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I. Introduction

Computer assisted instruction, or CAI, is a rapidly growing field.
Since the first primitive CAI systems in the late 1950's and 1960's, CAI
has developed to the point where it is found in 50% or more of the U.S.
educational systems, with its heaviest use in higher education.1 Two
important breakthroughs in CAI are primarily responsible for this growth.
The first is the development of BASIC, a simplified computer language
developed in 1959 by John Kennedy. BASIC is now the most widely used
language for writing CAI. The second important development was the
commercial introduction of microcomputers in 1977. Essentially all CAI
is currently designed for the microcomputer, due to its relatively low
cost and ease of handling.

Among the most commonly used microcomputers in CAI are the Apple,
Radio Shack's TRS-80, and the Commodore. 0f these three, the most
popular microcomputer for CAI is the Apple.

The major problem in setting up a good CAI system is obtaining good
software, or computer programs. Although there is an abundance of CAI
software, very little of it is of sufficient quality to be of much use
in education. Much of it consists of simple drill and practice routines
or of written material. These programs make little or no use of the
computer's greatest educational asset - the ability to allow the student
to participate actively, or interact, in the educational process. Another
powerful educational aspect of computers is their ability to simulate
real life situations in such a way that the student can "experiment”
with them; this is especially true in the sciences.z_ For these reasons,

then, I have designed "Hormones and Homeostasis" as an interactive program
g prog

involving physiological simulations.



II. The Role of Computers in the Biology Curriculum

In recent years biology has become an increasing quantitative
science. This trend has caused biclogy to become an increasingly compu-
terized science. Computers are now used in the biochemistry and the
ecology lab alike. The computer will likely surpass the microscope as a
generally applicable tool of the research biologist.

One important function of computers in the biology curriculum, then,
would be to familiarize students with an important tool of biological
research. In particular, students could become familiar with the various
computer applications found in the biological sciences. These would
include data storage and manipulation, direct data collection from instru-
mentation, complex statistical analysis, and biological modeling and
simulation.

With the proper equipment, microcomputers can record everything
from the locations most frequently occupied by a fish in a fish tank to
the heart rate of a turtle.3 These data can be stored, manipulated and
printed out at the student's discretion.

Although the simpler statistical techniques utilized in biology can
be performed on a calculator, many complex or repetitive biological
calculations (for example, predator-prey interactions over time) are
best performed on a computer. Also, computers have the additional benefit
of being able to display the results in graphical form.

A major use of computers in biology education is CAI, especially
simulations. Simulations are frequently used as adjuncts to laboratory
experiments. These biological simulations can provide students with

"experiments" that would be too expensive or time consuming to conduct
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in an undergraduate or high school biology laboratory. An example of
such a simulation is "Protein Mastermind“4 in which the computer generates
a random polypeptide sequence and the students have to determine the
sequence of its amino acids by the use of various protein sequencing
reagents. Another simulation designed along these same lines is "Maxam—-
Gilbert",5 which allows the student to determine the length of a short
segment of DNA through the Maxam-Gilbert DNA sequencing techniques.

An example of a biological simulation involving a bit more creativity
is "Alien",6 a simulation of cardiopulmonary physiology. The user must
answer a series of physiological questions by performing a series of
experiments such as administering exercise, increased or decreased oxygen
and COZ’ injection of epinephrine or tranquilizers and so on. The
student can experiment on either a human or five ficticious extrater-
restrials.

It is clear that a wide range of applications exist for the computer
in the biology curriculum. It is our responsibility to see that we make

the most of this powerful and versatile educational resource.



III. Objectives and Specifications

"Hormones and Homeostasis" has two main educational objectives.
The first is to give students a working understanding of homeostasis,
which is often a difficult concept for beginning biology students. The
second is to teach students the function of five hormones important in
homeostasis - insulin, glucagen, parathyroid hormone, thyroxine and anti-
diuretic hormone.

This program is designed for a college freshman biology course,
although it could also be used in a beginning physiology course or an
advanced high school biology course.

Students using the program should have some familiarity with the
concept of hormones. Also, the student should know some basic physiology
in order to use the program effectively. For example, the student
should understand the concepts of chemical concentration, metabolism,
and the function of blood. The student should also be able to read
graphs.

"Hormones and Homeostasis' is designed for students with little or
no computer background. Students need only know how to turn on the
computer.

This program will run on an Apple II E computer or an Apple II +
with an expanded memory (64 K). The program is designed to be displayed
on a color screen, although it runs perfectly well on a monochrome

screen.



IV. Description of Program

"Hormones and Homeostasis"

has two major divisions - a test section
and a simulation section. The first part of the program, the test
portion, consists of instructions on how to use the program and two
tests - one on hormones and the other on homeostasis. Each test consists
of four multiple choice questions. If the students answer all of the
test questions correctly, they have adequate knowledge to understand the
simulation portion of the program and go straight to the simulations.
If the students miss any of the questions on either of the tests, they
are shown the question they missed and then are shown a review containing
the answers to the questions they missed. After having a chance to
reanswer those questions, they are referred to the simulation portion of
the  program.

Because of the limitations of computer memory, the simulation section
of the program is stored in a separate section of the computer disc than
the test section. The student is given simple instructions at the end
of the test section on how to access the simulation section.

The simulation section consists of a list describing the functions
of the five hormones and five simulations. These simulations are shown
in a different order each time the program is run. Each simulation is
designed to display the action of a particular hormone. Fig. 1 shows

the beginning of the insulin simulation.
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Fig. |
Computer screen at the beginning of a simulation.

The y axis 1is labeled with physiological concentrations of blood
glucose and the x axis is labeled with time units corresponding to the
rate of action of insulin under physiological conditions. The horizontal
line running through the middle of the graph is the set level, o1

optimal physiological level, for blood glucose concentration in humans.
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Fig. 2
Computer screen several seconds after
the beginning of a simulation.

The student then sees a rising green line which respresents a rising
blood glucose concentration (Fig. 2). The student has been instructed
to press the number of the hormone (from the list on the bottom of the
program) that will return blood glucose concentration to its set level.
If he or she gives an incorrect answer or takes too long to give the
correct answer, the blood glucose concentration will exceed its normal

physiological limits. The line will then turn orange (Fig. 3) and the

computer will beep.
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Fig. 3
Computer screen at Lhe end of a simulation in which
the student gave an incorrect answer or no answer.

