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The volume of medical knowledge is now a thousand timeg:as;lafge as it was in 1900
and, like other scientific knowledge, it continues to grow at an exponennal rate [4]. Yet
traditional undergraduate mexical: education reniaits' committed 15 ini

basic and clinical sciences 10 its:siudents, greatly exceeding

- knowledge in a very limitod:time span (usually the ﬁmi‘*ﬁia’ya?s offmedical school). Even
. if medical students were ' somehow bsofb ‘all this miabéifal it w@dld‘not serve them well,

' taty. er oﬁhﬁdérgmduate education
Sciéncd’ wht 7 ‘w:lf‘fast a hl'bnme.

Today, most physicians pursue specialty and subspecialty training after receiving their
M.D. degrees*[2]. An alternative view of mesioal teubning’i witkéd: i¢ ‘dnsonant’ with this
present day reality, regards the undemmdua& yws ag a period of general pmfess:onal
education, the tnitatio 10 a Welong process of leaming and. development
* prerequisite fot competent cliftical practice. Thisﬁewﬁu ; been advocated by memb
* of the education ‘Comthunity [S 6], but has not had a ss;{nﬁcén?gmacton medigal sdxool
 curricuta. More recently, #f¢' Association ofAmeriqm; Medical Colleges hag calles
- mafor reform afundergmduate medical éduca on abng precnsely tlmel'lmes in thg GPEP
L Reportf'm a

If traditional medical education has become meffectual by virtue of its emphasns on
‘rapidly imparting a huge body of knowledge what does the Pappn;oach of general
professional education offer aﬁ an altematxve‘f gumﬁly stwd, altemauves 0 dlrect

knowledge acquisition are attitiides and skills whxch wﬂi ncourage anq! qugphystc&ans to

 maintain «'liféiong learting pm in otder to coge mth ﬁ:e los:ve gn;)wth of medical

£

“knowledge. A mndamm reqmreﬁ!em of such lifeloqg selfﬁuauon is an acl;ve mle on

3 ’f T

the ‘part of the Tearner. This t60 is in contrast &3 dard mcd:gal

138

whereby students are the object of counﬂess ‘hours of‘ lectum, demonsmuons. and audlo-

~ *Note that this too is (at least in parg) gmaumummmgm\vm rate of medical
science, as physicians strive. 10, aitain sampeshensive knosledge of at loust wo sl Acain. “Tiiis trend toward
mcreasmgly narrow specialization hmdm&dymwdmmﬁwnmafmepmofnwdulmmd if
unchecked, is likely to further accelesate th!s Mhth ﬁm-. g

 Spublished 74 years after the Flexaer Report, the GPERReport umu whes harblngerofeqmﬂy great
change. However it is much 100 5001 10, assess wheother such chsnge s indeed degan to dccur:
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visual or computer based tutorials which-they are expected to incorporate mtegrate and
regurgitate in rapid succession.

1.2. The Harvard New Pathway

Motivated by the issues discussed above, Harvard Medlcal School has mmated an
experimental undergraduate medical education program, the “New l’athmy [8]. The
developers of the New Pathway have proposed .a spegific. set of attitudes, skills, and
knowledge which would prepare students for lifelong pmfmonal learning. The principal
categories of these are shown in Table 1-1. The goal of the New Pathway curricutum is to
provide an environment where. the student can: acspifre: theve: attitudes, ‘skills, and
knowledge.

The detailed structure of the New Pathway. curriculun: and the criteria by which it will
be evaluated are beyond the scope of this thesis. However, it is pertment to note that the
New Pathway 18 a fiiajor ufillertiking, drawing reSources from diverse sectors of the Harvard
educational community, . The curricnium has heea undesdevelopmentsince July 1982 by a
faculty of approximately 30 persoos, with extensive input from medlcal 5?“42!}.‘3-

In September 1985, the first New Pathway group, consisting of 24 of Harvard’s 165
~ member first year medical class, was selc.tcted6 This  group, known as | the Oliver Wendell
Holmes Society, has its own fectures, tutonals, and taboratory exercises and th: vourse
material is studied by sys(em m!m than disciplime’.. C’ﬁnw Bxposur&beglns if this first

are divfded into four tutorial groups 'and there is a strong emphasu mteamwork and
cooperative learning within these, To date, the New Pathway students, faculty, and staff
have ‘been enthusiastic aboxt their experimerit ‘progtam and' "appear to have developed a
very good rapport with each other.

SEach newly accepted medical student was given the opportunity to volunteer for the New Pathway. There
were 70 volunteers from among the 165 students, and.of thess, 24 were selected-by the New Pathway faculty.

7For example, the anatomy, histology, biochemistry, and physiology of the cardiovascular system are studied
as a single block rather than being divided among sections of four different courses.
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1 Atitdes;
a. Attitudes toward patients and colleagues.
b. Attitudes towml society ltlllle.
c Amtudes to!wdhamill.
d. Afmmdes towardmssel
a. Mgm&mﬂmm
b. Obtaining, retrieving and storing information.
. Werking elfoctvely wth one'spoes i the Makh caretesm.
d. Communlcating efectively with patients,Gumilles, ad collo ;,' .
e mmmﬂmm V
f Problem solvlag

&Kmkm

...... S e T

*'c. An mdem of tlle principles of

;d.Anundersta atmmmmmﬂm
Hohﬂaﬁmmm

e. An understanding of the complex texture of knowledge and the impomnee
of detail.

