Fig. 3 Polygraph output of arterial pressure for simulation of hemor-
rhagic shock.

ARTERIAL BLOOD PRESSURE SIMULATION
WHAT IS YOUR GROUP NUMBER?
3

AN ARTERIAL PRESSURE CURVE REPRESENTING
AN UNKNOWN CONDITION WILL NOW BE PLOTTED.

THE CHART WILL BEGIN PLOTTING IN ABOUT S SECONDS

THE NEXT CURVE REPRESENTS NORMAL
THE CHART WILL BEGIN PLOTTING IN ABOUT S SECONDS

WHAT PARAMETER WOULD YOU LIKE TO CHANGE,
HR,SV,TPR,C, OR VA?
HR

HEART RATE (HR)
72.00 BEATS/MINUTE

%ﬁl THE NEW VALUE IN BEATS/MINUTE
THE CHART WILL BEGIN PLOTTING IN ABOUT § SECONDS

HEART RATE (HR)
100.00 BEATS/MINUTE
STROKE VOLUME (SV)
70.00 ML
TOTAL PERIPH. RESISTANCE (TPR)
1.20 MM HG X SEC/ML
COMPLIANCE (C)
1.00 ML/MM HG.
VALVf COHMPETENCE INDEX (VA)
.00

Fig. 4 Video terminal display for arterial pressure simulation. The
unknown for group 3 is hemorrhagic shock. Information
input by student is underlined.