If the student chooses the correct answer, the curve will return to

the set level, as is seen in Figure 4.
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Fig., 4
Computer screen at the end of a simulation in which
the student gave a correct answer.
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After each simulation the student has the option of reviewing the
hormone list before the next simulation. After viewing all five simula-
nyn

tions, the student can view the simulations again by pressing the

key or end the program by pressing the "RETURN" key.
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V. A Brief Description of Hormones Used in This Program

I selected the five hormones insulin, glucagon, parathyroid hormone,
thyroxine and antidiuretic hormone for two reasons. First, they all
play prominent roles in homeostasis, Second, their effects are relatively
simple and clear-cut, as opposed to hormones such as epinephrine and
growth hormone which have many interrelated functionms.

My goal was to make the rate of action of each hormone correspond
as closely as possible to its rate of action in the normal physiological
state. There are several factors that must be taken into consideration
when the rate of hormone action is determined. The amount of hormone
secreted, the rate of secretion, the effects of antagonistic hormones
that oppose a given hormone's activity, the age, sex and health of the
subject, as well as various other physiological factors all affect the
rate of the expression of a given hormone's activity. Where possible, I
tried to use data that related to the hormone's activity in actual
physiological conditions, such as a glucose tolerance curve for insulin.
For several hormones, though, I was forced to use data which mimicked
the normal physiological state.

Insulin

The action of insulin with respect to glucose is threefold: 1) An
enhanced rate of glucose metabolism, 2) an increased storage of glucose
as glycogen and 3) an increased rate of conversion of glucose to fat.
All lead to a decreased blood glucose concentration. Imnsulin secretion
is stimulated by a high blood glucose concentration.

The basis of the insulin curve is the glucose tolerance test, in

which a patient drinks a measured amount of glucose (50-100 g) and the
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blood glucose level is measured over a three hour period. For normal
patients, it takes about an hour for the blood glucose level to fall
from an elevated level (140 mg/100 ml) to the set level (85 mg/100 ml).7
Glucagon

The effect of glucagon is opposite that of imsulin. Glucagon acts
to increase the rate of liver glycogenolysis and gluconeogenesis. The
ultimate action of glucagen is thus to raise the blood glucose concentra-
tion. Glucagon secretion is stimulated by a low blood glucose concentra-
tion.

Physiological but high levels of glucagon caused by glucagon infusion
cause an extremely rapid release of glucose from the liver (an increase
of 100mg/min. over the first ten minutes of infusion).8 For a person
with an average blood volume (5 liters) this amounts to a rate of change
of 2 mg glucose/100 ml/min. This value would only be realistic for a
glucose concentration below the set level, where the antagonistic actions
of insulin are negligible.9

Parathyroid Hormone

Parathyroid hormone, or PTH, has the effect of raising the blood
calcium concentration. This rise in blood calcium concentration stems
from three effects of PTH: 1) immediate activation of already formed
osteoclasts and formation of new osteoclasts. 2) increased reabsorption
of calcium from the urine. 3) increased formatiom of 1,25-dihydroxycho-
lecalceterol from vitamin D, which in turn promotes intestinal absorption
of calcium. Another effect of PTH, not seen in this program, is to
lower the blood phosphate concentration.

PTH secretion is stimulated by a low blood calcium concentration.

High, but physiological levels of PTH (caused by the infusion of 50

units/day of PTH) cause an increase in blood calcium concentration of 1
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mg/100 ml over an eight hour period.10
Thyroxine

Thyroxine (TA)’ along with triiodothyronine (TB)’ increases the
metabolic rate. The two hormones increase rates of catabolism, glycolysis,
gluconeogenesis, and oxygen uptake, and they cause other physiological
effects associated with an increased metabolic rate. Thyroxine also
acts in conjuction with growth hormone to promote body growth in young
peaple.

I used the basal metabolic rate instead of just the metabolic rate
in the thyroxine graph because the metabolic rate constantly changes
with activity, emotional state, etc.j; the basal metabolic rate more
accurately expresses the activity of thyroxine. I chose thyroxine over
triiodothyronine because thyroxine supplies roughly two thirds of the
total effect of the thyroid hormones on the tissues.ll

Injection of 720 g of thyroxine into patients deficient in thyroid
hormones causes an increase of the basal metabolic rate of about 2
Kcal/mZ/hOur over a two day period.12

Antidiuretic Hormone

The main action of antidiuretic hormone, or ADH, is to render the
collecting ducts of the kidney more permeable to water. This causes more
water to leave the collecting ducts for the hypertonic tissue of the
inner kidney, causing the kidneys to produce a more concentrated urine
at a slower rate. Since ADH retards water loss from the body through
the urine, ADH has the effect of lowering the plasma osmolality. ADH
secretion is stimulated by a high plasma osmolality.

High but physiological levels of ADH cause a decreased urine output

of about 21 ml/hour and an increased osmolality of about 1200 millios-
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moles/liter. This means that when ADH concentration is high, the body
loses about 63 ml of water/hour (including evaporation, sweat, etc.) and
electrolytes are lost at about 30 milliosmoles/hour. Using an average
water input (including metabolic water) of about 100 ml/hour, these
factors give a drop in plasma osmolality of about 8 milliosmoles/hour

13,14
over one hour.
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VIi. Conclusion

The final goal of any educational software is to promote learning.
The usefulness of any software is thus determined by how much students
learn from it and whether or not the material could be better presented
through lecturing or textbook assignments. The best way to obtain this
information about effectiveness is to test software in the classroom.
Although such testing is not included in this report, it will be essential
to the application and further development of "Hormones and Homeostasis".

Although the simulations in "Hormones and Homeostasis" require
student input, the input is limited to only one interaction. An improved
simulation would allow more student interaction or control over the
program. For example, the student could determine the effects of varying
amounts of one hormone on another hormone's activity.

Another improvement in the program would be to allow the student to
choose the 1level of difficulty of the simulation. For example, the
student could choose the number of different hormones in the simulation
and the number of hormones interacting in each part of the simulation.
A further refinement of the program would be to allow students to manipu-
late such factors as evironmental temperature and water availability.