udo!thmm

Table 1-1: The New Pathway: Fwndanmsofjhfmmm&mm =
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1. ocsbolary Buiding
3. Bibliographic Reference Files
4. Accﬁstw!)nh Bases
5. Simulation of Biological Phenomena
6. Clinical Problem Solviag Applications
7. Computer-Based Medical Reco!dl
8. Computer-Based Test Bink Questions .
9. Personal Reference. Fﬂu |

Table 12: Proposed Software Modules for the New Pathway

The development is being carried qut by teams composied af members of thé New Pathway

- faculty, members of.the instructional technology and:progeamming .staff; post-doctoral
fellows, and medical students taking eloctive rotations. i educationat technology: It is
envisioned that the programs. will be devclapedrwalm and nnch‘iednm scveral years
of studentuse. : ; o

1.4, Intelligent Physiologic Modellng

‘The hypothesis which motivated diis project is that cemﬁn elememx of amﬁclal
intelligence and knowledge baséd systeriid technology might be frmtﬁxlly apphed in the
construction of Module 5, Simulation of Biological Phenomena, with additional relevance to
several other categories listed in Table 1-2. Speciﬁmjly, nuz gogl was to to bunld an intelligent
physiologic modeling system for use in’this module. This system was to be r;ptelh,gent by
virtue of domain specific knowledge which was encoded into models of different aspects of
human physiology. Its value as a pedagogic tool was to be a consequence of its ability to
describe the nature of physiologic entities, to explain the selationships between them, and to

s

ascribe causality to their interactions, in additiort ¥ nurrieriéal nd dfalitative simulation of
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their dynamic behavior. The system was intended to provide support for several distinct
physiologic models which would necessarily overlap in content. This approach corresponds
to clinical physiologic reasoning and to the way in which physiology is currently taught to
medical students. It does not represent a unified description of all bodily functions.

This project has consisted of the design, implementation, and preliminary evaluation
of a Knowledge Based Physiologic Modeling System (KBPMS) arising out of the above
desiderata. The project has had a truly symbiotic relationship with the New Pathway of
which it represents but a very small part. KBPMS provided the New Pathway with an
interesting pedagogic tool, based on developments in artificial intelligence research. The
New Pathway, in turn, provided an opportunity for evaluation and refinement of KBPMS
and the computational techniques upon which it is based.



CHAPTER 2
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2, Backgl:ound and Related Woa:k

The development of KBPMS, has been base.d onmw work ia.two:major ﬁe&ds of
| endeavor computer apphmuons to edueagmgm compuies based physiologic modeling.
This cf:apter revnews some of the work in wmm describes their mlatianshlpfm this
pmject. '

2.1. Computer Applications to Education

- Computer assistad inistruetion (CAT) has been dvaitabié as an educauonal tool for over
25 years. Traditional CX1 is'an adaptation of tﬁétﬁ‘ogth:mwd leammg appmach where?ya
flowchart guides the sétident through progressivety fore dificult subject matter. Multiple
chaice questions are used &6 assess the studenis’ | P and‘ﬁ response 1o his answers,
material- may be reviewed, or the'pace of the ‘présentation “”“:&)wnoraocelemed The
smdent’smm also availaﬂe forevaiumo‘ﬁpurbosé&

A number of variations on the basic theme of CAI hitve taken plabe in severa! settings.

The PLATO system [11] was the first to moorporate graphws mpabxhtm by usmg a plasma
' vx&otape and videodisk

 interfaces have been-developedt: for the same’ pmphw ‘Tﬁé* inéreasmg avaﬂability of home
) ' : towardawide

range of age and interest groups;

Much effort has been invested in applying CAI techniques to medical education [12],
but the resulting programs have not been:widbly' integrated &8 ‘outine parts’ of medical
~curricula.  Some medical educators. feel that; this. lack, of success-has been. due to
centralization of such systemg around bmg majp! ers, ang. to.inadequate, user
interfaces [13]. They suggmt that the advgnt pf lugh QM&“"WM interfaces and low
cost m:crooomputer bsed systems will mvua.hzg,mgdieal CAL Yet tradisional CAJ systems,
in medicine as well as othex: areas, are hmucd in 3.more fuadsmental way. Their flowchart
foundations render them mﬂexlble ungblg to admyamlg adapt-to.she. needs of individual
students. Vlewed from the perspectwe of the New Pa&hwax rogram; they do notencourage
a suffi clently active role for the student in the lmmmg process. A

In response to the deﬁcnencgw of tradmonal CAI. sevg.ml ngesusamrs haveaaunpwd
to apply artifi cial intelligence technology to the task of producing intelligent tutoring
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systems {14}, Such systems, termed intelligent: CAE(IGM); akiemipt t5 be intelligent in two
different ways. First, they moorpomte oomprehenswc knowledge of the domain they are
intended to teach, and" sécond, they conitaifi“a friodel ofsmaem“behaéxor and modify their
mmemmmwwmmmtmm* derstand” * misunderstand, To

. most ICAI systems have betin ‘sppHed-in highly Stibtired dodmains such as game playmg
[15] and troubleshooting electronic circuits [16], where they have met with prelnninary
success.

GUIDON [17, 18] is an ICAI program designed 0, tessh the knowledge:encoded in
" rule based "expert systems, An initial -version. -uses the MYCIN infoctious  disease
'knowledge base [191 and thus represents the first applicaien.of IGAL 30 medical edtucation.
One of the important lmonslmmpddumsm ievelopmeny of GLIHDON was:that a set of
rules whlch provides good mplg 0 performancs be andewand for use

of restructuring the MYCIN kaowledgebmetomakeumieableforteachms purposw. This
nstheNEDMYCINprqwm}. I TETITENNEE Y S S 3

KBPMS oocumes a mxddle gmund bctwm iion: CAJ anchﬂw meree advanced
ICAI systcms. It has deep knowledge of its dnmn. Mdmmmm model the
‘student’s behavior or Ievel of .comprehension. i It s insendad, #os pravide a- flexible
“educational tool based on well established pedagogic and computatianal principles; but does

~ not address entirely new research issues in either field.