Sophisticated simulations such as I have just described would be
quite time consuming to produce, yet they make effective and versatile
teaching tocols. The ability of CAI to simulate real life situations and
its capacity to modify its response according to the input from individual
students allows CAI to fulfill educational functions which can't be met
by the lecturer, the textboock, or the laboratory alone.

"Hormones and Homeostasis" is available on a diskette in the Biology
Reading Room, which is located in room 324 of Ackert Hall, Kansas State

University.
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Abstract

This report describes an educational computer program entitled
"Hormones and Homeostasis." “Hormones and Homeostasis" has two main
educational objectives. The first is to teach the concept of homeostasis.
The second is to familiarize the student with the functions of five
hormones important in homeostasis: insulin, glucagon, parathyroid hor-
mone, thyroxine and antidiuretic hormone. The program is designed for a
freshman biclogy course, but it can be used in an introductory physiology
course or an advanced high school biology course.

"Hormones and Homeostasis" consists of a preliminary testing and
review section followed by five computer simulations. The simulations
consist of graphs showing various physiological factors, such as blood
glucose concentration, departing from their set level, or optimum physio-
logical level. 1If the student chooses the correct hormone, the physiolo-
gical factor returns to its set level. If the student chooses the wrong
hormone, he or she receives an error message. The simulation may be
viewed as many times as the student desires.

This report includes a printout of the program itself and specifica-
tions for its usage. A brief description of the program is also included

along with a description of the data used to design the simulatioms.
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o

FRIMNT GUESTIONS MIGSED

GOELUD 42000

VTEE &

FRIMT * You may wish to =
top the program and®

FRIMT #: FRINT "revisw hor
mongs 1n yvowr textbook &t"

FRIMNT "": PRINT "thic point
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7821

2823

Lo m L]
e (T8

TES

28ZE

Zgao0
TR0

SOG0

AP S

II0T

207
A1 O

[, PG L

s

-:H'..-"'_'.i',
el

10
A ]
LEa 1)

. If e, prese the hey”
PRINT "": FRINT "marked 1.
If vou wieh to continue,”
FRINT "": FRINT "pressz RETU

RN "

GET X«
HOME
IF ¥z 2 oI THEN  GOTO

&ed
ERD
GOELE I3000
REM  REANSWER QUEETIONES MIG

SED, EVELUATE, STORE
GOEUE 42100
HOME
FEM  BRANCH TO POL FEEDRACE

IF b= o THEN GOTD 3500
REH FPRINT QUESTIUNE MISEE
Gl AMNSUHERS
EOSUE 42000

VTER &

PRINT OV Wow e
LM key 1o tabe i
FRIMNT "Yr PRIWY "homeosteas;
e teet.”
R FRTL

EOSupE S0000

GOTO 40000

REM  ALL CORRDCT

YTiak e FPRINT ¢ (Efalalall Yo
u encswered 11 the" '
FRIGT "Pr PRINT "gussiions
correctly. pNow tsbke the °
FRIMNT """ PRINT "homeostasi
= test."

REM  FRTC

GOSUE S0000

oM HOMEOSTAZIL TEST

EEPRF OTITLE

HOE

VTER & HTAHE 12: PRIMNT Twxw
HEFEFERLEEERKF D

FEEEEEEEEEESEE
KEK  FRTC
GOSUR 20130
RErM TEZT
REM Laﬁﬁ DaTe
GOELIE 203060
FREM FRESET @

W o= O
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4045 BOSUR 22500

4050 1F Wox O GOTO 410%

£052 HOME

4055 VIAR &r FRIWT ¢ Fantectic
! You scored 4 out of 4!'*"

4060 FRINT """ FRINT "Mow go on
to the final pari of this"

4055 FRINT """ FRINT “program.”

40067 REM  FPRTC

406G GOEUE 30000

4070 GOTO GO000

4105 REM 1 OR 2 MIBRED

4110 REM PRINT QUESTIONS MISSED

4115 HOME

4117 GOSUe 42000

4119 ViAR

4120 FeINT v You will now see
& brie{ review on'

4125 PRINT "": PRINT "momeocstasi
£, The answere to &11 the"

4128 PRIMT """ PRINT "guestions
will be highlighted in the "

“ewer the ¢

he snswere to the”
T """t PRINT "guestions
i ¥ou w111 then b

|
o
in
n
m
A n

T 45300

(E38

LER R QUEST I0NE Fl&seD

sonE GOSUR 42500

S2an PRIMT

26



5241 FRINT ;

H24%2 PRINT ¢ Now press the RET
URN key to go on to!

524 FPRIMT Ythe 4insl poertion of
thie pregram.”

SZH0 REM O FRTC

5257 BOSUE 20000

DEe0 GOTG SO0

ZO000  REM O FRESE RETURK 70O CONTI
pLIE

20005 VTAE Z4

0010 INVERSE

Z001S PRIMNT YPRESS RETURN TO COH
TIKUEC™

200G NMORMAL

TOOZE  GET DD3

0026 K1 = &30 (DD

ZO027  IF B1 = 13 THEN GO0
y

AIn0ze GOTO TOoZRE

! D HOME

FRETURR

|25 FOR T =
2140 EFT T
FE™ LI
FEFM  READ DETE IRTO AaRbay
FOR I = 1 TG 4
FOr 5 = 1 70 &
INZID READ DFR(I 4]
TOZ20 0 NEYT S
SOEEE NE
INZAD RE
TOEIES OREM DaTa
x40 DRTEs "Typically. & horomon
B 18 &n ocrganic molecul
e that 12 sescretes from =
csue of an orosnism anc ot

SOZ4E DeTR Y"Regulat ies
e {rom which 1t wipe Eesrrete
d 1k

ZOZED DATH

ZOZHEE DATa
gs of

Z0Z&EG DAETA
v oTiszues
OFQani .