O 5<gﬁ§“f§IﬁEf o
22. Computer Based Physiologic Madeling. -
The carfiest mmw*m“  of 'physioldglc function were numerica

nnplemmtaﬁom 6f mathemﬁ&l retaiion
claborate, decriing laraemarhnmm siysology ai

nﬁ)!y qgtemuned to
Gl vF
ve become qunte

,ijeﬁ ETH Tl b

.equivalent: for respiratory physic 12Z]. " Figy

Numeric physiologic models are analogous to ﬂxe spmdshcet programs whlch have
beoomepopufarinﬂn’busines*bmnmunity ‘i’hty alk f" e user 1o

obse;ve jhe mponse to
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a given set of perturbations and are amenable to graphic présentation of results. However,
like spreadsheet programs, they are fimited by ‘their deépth of knowledge in the domain
which they are modeling. Specifically, they have no knowledge of the nature of the entities
whose behavior they describe, or of the causal mtps mm t}wn. ‘Thus they are
unable to answer such - pednswcallyerucial qmmWsomhans is,or - why
somethmg happens.

Another class of Oommlwl‘ based physmm mode& ‘has becn deve!oped by
researchets in medm! mﬁﬁm& ﬁa at ﬂumpt - infiprove the

unable m cope wntli mult!pie ra
oonﬂictmg items of phen

based . ¢xplanations of M conclusxona The’emoémg of phmm kmwledge
oompum:onai strucmm is m asa potentuﬂ Maof evémmmg these deﬁcnencm by

research: efforts were dmd at sdvammg thc
and have not, retumedﬁﬂﬁe azea of phydolmy )

ABEL [29}], a Qxamesﬁcreasonmssystem wtnch mesin ﬂwdomwn of acid-base
and electrolyte dsordea,amdes knowledge of physiologic causality in semantic network
structures. The knowiedge is mpmsented at thfee levds of dctall (tarmed clinical,
intermediate, and pathephymlog;c) but reasompz is W outat the most detaﬂed

. level. ABEL can explain its reammg in phMoglcﬁems anglm pgtenud asa teaching
tool, though it has not beea teseﬁd in masenv;mnem . :

The ubiquitous "big four”: MYCIN {19}, INTERNIST-1 [24], CASNET [25}, and Pllf [26}.
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 Several investigators ase: currently:exploring :the -encoding of knowledge ‘of various
medical domains. in different types of cauisth netwetks.: Wallls- ind“Shordiffe [30] have
production system. Long [31] has developed a causal physiologic model of cardiovascular
disease for use in diagnostic and therapeutic reasoning about angina and heart failure,
Blum [32] has devised a system for representation of empirically derived causal relationships
as a means of extraction of knowledge from a large clinical database. Kunz [33] has studied
the analysis of physiologic models for encoding in knowledge based systems. Widman
{34] has developed a representation method for dynamic causal knowledge in the domain of
cardiovascular physiology. All these efforts have, in turn, relied on more foundational work
on the representation and simulation of causality in physical mechanisms, such as that
- carried out by Rieger and Grinberg [35}, deKleer [36, 37], and others.

A similar, yet distinct, approach to physiologic modeling has developed as a
consequence of recent advances in qualitative process theory [38]. Qualitative simulation
[39] models a physiologic system by propagating constraints imposed by the mathematical
relationships among physiologic variables. The numeric values of these variables need not
be explicitly known, but may be characterized in terms of their direction and rate of change,
as well as their magnitude relative to pertinent landmarks (eg. above or below normal).
. Given an initial state and perturbations, qualitative simulation can determine all
* mathematically possible successor states, though some of these may not reflect physically
possible behaviors of the system being modeled.

NEPHROS [40] combines the ideas of causal physiologic representation and
qualitative physiologic simulation. It is a modeling system based on the propagation of
constraints through a series of gray boxes representing functional units of the human body.
The gray boxes may be either discrete entities or further decomposable into structures made
up of other gray boxes, thus implementing a hierarchic representation based on level of
descriptive detail. NEPHROS has a simple model of renal function and is capable of
reasoning about the pathophysiologic entities of congestive heart failure, the syndrome of
inappropriate antidiuretic hormone secretion, and the nephrotic syndrome.

KBPMS occupies an intermediate position in this spectrum of modeling
methodologies, analogous to its stance relative to other computer based education aids. It
incorporates the principles of numeric and qualitative simulation as well as the
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representation of causal relationships at varying levels of detail. It is capable of reasoning
about what something is and why something happens. It emphasizes the application of
these features as educational tools, over their further theoretical enhancement.
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3. Project Overview

This chapter bneﬂy summanzes the dtsagn, unplemenmmn. gqﬂ;e;valuatmn phases of
the KBPMS project. A more detaﬂed d&:nptnon of cacgl is llleg presetuedgm W 4
and'S.

3.1. Design - . ,
The design phase of this project consisted of the development of an mtelhgent
physiologic modehqgw {KBPMS)with the: following m

L Comptlatmn KBPMS is able to oompllenj madels encodis Mmtsm at‘ »
“physiologic knowietdge into intemal computational stryctures for use in carrying.,,
out its-fuhctions; < The Models are writterr in 4 unifor 'ﬁ\ﬁtﬁébmdlangum; ‘
[28], independent-of the compusational structutes answitich-thiey ‘are'mapped,
and independent of the procedural mechanisms -bywhich simulition ‘and-
explanation are carried out.