TREETS DARTA 4

JOZ70 DETH "Hormones ere transn
orted bv the:”

FOZTL O DeETA "lLvmphatic svesten.
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Lo2e DATA "Nervous systemn.”, "R
ezpiratory syetem. ", "Circule
tory system.",4

ZOZES DATHA Y"The action of hormo

nes 1 best describ

ed by which of the following
sete of termer”
DETE S "Mon-specific, a1l t
iesvues” ,"Highly snecidfic, ta
roget tissupe”

T0Ees DATA "Nom-specific, terge
t tissuecs","Highly specific,
gll tissues”

InrFR DRTA X

ZDZ00 DATA  "Compared to the ner
vous svetem, hormone

e act at:®
IOZIO0D DATA  "A much more rapiH r
gte. ", "A slower rate. ", "Abou
t the same rete. ", " more ra
pio rate, "
DATE %
FEM HIMEOSTRZIE TEET
DAETS "Homepeiecics

BeTes "Maintenance of relea
Wil conetani condil
ithin the booy, M
"Reriodic flurtustio
nooof toncitions wit
hin the body. "
20350 DETe Y"Random
ot conditions vl
‘;g- i
OIS DETA "Raep

S04 DRTA 1,"The molezuisr str
utctures and chemicel rEsCT
ione of the humsr body 4unct
1o effectiveive

DaETAR "In =2 wide ranoe of

-ﬁeratureg pHE and chemic

'Unly wlthln 3
of pH,but 1in & i
tempersture and a0
&1 CFHCEP+ i o

of temper
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nes .48

IOXET DATA  "Which of the follow
ing sete would make the bes
t model to 1llustrate

homepstasis™"

IOI70 DATA "Faucst, water pipes
s wWater {flow."”

IOLTE DATA "Light ewitch, light
bulb, light

I0E7Y DATE "Thermostat, furnace
y OOm temperature. ”

I0EE0 DATA YDial, radio. static
n =Ele:t1qp. =

ZOIBE DATAE "When +hc blood gluc
psEe concentration fells b
elow & speritic st level, t
he hormone glucagon ie rel
easerd. bhich of the {ollowi
ng would most likelvy be the

effect of glucegon™"

TGESD DAETA YAl asvsilable gluco
eg in the iliver is reles
sed into the blood.”

TLERE DATR V"Eiucose iz released

from the Liver imnto the
Elopod until the blood Gl
ucose Concentration returns

to 1te sstievel .

Zoaos DATE "Blucose ie relessed
from the liver into the
blood until the blood 1= sa

tureted with glucose.

ZO40% DATHE "Inslgnificeant amoun
te of glucose ere velessed i
nto the blood. ", 2

TET00 REM TEERTY

TREIE OFOGR I = 1 TO 4

TETE0 HOME

TEEEE OVTAR &

Al REM  PRIMNT CHLIESTION

ZESTE PRIMT @3{1.13

T2TAD PRIMT ¢ PRINT

TE54% REM O PRINT RUMBERED CHOICE

ZEERD FOR O = 70 B
HTel: ©
DED PRIMT 8 - 17, Pav FRIT L3
LA
FrLMT
WEXT J
FRIMNT
REM THEUT STUDENT atSrER
CET 4%
REF EVALUATE TEST, STORE
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GUEST IONS MISSED

IESQ0 GOSUR 405200
2595 NEXT 1
APESE RETULRN

e

D00 REM O HORMUONE
DOT O NMTABR D

L2010 HTAR 10 PRINT "#¥£HORMONE

—

REVIEW®®¥ Y

FRINT ¢ PRINT @ PRINMT

FRIMT " £ hormone 1= &n
crganic molecule”

FRIMT

FRINT "that 1= secreted, u
sually in minute™

TR0ET PRINT

TEOZD FRINT "amounts, from one t

ilesue of an organism”

ITOFE PRINT

IE040 0 FRINT Yand thst Y;

SEO4E INVEREE

TEO4G FHRINT "REGULATEERY

ne

IE05G 0 MNORMAL

R

=TT
An |

31

e g
RN §

RIS

Z2i17

PRI B 2

FRIET " the functoion of Vs
FRINT » "

Indy E

FRINT POTHER®
FRINT “TIESJES D&

POEMal

FREINT 2 e

FRINT Y"of the orgenism, ”

FERINT

05 FRINT Y"Hormones are secret
=0 glende into®

1o PRIMT

12 FRINT "the":

1% PRINT M o%y

14  INVERESE

1é&  FPRINT *CIRCULATORY BYE

-
5

!
r
~c

angd are carriedc”

by the blood throos

FINTOE Hormones exert o
ne or more's

Fagen FRIMT O © o

=0 INVERSE

S5 PRINT YHIGHLY®"

57 OPRINT
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IZ3160  PRINT "SFECIFIC EFFECTSY;

I3165  NORMAL

33170 PRINT " on their Y3

TEI7E INVERGE

3180 FPRINT "TARGET TIsSSUE";

SALES NORMAL

IFI90 PRINT

2E1I9S PRINT

SIZ00 PRINT "or tissues. For
ample, prelactin, a "

IEZ0E FRINT

I3Z210 PRINT "hormone secreted
the anterlor®

S3Z212 0 PRINT

(D

by

32185 PRINT “pituitary, stimuliat

e= milk secretion”
I3ZLT7 0 PRINT

SIEZZ0 PRIMT "in breast tiscues,

These effecte,”
DEZ2REZ 0 OPRIMT
IRZ2S PRINT “however, ocoour g
ITEI0 INVERRE
SEAZEE PRINT Y"MORE SLOWLY "
TI240 NORMAL
FEZ4Z PRIMT © Mg
ITZ45 PRINT "than tho=se'y
FRINT
FRINT

33260 INVEREE
IIZLE  FRINT “NERVOUS SYSTEM";
TIZTO  NORHAL
75 PRINT * .7
FRINT

GOBUE 20000
VTRE Z
FRIMNT ® Some hormones

e concerned with®
Z3IZET7 O OFRINT

FRINT "elicited by the "j

ar

E3ZF0 0 PRINT 'thenge— either the

changes sssociated”
IEE9E PRINT

IIZO0 PRINT "with maturaticn or

in response tol

JEZ0Z FRINT

ZEIZ0E PRINT Yexsterrnal eventis.
ormonses sre slso’

ZE310 0 PRINT

TITE

H

23318 PRINT Yimvolved in homeost

atic regulation. "
2IE1T7 0 PRINT

IIT20 0 PRINMY "The letter hormones

are the eubiect of"
FEZZ2D OPRINT



3?32& FRINT "this program.”
AER00 GOSUE ZO000

Ziﬁnu RETURN

JI4000  VTaAR D

J400%  HTAR B: FRINT "#xxHOMEQOST S

BI6 REVIEWxxx™
24010 FRINT ¢ FRINT ¢ FRINT
2401%  PRINT M Homeostasis 1o

e

TAGED INVEREE
F4025  PRINT "MAINTEWNOMCE OF
wqunm FPRINT

24025 FRINT "RELATIVELY CONETANT

CONDITIONS " ;
TA040  MORMAL
T404Z  PRINT " "y
4045  FRINT "within®
A0S0 FRINT

2405 FRIKNT "the bhogy. The mole

cular structures and®

E40ED FRINT

H4045  FRIMNT "chemicel reactione
of the human bod-"

FA0sET O FRINT

L4070 FRINT Y"function wel! onlvy
within "

FA075 INVEREE

I4080  PRINT "MARRGE LIMITESM

Z40BS PRINT

IA0S0 PRINT "OF TEMPERATURE Ak
F‘i"t 11 ;

24095 NORMAL

DAI00 PRINT ", and "3

4101 INVEREE

4102 FRINT "CHEMICALG"

41075 NORMAL '

THI05 0 PRINMT

4110 PRINT “meeded by the body
can be lethal ezcept”

24115 PRIWNT

34117 INVEREE

8120 PRINT "MITHIN NaRFDw LIMIT
& OF COMZENTRATION. "

4125 WNORPMAL

TELIDE GOSUR SO000

4157 NTRE Z

ZA1TED PRINT "Thus the tissues

d organs of the body®
I PRINY
40 PRIKNTY "are continually act
ing to kesp"

FTAIET PRINTY

4150 FPRINT Yproperties of the &
ody ‘= internsl”

oy

=

1T
o
a
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I41852 0 FRINT
4185 FRINT "environment such as
temperetwe and"
34160 PRINT
24165 FRINT "the concentretion o
f nutrients, csumes,”
4170 FRINT
24175 FRHINT "ione, ano water a1
a =t level which i=g"
4180 FRINT
445 PRIMT "favoreble to the o
nctioning af the"
4190 FRINT
4195 FPRINT '"cells
AG4Z00 0 GOSUR Z0000
X R VTaR
TL4Z0L PRINT M The process of h
omenstanie can be'
242100 FPRINT
L4215 FRINT "compeared teo the act
ion of & "
TETIE THVERSE
TE4217 FPRINT "THERMOSTAT"
TAZIO PRINT
EATZRT OPRIMT VAND FURKSTE CONT R
LING ROOMY
T4ZTO O FPRINT
T4ZEE O PRINT "TEMPERATURE"
T42E6 0 RORMA
42T OPRIMT OV, The set level fo
r the!"
Zaz40 FRINT
34245 PRIMT “temporsture of the
roor i teterminsd”
TAZEN PRINT
ZAZEE FRIMNT "by the position st
which the thermostat”

in

FAZET FPRINT
TH4Z60 PRINT

is set. i+ the tem
persture falle '
ZA4TEE PRINT
24270 PRINT "the set level the t
hermostat sensss"
TAZTE O PRINT
FAZED FRINT "thie and zends & 1
nnal (electri cal
SA4ZEE FRINT
F4Z90 PRINT "cuwrrent) to & furna
ce which raises the”
24295 FPRINT
00 PRINT "room temperatur-e, "
TAZ0S  BOSUBR TD000
D4F0T O ONMNTAL T
&4310 PRIMY M When the tempera
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ture reaches the set"

FALIE O FPRINT

4320 PRINT "level, the heast tur
ne off the contropl”

o FPRINT

YOFRINT "edignel from the the

rmostat and the"

FlRIMT

FREINT "furmnace tuwrns ofd,

Thue the room v

442 PRINT

2AZAT PRINT "tepperature is main

tzined &t the z=et”

4387 FPRIMNT

I4T50 PRINT "level .

JA4TEES FRINT

S4%e0 FRINT ® In a similar- {z2=
tiron, the body ¥

o FRIMNT

FRINT “‘maintains relativel

¥y constant®

FEIRNT

FRINT "internal conditions

by continuael Iy

FRLINT

FRINT "monitorin

roal enviromment g

FRINT

PRIMT Ycomparing it to set

values, " '

» o GOSUE Z000n

2407 VT&EE ¥

Zs430 PRIMNT " I4 any character:
gtic of the internal®

4417 FRINT

284415 FRINT Yenvironment deviate
e from its 8t level”

SAJZ0 FRINT

24425 PHINT "certzin orgame or t
iesues of the body®

8427 FRINT

24430 PRINT "produce & epecific
signel, which can be”

R44TE PRINT

Z&44n PRIMNT Yeither hormonal or
nErvous ., (e’

24445 PRINT

24450 FPRINT “signal ceuses the

ppropriste’

SAEATT FRINT

EA450 FRINT Ymechand
odyv to wordk hard

34485 PRINT

244870 FRIMT "return the internal

it
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envirocnment to ite"
24470 PRINT
24475 PRINT "eet Jevel M
Ta4E0 GOLLE BO000
Ta4gh VTAR X
2450 PRINT M The regulalion o
blocd glucose"”
24498 PEREING
Z4500 0 FHINT "concentretion is oan
gxempie cf
LAE0D FRINT
245410 PRINT "homeosteni . I+ @l
cod glucose levele”
4515 FRINT
TATZD PRINT "ri
level, speci
ZATES PRINT
4TI FRINT "cell

1
ok
ae EEﬂ=E this and"

-

[ m

o

ot

-
r
]

=&
]
P
n
in
m
(=

T "E‘
Ehar o "'F

paer] |_J

[P
L,

)

AR

“p”ﬁduca the hormone
Imsulin ¥

T
3 ted P et B = g b=t b g b B e 1T

i
W fin
o

FBI8T Yeacise on the ceils o
he body, caunsing'

FIRT

IMT "an acceleratec fLran

bl
1

mma wmot T m o

H
NT "from the bicod inito

b

cells umtil the ©
TETTO PRIN
SEETE S PRINT 'Y"concentration of gl

i
[
on
nn
A

1
T
fallis t the"
T
T

Yeet le

IT4EG0 BOGUE Z0000

TAESS VTRE =

F4H00  FRINT ¢ If the
orcentration "

TALOS  INVEF '