2. Simulation. KBPMS accepts perturbations to a model in any of the foltowing
forms: numerical values of paramefers, quahggv;n J<;hgltag:u:l’m&lms of
parameters, ‘o fmpaitetit 6f pfocesses.” It shows the muﬁing numerical and
qualitative perrerbiations:as they propugate thiough the Hiodel Poikswlng a
simulation fun, KBPMS can explain whya pmmm mmd. ‘ 5

3. Explanation, KBPMS T ablé 1o answer tﬁe r‘onowmg
blanks may be: ﬁl&edbymyinﬁtywkichis escrib "ina odel:
What is ? : e
What directly influences ?
Whatis dirgetly influenceddy . . - 7. .~
Does influence, __,...__3 SR
What are the mechamsmsof ‘

j whel:e thef,

- ,g e

4, Verification. When compiling a‘itiodel;. KBPMS ‘performs Rimited checking to |
ensure internal-consistency.- mmﬁm«&m&m interms
of detaﬂs of model structure in Sacnenu(mge,zo) RERL

mThough not necessarily combine.
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3.2 Implementation

The implementation phase of this pro;ect was twofold. lmt;ally, a prototype was

- constructed i LlSp‘[ﬂl for a mainframe system a the MlT Laboratory for Computer

Science. The prototype implemented most featiires of the design described above, and was

fully debugged and operational using a simple model of respiratory physiology. It had a

sufficiently powerful user interface to permit extensive testing, but lacked any.graphics or
advanced user support capabilities.

A subsequent implementation was constructed-dn’ MUMPS [10] using an HP-150
microcomputer provided by the Harvard New Pathway 13?; final 1mplementanon y
possesswall the weciﬁed dwgn mpabnlmes in f’f’ ion égu @dvamgd. ﬁ'mndly, user
mterface This mterféce feamm extensive uge oﬁamw;m and is fully
oompauble wub ather elements of. the Nmmwwm The final
version uses the same respiratory model as the prototype.

33. Evaluation

Ideally, the evaluation objectnve of this pmct xywlq have m o fuﬂy assess the
long term efkfc;cavenessof KﬂPMS agan Wna! resource. withiw thie: context of the New
. Pathway However, such conclusive and tigorous: evahidtion wil tinreéaliStically ambitious
for the limited time span of the project (approxxmately ane ){eqx)“lherefp,[e an attempt was
made at some form ofﬁm:ted but potentxaﬂy reproducible outcome measurement, with the
prior realization that the results could be considered "oft",

The evaluation phase consisted of a homewk exemiée i respiratory physiology
which was given to all New Pathway students um standard educatiunal _mgsources (class
notes, textbooks, laboratory materials, etc.). In addition, a randomly selected half of the
students also had access to KBPMS while: performing:this - ‘homework. A: brief evaluation
quiz was subsequcuuy givento all the students.: The remainder: ofthe students wére then
given access to KBPMS. All students and faculty weére encouragéd to report their opinions
of KBPMS, its major strengths and weaknesses. All participation in this evaluation
experiment was solicited on an entirely voluntary basis and one third of the 24 students
complied.

Analysis of the quiz scores of the two groups indicated that those students who had
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access to KBPMS scored approximately the same as those who had not. The mean scores
were 78% and 76% respectively with a standard deviation of 27%. Due to this very small
difference and the small sample size (n=8), these results are not statistically significant.
Student and faculty evaluation of KBPMS spanned a broad spectrum of opinions. These
ranged from those who thought the program and respiratory model were exceedingly
simplistic to those who felt they were far too complex, with a variety of comments
inbetween and no general consensus, '
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4. Methods

‘ Th:s chapter dscnbes the methods used. in mryma m the KBBMS project. It
: presents deﬁmttons of the relevant phxsaobmc CONCEPLS, - mmm .representation
Hscheme Wﬁwh Was employed. the algonthms for. carrying..out - the jmodeling - system’s
”functlons, and detads o(the evaluation strategy. MQ&MM with examﬁ!aémn
from respiratory physiology.

4.1. Definitions

The methods described below presuppose a highly simplified- view of human

physiology, one whlch may.be fylly described in.terms of perameters, processes, states and
steps. For this purpose the followmg definitions apply:

o A parameter is any potentially measurable physiologic entity. It may have any
simple or combined units and thus may be an amount, concentration, rate, etc.
(eg. tidal volume, respiratory rate).

o A process is a description of the way in which parameters interact. For example,
the process of bulk gas flow describes the interaction of the parameters:
respiratory rate, tidal volume, dead space,. and alveolar veatilation. Increased
respiratory rate increases atveolar venfilamn inemned dead space decreases
alveofar venulama. and so forth. o

o A state is a charactenzauon of the qualitative value of a pammeter (increased,
decreased or normal) or the status (active or impaired).of ‘& process. For
example, hyperventilation is a state characterized by decreased arterial pCO, (a .
parameter), and adult respiratory distress syndrome is a state associated mth

impaired alveolocapillary diffusion (a process).

¢ A step of a physiologic simulation is the set of changes of values of parameters
indicated by the. relationships described-by-a-single-process-Thus the foltowing
would each describe single steps: "Alveolar ventilation (a parameter) is
increased by increased respiratory rate (a parameter) through buik gas-flow (@ -
 process).™; "CO, excretion rate (a parameter) is decreased and arterial pCO, (a
parameter) is mcreased by increased alveolar pCO, (a parameter) through
alveolocapillary diffusion (a process)."”
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4.2. Knowledge Representation - S

Figure 4-1 describes the relationship between two parameters metabolic CO,
production viite (CO, pmd)and C‘O excretion mte‘(VCOz) I this figure, and all KBPMS
. diagrams, parasesers are fepresented by Sjuared and prodiseed aré represent iegby triangles.
The influence: of one: parameter- on" dnothier is ﬁhovﬁﬂ “‘sgiiﬂ ﬁnu with arrowheads
. indicating the direckion of the thflbence being the “”3&2 production influences

VCO, through CO, elimination (CO2 elim).

i L

P 1: A At View o CO, Bihaion
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Figure 42 shows the same- Mauonﬂﬂp it a greater level af detaxl CO jproduction
- influences arteriat pCO; (paCOY' mmgh cimﬁm CO!thranspon (€O, trang) and
,paCQZiMuemesVGG through ‘  on of pa ), regl) in series.

I TE RS igtall ‘eveh

 of detail, butanure4-2enoodmmmﬁncgmmedkmwledgemanFiguu4-l

Fiere #2: A Mors Dl i of G, Btmination

K e e R RS T

A A

C02 prod C02 trans  pal02  pC02 regl ,  ¥C02

pCOzmﬂwpmpmumofwbondmmmUMmMmspwﬁed it refers to the partial
pmureofCOdesolvedmanenal biood, also designated as anterial pCO. andpaCO Alveolar pCO
(pACOJ) is the partial pressure of CO in alveoh: gas. Unfortunately, &m widely aocepwd usage o’f
abbreviations can be somewhat confusmg.
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Circulatory CO, transport and resplrazory regulation of paCO, are the mechanisms of
CO elimination as shown in anure 4-3. These processes may, in.turn, have mechanisms
whlch we wish to ﬂmbﬂy dmcnbe suggesung a strict taxonowmy- such as. shown in Figure
410 (page 3). Here as in all other KBPMS diagrams, the taxonomic links.are indicated by -
" dashed linee, s

Figure 4:3: The Mechanisms of.CO, Eliminaijon

/\

. 002 elin ~ _

~

- .
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€02 trans pC02 regl
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Figure 4-4 is a unified representatnqn of the. .preceding three figures -and shows

influence as well as tayonomic links, Nole thgt paCQgﬁha&mfmeanmg in_terms .of the
process of CO ellmmanon and is on!y meamngful at the second taxonomm level

\&»;

RN

Figure 4-4: A Unified Wanonef@zm -

C02 prod C02 trans | IpaCO‘? | pCOE r‘ggﬁl’;_g VCO?.
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~ The following are some propemes of the repmsentanon strategy 1llustrated above The
examp!ai ai'etaken from' ngurm % 44 :md 4-10 (pagé‘zl to 33)

. Pammeters can be very d;ﬂ'erem thmgs. They are umted only by the property
that they all have a potentially measurable value. For example, respiratory rate
is routinely measurable and clinically important while alveolocapillary diffusion
rate is somewhat esoteric and quite difficult to measure, yet both are parameters.

o Processes can be very different things. They are united only by the property that
they describe the interaction of parameters. CO, elimination is a very abstract

concept while bulk gas flow is a very specific physml phenomenon, yet both are
processs.

o Processes at ﬂie same laxonomic level: nped not have the same descriptive level of
abstraction. In Figure 4-10 pulmonary gas transpon, whnch 1s a physiologic
process, is at the same taxonontic level as alveolocapillary diffusion. a physical
“process.” ’I‘ﬁ’eoiﬁyconstmnttmposedbymemmanynsmatapm
children be at a lower or equal descriptive level of abstraction than the parent.
The pertinent descriptive levels are:  pathophysiologic, physiologic,
biochemical, chemical, and physml. The summum genus process is
homeostasis,

o The representation structure is a directed-graph_in which cycles are permitied.
This type of structure might permg great MM%W@', though it may also
incur substantial computational cost. At the very least, iare_ must be taken to
avoid endless cycling whila traversing such a graph which chpcn‘bwone or more
feedback Joops.-The algorithm: which carries out: smuhuon and; circumvents
this pmall isdwcnbodm»&don‘t& ! P

° Informauon at di ﬁi’rem levels of abstmction must be con.mtem. A nemary.
though not sufficient, condition for consistency is that at any given level of
abstraction (defined by the taxonomic, rather than the descriptive, level of
abstraction of the processes involved) there must exist a path between every two
parameters which. .are. connected. by. a.path..at-highes-levels -of -abstraction. -
Intuitively, a more detailed dmnpnon must explain at lm as much as a more

. abstractone. ..
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Parameters, procésses, and states are not dlscrete entmes, rather they all have an
internal structure which may be described usitig’ ftamiés. A parameter frame describing
pCO, is shown in Figure 4-512, The type, names, descriptions, references, units, chmcal
measurability, normal-range, and physiologic-range slots contain. the. mdmd static
information. The asocxatcd-states. mﬂuaﬁnrpm Qﬁd* _f ICESSEs:
are filled from information in the state frames and process ﬁawat’the ﬁm mata model is
compiled. In the the latter two slots, the lists, gfppwm Mby thelr mxonomm
level. The default-qualitative-value and default-uumerie-value slots a
parameter values, which are then dynamically alfefec “uring simiildtion.
qualitative values are permttted nonnal, increased, decmd, funher mcreased further
decreased, increased’ towasd nonml. decmmd WG normal, and unknown. These are
discussed in Section 4.3 along with theqummmdmmanmulatemm

igures 4-5, 46, and 47 show both the LISP and MUMPS versions of the:corresponding feames. In
MUMPS, strings are used as indexes to globals (muludmd arrays) and therefore
“rglobal(model.frame,slot,index) = value™ pepressnts:the conpbmbing LISP friame construct The Figures show
a formatted version of the MUMPS frames which u\dudumiur la their USP gounmmm.
are icon and glab which are used for the graphics component of the M :