TALLO PRINT

TAL1E PRINT

TAETO  FPRINT YEELOW THZ ©O7T LEVEL

n
=
n
1
1
i}
r

‘\iul-_‘l" ..:\
FRIMT ", the body oroduces

FRIMT

I8 PRINT Ythe hormone Yy
s IRVEREBE

1S FPRINT YELUCAGORY

Sl WORMAL

oo FPRINT ", which ceauses!
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T46DT 0 FPRINT

246609 FRINT "the "y

4665 1MVERSLE

T4670  FPRINT "RELEASE OF GLUCOSE
FROM THE LIVER";

B4E6TE S NORMAL

FELED  PRINT LT

4685 FPRINT

TAEFD 0 PRINT "The glucoz=e concent
ration's:

D462 FRINMT " "y

24700 INVERSE

IET05 0 PRINT "RIBES UWRTIL 17"

4710 PRINT

Z4T1LE 0 PRINT "REACHEE THE SET LEW
E L 11 ;

IA4TIE0 0 NURMAL

ZATEE O PRIMT vt

ZATIE0 0 PRINT -

FATTE S OFPRINT M The {imel portio
rn of this prog-ac”

HATAC PRINT

HAFAE O FRINT “denonetreies howe {1
ve hornones,

TLETET PRINTY

WY FRIMT "incluging inmeEawlin =

L L £

3 1 .
FRINT
FRINT "tunction in hoseost
e
o —

ST A5 RETLRRN

ZEOO0 ETOR

A0000 REF FRAECTICE TEST EVaLUAS
IO

40010 IF 543 - OUIOTHEN EOTOD
443100

40015 VTak &

G0 E PRINT M Ex
id thst perfe

L0017 PRINT Yhlow
rmone and home

lemnt! You d

L

+tn
I—lm

3 M
[ |
L
qow
¥
n
o
‘_1,-;
Ir
A

i
1
n

EoST el en

A0S0 EOREUER 20000

400055 RETURR

43100 VTéHE &

4105H 0 PRINT OV The correct snsw
er e Z; hlood"

40107 PRIMT

40110 FRINT "carriess ocuyoen and
nutrientse to the”

431 1F PRINY

43115 FRINT "tizssues of the Lo
« You may wish tol
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40117 FRIMNT :

40120 FPRINT "stop the orogram an
d review physiclogw"

401 2% PRIMT

40130 PRIMT "in vowr testbooh at
this point. I+ o,

403135 PRINT

40140 FRINT "pre=zs the bey 30 o
P orow ot the”

431 4% PRINT

40147 PRINT "keyvboard marked i
I¥ vou wish to take”

414%  PRINT

40150 FRINT Ythe hormone test pr
e the RETURN key. "

40185 GET X#

40157 HOME

401460 IF ¥& = Uit THERN EWD

40165 RETURHN

40170 HOME

40175 END

L0200 REM  TEST EVALUATION, S10F
E OUESTIONE MISSLD
40205 IF ©Ad = 0Fil.é) THER  &07C

i1, 1
(] T
1 I
R
N
1,50
S Y
RETURRN
FEM PRINT GUELS 10ME MISLE
EI
42004 VTER &
42000 FRINT "VYou miss=zd the +“cil
owino guestior (="

42006 BOEUE T0O1F0
IZ007 HOHE
47010 PRINT
42015 FOR K

S Ty g J #u 4
L VTEL £

FRIMT ¢ FRIRS
1 70 W

Hoowe

G2020 PRINT RS, 1 PRINT ¢ PRIM

420272 GOEUE EBO000

202 MEXT K

42075 RETURN

42100 REM  REANSWER QUESTIOHNS MY
88D

47103 WOME

47103 VTAEE A

42105 FPRINT Y"how try the cuestic
nie) you riesed" ‘
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470107 FRINMT "agein:®
42110 KEM  FAUSE
4711%  GOBUR 30170
D@0 HOomeE  *
420 2% REM  PRINT OUESTIORE
421246 W o= W
40128 W = 0
4130 FO¥ T = | 70 W1
42138 HOMLE
42140 VIEH &
42145 REFM  FPRINT DUESTIOH
SFIE0 0 FRINT RBS(I, L)
47185 PRINT « PRINT
4721460 FEM  FRINT NUMBERED CHOIDE
o~
421465 FOR & = 2 TD &
42170 HTAR 4
42175 PRINT J — 13", Pz FRINT B
#107 . )
MNEXT O
& PRINT
25 HEM
L]
o

RETURH
0 BER FRINT QUESTIONE MISSE
D ANL THEIR ANSWERS

42004 VTAD L

ATEGE PRINT "Here are the ouesti
crls) you missed ard”

45506 PRINT “"their answers:’

G4Z5I0 0 PRINT FRINT

45L15 FOR X i 70 ki

40517 IF RE(I,.73 < & TREY GOTH
42545

22518 VTARB &

Fab T LN

REM  ALL CORRECT

VTRE s FRIMNT U Sreat !
You have correctly answered

45%06  PRIMT "¥r PRINT "&!1 the g
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westions. Now prese RETURN
t i kt

45508 FRINT "": FRIMT "the final
part ot the program.”

49510 REM  FRTC

455915 GOSUR

Aez0  BOTO 2y

SO000 REM INTRD SIMULAT 10

S00n VTAE 2

SO0t HTER S PRINT “esxQRIMULAT I
O INSTRUCT I0ONE® -x Y

Se0Z0 MTalx by FPRIMY OO In the 4
cliowing simulations, you!