13Unfortunatei¥. influence is not a very good choice of words here. Parameters really only influence other
parameters through processes. The names of these slots seem tounplymatparannmsalsomﬂuenccpmses
per seand vice-versa. Strictly speaking, this is nol the case.
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Figure 4-5: A Parameter Frame,

(PCO2

(type: (PARANETER))

(names: ("arterial pC02" "pCO2"- “paC2h)) . T
(description: (“"partial pressure of carbon diexido 1n artorial blood'))
(referencey:. "West p. %) . o7 .

(units: (ﬂnn Hg")) v

- {elintcal-sansurabilfty: (ROUTINE})

(normal-range: (38.0 42.0)) _

(physiologic-Fange: (18.0 100.0))

(associatod states: {HYPERCAPMEA. NIL . uYPOCAPU§A))

(mnuoncinguprocn«s ((2° (CIRCULATORY-CO2- ransmr nesnnnonv coumo

~PGO2))
3 (CIRCULATORY FLOH PULHOHARY GAS EXCHAMGE))
_ (4 (ALVEOLOCAPTLEARYLBIFFUSION) YY)
(procossos-influoncod ((2 (RESPIRATORY-CONTROL-O0Ff -~ P€92))
<o - {3 (CHEMOREFLEXES))))
(default qualitltivo-vlluc (NORMAL)) -
(default-numeric-value: (40.0)))

PCO2

ASSOCIATED-STATES:  HYPERCAPNEA
NIL
HYPOCAPNEA
CLINICAL-MEASURABILITY: routine
- DEFAULT-NUMERIC-VALUE: 40
DEFAULT-QUALITATIVE-VALUE: normal
DESCRIPTION: partial pressure of carbon dioxide in arterial blood

GLAB: paCO02
ICON: .478
.666666666667
1
4
46
INFLUENCING-PROCESSES:  CIRCULATORY-CO2-TRANSPORT ,RESPIRATORY- COHTROL-OF

-PCO2
CIRCULATORY-FLOW, PULMONARY -GAS -EXCHANGE
ALVEOLOCAPILLARY-DIFFUSION

NAMES: arterial pCO2

pCO2

paCo2
NORMAL-RANGE: 38

42

PHYSIOLOGIC-RANGE : 18 :

: oL 00 ‘ i
PROCESSES-INFLYENCED:  RESPIRATORY~CONIROL~OF <PCO2Z -

CHEMOREFLEXES - :

REFERENCES: West p. 1
TYPE: parsmeter
UNITS: mm Hg
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Figure 4-6 shows a process frame describing bulk gas flow. The type, names,
description, references, teleology, and descriptivedevel-of-abstraction slots contain the
corresponding items of static information. The inﬂuencmg-parameters and' p@mmetets-
influenced slots'* contain incoming and outgoing influence finks wspecuvdy The is-a-
mechanism-of and metharisms Slots cogtaid “upward ‘and dowaward taxenomnc links
respectively. (The mechanisms slot of the bulk gas ﬂow frame.contains ‘NIL because the
mechanisms of bulk gas flow are not dwnbed in this Ml) The qugm,imive-mls slot,
contains an arithmetic expression: mpesed of iuﬂ 10l S, constanits, and a
parameter from the parameters—mﬂhemed list The quahtatxve-mles det ‘contains an
influencing-parameter, ~ qualitative algebraic. . operaters, - and:. mﬂuemu}mmmeters,
respectively. The operators may be on of the folkniing: Banotonicall, increasing (M +) or
monotonically decream M: 3 mm of ﬂ!@ge is discussed in the next
section. The default:status slot mdmtes wheﬂ\er thig ‘firocess is normially active or
impaired.

14Also misnomers in the same sense as previously indicated.
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Figure 4-6: A Process Fraine -
(BULK-GAS“FLOW
(type: (PROCESS))
(nameg: ("bulk gas flow")) :
(description: ("flow of gas volu-'s through the ttnzucqizgchial tres”))
(refersices: “Guyton pp. 464-486" "West pp. ts-lﬁ')
(telteolagy: NIL) .
(doscrfytfvo-lovol*of‘lbstrlttion (PﬂYSICAL))
(associated-states: (COMD))
(infTu&ncihg-pnrlaotors (RESPIRATORY- RATE TIDAL VOLUHE DEAD- SPACE))
(parameters inf lnenced: (ALVECUAR-VERTILATION)) - '
(is-a-mechanism-of: (PﬁtﬂOﬂﬁﬂY GAS- TRAHSPORI))
(mechanisme: MIL). .
(taxonomic-level: (5))
(Qﬂl&tiﬁtﬁivo'rulii" (({TIMES" "RESP IRATORY-RATE (DIF?ER!ﬂtE TIDAL VOLUMt D
[EAD-SPACE) ) ALVEOLAR~¥EyII§§
(quatitative-rules: ((RESPTAATORY-RATE (M+ ALVEOLA vzmwmn
| AT IDAL-NOLUME (Mo AVEOLAS VENFILATRN)) -
" (DEAD-SPACE (M- ALVEOLAR- vrnnuum;) Y
(default-status: (AGFIVE))) ! raabid