EOOZ0 0 FRIKT ¢ PRINT "will =es en
me physiologicel factor inm "

Sa04d PRINT ¢« PRINT "a certein p
avient ¥ depart from ite set
11

SOEO PRINT ¢ PRINT "level. For
edampie, his blooo glucose”

50040 FLRINT @ PRINT Y"concentrati
on cowio rise abrnormal iv”
SO0F0 FRIMT » B "Migh, az oo

cuvre i untrested giabetes, ™

SOGTE

TN
By

B0 F

1

PRIMNT @ Your o

=11

‘e hormonal

T 2
FRINT Yeyetem, i
&

A

W corvrect®
; "hormone to

T H

e BT W L Tl A o
= Mmoo

B0

'-"["

r
T
il

t— 7

L S back
to it t
SOLZD PRINT 2 "process of
maintaining physiclogicasl™
SOIED PRIKT @+ FRINT "conditionsg

beregl s deh

"Fomeostasics

- verti
with the

il PRINT FREINT "physinliogic

]l condition being atfected-
ii

=

SDIFEG PRINT ¢ FRINT "for exarple

o Blpod glucose®
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S0 FRIMY ¢ FRINT "concentretsd
on- whil the borizontel”

SO0 FPRIMI FRIMT "axie ie 1ab
elec wilth the Ltime owver”

DOEFG FRINT FRINT "which the c
hiange occwre. M horizontal”

T e 1T

SOEED 0 PRINT ¢ PRINMT "line runnin
g through the center of the
L1
S04 PRINT @ PRINT Y"grach reopre
eentes the set level Joi”
SOZE0 0 FRINT @ FPRIMNT Ythet condit
1o,
GEOsLIE A0000
FhTr1 t PRINT M You will
> 2 line curving cilher®
LEE0 FRINT @ PRINT "up or down.
M

represents the"
T 2 FRINT Y"phvesploglc
tor depariting from the

SO0 PRIMNT ¢ PRINT "escet
noresl biclogical rea
SORZO FPRIGMT » PRINT "the 1
11 twrn orange (14 you hisve”

SOTED O OPRINT ¢ FRINT "& color sor
gent #nd the computer will
TG40 PRIMNT ¢ FRINT "beep.®
EO0ED =i
s05el PR

I 20000
KT 3 FRINT " At the b
nirg of the simulations’

:l’)

FRIMT
LT ?u FRIMNT “wou w'

FRINT “letter abbreviation
of the hormones oR”

2 FRINT @ PRIMT "the list nu
mbrered one throuoh five.!

n
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504Z0  GOSUR Z0000

S04 VTak 2

S0450  PRINT " Fress the Lhey of
the number of the

SO0450  PRINT @ FRIWT "tormons who
e action will return the"

504460 FRIMT @ FRINT "phycsiclogic
al fector to itg st level . ”

SO470 0 PRINT @ FRINT "You will on
iy have one chance, =0 chose

L0480 PRINT @ FRINT "the correct
hormone the first time!"

S0490 GOEUR F0000

50500 PRINT ¢ To begin the =i
vlations you must"

E0E10 FRINT ¢ FPRINT "follow thes
e steps. 14 there ig & key"

EQOSLE PRINT

SOnZ0 FRINT "markeo "CAPS LOCES
in the lowsr left”

SOEEE PRINT

SO0 FRINT "hand corner of the
kevbosrd, make sure”

SOEIS FRINT

50540 FRINT "it is in the depres
sed position.  Then®

HOE4E FPRINT

SOEED PRINT "type the following
worde Jjust as they"

HTEE FRINT

SOEE0 PRINT “they are writtenr an
d then press the "

SOEEE PRINT

SOEVO PRINT "RETURM kev:i"

SDET7S PRINT

DOEED PRINT “RUN PHYEIH®

DOTRe PRINT ¢ PRINT O 1§ vou o
et an error mezszgoe, check"

D000 FPRINT ¢ PRINT "the CAFES LD
CH key and try agein.”

SOEZG END
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& REM  »xx_ THNEGRAMM Zxwe
& HOME
Q@ GOSUE 17000

10 4

1% R

=i

L0 ¢

40
00
&S

7O
G
100
110
115
1320

140

Ry iRy
POt S

=E0
el

D&
265
JEFRE

= 0
H o=

.
g
s

FOR
(17

=

TGO %
(

1
NT rox RHND 13 + 1

st

IF 0 ¢ @ THEM GOTO 90
FOR &1 = J 70 1 STEF - 1

IF COJy = C4Al - 1) THEN  GOTO

HO
NEXT &1

FOR &2 = 1 70 COLH

READ Zid4 .22, MT,1.D.EL
MEXT AZ

RESTORE

DATH "ELOOD GLUCOSE", "CORC

. MG 100 HL“¥14G5105108?u??

DATA “BLEUD GWUCﬂnE“,”CGH

Co  MEALO0 WLY, 140,10, -1

e

= ] LG
& TG

B
DATA  “ELDOD DSMOLALITY","HI
LI OSMOLE/LITERY, 328,55, 106,

s T2 EBD

]

DETE PELO0D CRLCIUWY LN

C. FMEA100 ML, IS,1,-108,.%4
1=

DETE PEALAL METADOLIC FaTil

! , FECALE/M 8DUGH

ED/AHEY BT, 2,108, . %9, 20

DT & PRLOOD OSFHOLALITY" , 1

LLIMOLES/LITERY (328, 5,108, .94

-
u-‘

Al = O

i}

CRE = O

GOSUL 2000
RMERT J
HOHHE |
MTeR B PRINT M 1
F to see the simulstions
paing prezs 1. I¥ vou wish
to enc the program, press RE
TURM: "
GET TaF
T = VAL (Taf)
O
M Té = 1 THEW G070 4
VTAE ©
FRIMT @ I thE you enjoyed
HORMONES AND HOMEQETAL
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18, Fleasze turn off the
computer ‘e power switch b

cfore vou Cleave.

280 END '

2000 FRINT CHRE: (4)"RBLDAD ALFHG

2020 HER @ HCULOR= &

2030 HPLOT 48,0 T0 48,154 TG Z7&
L1044 TO 28,0 TO 48,0

2040 HPLOT 48,80 TO 278,80

2220 DI = "uv

ZEE0 RZ = 48

2240 ZI4 = Ziw

2OE0 LZ = LEN (1Z%)
PR60 IX = I

PITO IV = 7 ¥ LI 4+ L5 » (155 - 7 &
Lz)

220 GOSUE &00d

ZPG0 II$ = IZ4

FFO0 LZ = LENM (ZZ3)

2T10 IX = 17

SEEOOIY = 7 % LZ + .5 K (155 -
129

TIEO BOSUR &000

340 RZ = O

2345 Dig = ©

ZIE0 FOR A% = 0 T

|
-

TTED

P )