BULK-GAS-FLOW

ASSOCIATED-STATES: COPD

DEFAULT-STATUS: active

DESCRIPTION: flow of gas volumes through the trachecbrochial tree
DESCRIPTIVE-LEVEL-OF ~-ABSTRACTION: physical

GLAB: gas flow

ICON: .63128
. 166666666067
1
3
90
INFLUENCING-PARAMETERS : RESPIRATORY-RATE
TIDAL-VOLUNE
DEAD-SPACE

IS-A-MECHANISM-OF : PULMONARY -GAS ~ TRANSPORT

MECHANISMS:  NIL

NANES: Dbulk gas flow

gas flow

PARAMETERS-INFLUENCED:  ALVEOLAR-VENTILATION

QUALITATIVE-RULES: RESPIRATORY~RATE-~>M+: ALVEOLAR-VENTILATION
TIDAL-VOLUME - >M+:ALVEOLAR-VENTILATION
DEAD~SPACE->M~ : ALVEOLAR-VENTILAT ION

QUANT ITATIVE-RULES: 'ALVEQLAR-VENTILATION' = RESPIRATORY-RATE ' *( ' TIDAL-V

OLUME ' - *DEAD-SPACE' )
REFERENCES: Guyton pp. 484-486¢
West pp. 16-19

TAXONOMIC-LEVEL: &

TELEOLOGY:  NIL

TYPE: process
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Figure 4-7 shows two state frames ‘describing: Nypercapnea ‘and adult respiratory

dnstms syndrome, sespectively. They qresmaller MW«' ﬁrwss frames and

their structure is self~explanatory. Note-thist stite fraes alés ! contaii ad&fﬁptmievelof |
abstraction, and that they.may only wmw oFmime pammeter or the
. impairment.of a single process. . Allthees types:of fitnnes pemi¢ multiple synonyms in the

| m&dmwdmyd%do&mmmmmmmmmﬁmaﬁmm |
; mwpropnaseewmmbh S S

ER

Figure 47: Two State Frames
(HYPERCAPNEA . I
- {type: (STATE)) ‘ o N
(nlnos ('nyporcapngc' 'hyporclrbia' 'hypovontilltion'))

(descriptive-level-of-abstraction: (PHYSIOLOGIC))
(perturbation: (INCREASED PCO2))) .

HYPERCAPNEA

DESCRIPTIVE-LEVEL-OF-ABSTRACTION: physiologic
NAMES : hypercapnea
hypercarbia
hypoveatilstion
PERTURBATION: increased
PCO2
TYPE: state

(ARDS
(type: (STATE))
(names: ("ARDS* “aduit respiratory distress syndroms” “"shock lung"))
(descriptive-level-of-abstraction: (PATHOPNYSIOLOGIC))
{perturbation: (IMPAIRED ALVEOLOCAPILLARY-DIFFUSION)))

ARDS

DESCRIPTIVE-LEVEL-OF-ABSTRACTION: pathophysiologic
NAMES : ARDS
‘ adult respiratory distress syndrome
shock lung
PERTURBATION: impaired
ALVEOLOCAPILLARY-DIFFUSION
TYPE: state
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The examples. used above are taken from a-model-of carbowttioxide-homeostasis by
the respiratory system. . This model was. prepated  using>:Guayton’s [42) and West's
[43] textbooks of physiology, Figure 4-8 illisteates tire parssseters and- processes in- this
- model. The influence links and taxonomie links are shown'in- Figures 4-9 and 4-10
respectively. Appendix I lists the complete frameibased represstation of this model.” The
carban dioxide homeostasis modet is quite snall (11 parameters; 1} processes, and’ 10 states)
and encompasses a correspondingly limited subset of medicalty’ ‘refeviit respiratory
physiology. None-the-less, it scems reasonable to assume that a physiologic model eacoding
the sort of knowledge that we wish to teach medical students about a particular aspect of
human physiology (rcsplratory, cardiovascular, elec&blyt&s, acid-base, neuro, etc,) might be
described by models of this order of magnitude (je. less than 100 parasieters and processes).
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Figure 4-8: . A Model of CO, Homeostasis by the mmyy s,,s,em
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Figyee 49 The Respiratory Mode} ShowiogInfluenee Links
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Figure 4-10: The Respiraigry Model Showing Taxonomic Lisks -
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4.3. Qualitative Values and Operators

The semantics of the qaalitative-opetators M+ and M- ate based on the Incremental
Qualitative Algebra-of deiclesr- {37 -but severatmodifications liave Been introduced to deal
with the additional qualitative values which are not present in deKleer’s ongmat four valued
logic. The.new values are: further increased, further decreased, increased Md normal,
and decrased ‘toward normal; and ﬂmc supplement: normal, increased, decmsed. and

unknewn

The new qualitative values are somewhat imprecise concepts which encode a
combination of a parsmeter's magnitude, direction and rate of change, as weﬁ as its past
history. A parameter which mmmal and enoouﬁm an increasing influence becomes
increased. If it then amumers gncﬂ&r mmams influence it becomes furthq increased.
Subsequent increasing influences will not change the value of the furtha increased
paramegter. 1T an mgmsed or further mrm;ed paramefer encounters a decmsm influence
it becomes. decreased toward normal. ‘The nouonofhommm forces peturning a

physxoioglc system to equnhbnunris lmpligt in this last trqmtion.