7

L
2070 IZ4& = BTRY (FZ
TERED LI = LEM (ZZf)
SEGD OZN = 47 - 7 ¥ LIZ

LS ot I o I o

« 7
i

=a00 = (5 % AT 4 4

2410 GOSUR &0

2AZ0 0 NEERT A3

2430 CH = O

2450 GOBUE 135000

ZE10 HCOLOR= 1

Z5E0 0 FOR x = O TOD 277

2540  @RSUR 7000

ZEa7 IF RH = O THEN GUTD ZD45

25447 RETURRK

2545 IF fW I THER  GOTO 131070

2ESO Y = BZ - ({¥ -~ "BLy & F /S Di

Zhety IF Y 2 87 - L O Y » BZ O+ L
THECKM GOZUE OO

ZEFO O OHPLOT ¥,¥Y 7O ¥,y - &

ST IF v < & 0OR Y » 14% THEW BOTO

ZE90 0 MNEXT ¥

SEOG R o= X

ZEZD YR o= Y

FEDSO FOR X = X TOD 275

2640 Y = BY ~ (B - ¥YR) ¥ E ™ (¥



2650 IF Y < BZ -~ L OR Y » BD O+ L
THEMN COTO Z&8C

Z&EA0 HCOLOR= 1

Z6T0 GLTO 2690

e GOSUE SO0

2690 HPLOT X,¥ 70 ¥X.¥ - &

2700 NEXT ¥

2710 &N =

DTZ0 0 GOTD 10000

HOO0  KEM  DRA&K CHARGCTIRS- RODIF
IED FROM A FROGRAaM BY FoL. ™
ITOHELL

HOZ0 POEE
Z208)

&OZE FPLOEE ZES

&OR0 HOOLOR=

HOERE ROT= RZ

a040  IF DZE = "R" THEK 19 =

HOH0 IF LZId = YUY THER 1% -

INT (5000 7

1
!
)

EOED NI = ZEIYD = Z¥

HCTG GLalE= i

&OE0 FOR & = 1 TD LZ

LOT0 IS = MIDs (ZZs i

HEI00 N = (8T (ZI%sz) -

&110 NDREAK IR &7 KILVZE

&3iZ0  IF 19 = 7 THEWN X2 5o+ I%
r GOTO 6140

130 Y2 = ¥i o+ 19

P40 NMEXT A

6150 RETURRKN

TOO0 Po= FEER (4%31073)

70Z0  IF F < iZ& THEN GOTG FO70

FOZO CH = CH + 1

7040 P o= CHRES (P - iZzyy POEE A4
Gigh, 0

7050 Péa o= VEL (P

TO&ED  IF A = O0(J AHDCH = 1 THERN
GOTO 2&00

To7o RETURN

ao00  REM  ADDOVE LEVEL

gl HCZOLUOR= 5

3 OB o= B o+ ]
iF B 4 > B OTHEN GO0 8050

I35 VTAR 10:r PRINT  CHRIZ (73

G040 B o= O

050 RETURM

10000 TEXT

10005 HOME

1210 UTaR &y HTER 17

1COZ0 IF aAp = o THEN FRIKT "WRO
NE! o

10030 IF &M = 1 THEN FRINT "RIG
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HT o
11000 VTIAR 14
11010 IF Cdd) = 1 THEW FRINT ©
Ineuwlin lowers the blood o
lucose concentration.”
1oz IF COd) = 2 THEN FRINT P
Giucagon reices the blood
glucose concentration.”
11030 IF CGJy = 2 THEWN FRINT "
anticdiwretic hormone 1 ower
the blocd osmolality
v inhibiting urine forme
1on. "
1104 TF COIy = 4 THEN FRINT "
Parathviroid hormone (FPTH)
reieec the blood calocium con
rentration.”
11050 IF CdJY = © THEW FRINT M
Thyrozine increases the ba
sal metabolic rate (B
MFE: to the set level .’
11070 VTAR Z0r FRINT "14 you
h to review the ho-mone 1i
resn 1. I4 not, press
Titn to continue. "
GET RH=E
TR IEiaiio
1050 B o= %
11140 IF RH
f)i;
11110 RETURN
12000 REM HDR AXID

b
t

[

T CRHE
4% THEK GOSURE 170

1Z010 IF COdy = 1 OR COd) = & THEN

GOTO 17070
13015 GOTO 12500
IE0Z0 HTAER B: VTeB 21
120730 FRINT "G 20 F0
& SoOr
12040 NVTAE 22 HTAR Z0
12050 PRIMNT "MINUTESY
; GOTU 134600
VTARLE Zl: HTAR &
17810 PRINMT "o i
5] 4
LR VTER ZEr HTAR i
13550 PRINT "HOURS®
13600 VTAR Z3: HTAER 10
12810 PRINT "i.IME Z.ELU Z.ADH 4
LFTH D THYY
1HE20 RETURN
17000 FEM  HORMONE LIST
17010 VTak 2y HTAER 131
17020 PRINT “+x+£HORMONE LISTEExY

rJ
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17020 Winls 4 PRINT "1. THEBULIN-
lowers 1the blood glucose oo
neentraticon,”
17040 PRINT @ PRINT "2, GLUCAGON
- ratees the blcood glucose
concentration,”
17050 PRINT @ PRIMNT "I, AMTIDILN
ETIC HUORMONE (ADEDY -
depresses the blood ocsmol al
ity by intibiting urin
& formation.”
17060 PRINT ¢ FRINT "4. FARATHYE
OID HORMOMNE €FTH) ~ ralses
the blopd calcivm concentrea
ticn."
17080 PRINT @ PRINT 5. THYROZIN
E- increazes the bhawal
melaholic ratel”
17003 VTaE 21: HTRAR Z
17085 MRINT "=PRESS RETURN FOR E
EPLANATORY NOTESs"
170%0)  GUEULR 200600
17095 YTAR &
17800 PRINT ¢ BFRIMY « PRINT YRHOT
ELi The basal metsbholic rat
& iz the metabolic rate of &
perenn wWho 15 comscio
us and al rest., Trie bl ood
cemolaiity i & moasure
of the concentraia
or of solutes disscived in
the blood.”
17110 GOSLE 20000
19950 RETURR
FOONn VTEER 23 HTaE &
0010 ITNVERSE
S0020 0 PRIMNT "PRESS RETURN TO SO
o TIWUE?Y
SO0E0 NIORPFAL
0oL GET RRI
ZO0D0 KR o= ASD (RRE)
20060 IF RR A P13 GOTO 20060
20070 HOME
20000 RETURRN
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