F“ igure 4-11 illustrates the eamplete semantics of M-ﬁ andJ\&; For exampje, consider
the process frame describing bulk gas flow shown in F'Qure 4-6 (mge Bt comams the
- foHowing entry in its qualxtauve-ml& slot: "’5“

¥

RESPIRATORT-RRTE )M+ ALVEOLAR-VENTILATION

The semantics table for M+ in Figure 4-11 glvw the resultmg value for alveolar
venulaéon given its initial value (the pmmeter mﬂuenwd) and given thc value of
resplra!ory rate (the influencing paramet.er).
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Y - increased tovard normal

¢ - furiber decredsed-
4 - decreased tovard norsal

2 - further increased

N - norsal
4+ - increased
4 - decreased

? - unknown
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4.4. Algorithms

The aigorithms required to perform ‘the fout tasks listed umder Section 3.1 are
straightforward variations of well known gmph traversal ‘techniques. They seem quite
modest in computational cost, considering tneahﬁvdy unconstmned nature' of the data
structure descnbedabove. .

Compilation can be performed by instantiating frames for each of the entities
described by a model. Tthwbewaymwhichmﬁisdonevaﬁesdependmgonme
implementation. However, as.noted in t.he pmwseeaen the use of globa}s indexed by
strings’ m MUMPS pmv:du descnptxve power equﬁent to stmctum and pmperty lists in

. tim 15

Simulation can be per&fmed by breadth-first propagatwn of penurbatwns among
parameters as follows: - » SRR ;

1. Initialize: Set all parameter values to nonnal and the status of all processes to
active, o V,

2. Obtain, from the, user, the pemrbauons to- parameters and: tmpa:mems of
processes, Mark these accordingly and eneer the pextur%d parﬁmetms into a
FIFO parameter-queus.

3. Propagute. If there are no parameters in the pameteﬂqueue then sﬁop the
simulation. Else, for each parameter in the pargmaemeqe add all active
processes-influenced, at the lowest taxonomic fevel, tanlFOpmcm-qqeue. If
an impaired process is encouteréd thes inform. the user and stop the
snmulauon

ot

4, Hush the pammeterm

5.For each processs-in the processes-queve, if the processes has ‘non-null |
quantitative-rules and its influencing-parameters all have non-null numeric
values, then proceed numerically. me proceed qnallwtvely .

6. Flush the process-queue. Go to propagate.

15 In the following dlscussnon all éstimaus ot; Lco’mputational cost m with respect to the number of entities
described by a model, hence the number of nodes in the graph representing it.
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7. To proceed numerically: -Evaluate. each-quantitativa ntle.apd assign the resulting
value to the parameter-influenced. If the value is outside the phiysiologi¢ fange
then inform the user and stop the simulation. Else add the pammeter-
influenced to the parameter-queue. Return,

8. To proceed qualitatively: ~Evaluate. each qualitative  rule (by -applying the
semantics of the specified qualitativeioperatne) and-assign’ the: resulting valve to
the parameter influenced. If this value is not <unknown):then-add the
parameter-mﬂuenced to the parameter-queue. Return,

This breadth ﬁrst pmpagatm of pemubaﬁqns mrxh; hg pxponamal in the worst
case, but, at any given taxonomic level, there. mma,mg limited-hranching -factor
(often 1), and hence only a handful of paths to be followed. Perturbauq\qs are propagated as
numeric values o ong as they, and quanntﬁ!ive—mi&q @ tg]ﬁtc then, are. available. When
these are not available, propagation is continued on a quahtanve basis. A trace is kept of the
simulation, and, questions:of .why something happested ‘ave ansiverod’ by indicating the
influencing-process, and its influencing-parameters, whnch qnmd a parameter to change
value, along with mewmpmdingquanutaﬁamféé 4D f;“ p;gc, Emmple "In
step n, alveolar pCO, (the parameter-mﬂuenced) was mcreagd by increased FICO, (the
influencing-parameter) through lower airways gas mixing (the influencing-process).”

- L R T LR 1 U A ER
Regarding explanation, the description of parameders; processes, and states is
computationally straightforward and can be accomplished by fitling ¢ folfowing sorts of
templates:

1. What is <parametes>?

<parameter> isa phyuobmc parameter, ebe @ecrbﬁona memnd {n unitsd,
Its normal values are <lower limit> to <upper limit>, and its physiologic range is

<lower limit> to <uppes.imiv>. It is <clinioal-racabuzability> 1o meagure in most
clinical settings. Increased {parameter> is called <increased state>. Normal
<parameter> is calied <normal state>. Decreased patames . is.called <decreased
stated. Formoremhnnationﬁee(‘rel’erences) N "

it

2. What is (prooess)?

<{process is a <descriptive-level-of-abstraction) process, the <description>. It is
a mechanism of <is-a-mechanism-of>, and serves to <teleology>. It mediates the
influence of <influencing-parameters> on <{parameters-influenced>. Increasing
<parameter> [increases, decreases] <parameter>, and vice-versa.  The
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mechanisms of - (pmcws) are <mechammns> For moﬁe inﬁmnation see
{references). . :

3. What is <state>?

state is a <deseriptive-level-of-abstraction) state characterized by mncmsed.

m&W}W&WN(M Fbrmdre ’
see <reference>;, -

Explanation of static relationships!® requires an algorithm to find a path formed by
- influence links between two nodes in the directed gmp‘h repmehung a model Thxs requnm
O(n?) time mngmefonomngmarkmgalgoﬁmm i

1. Initialize: Mark the two nod&a betwe;n which apath isto bpsought, each wnh
‘ rtsownname.?ushtheeetwonodsontostackzl Creatememptystack.B

2. Itemtg. lfstaekA:semty then stop, thereisnopahbemeenmet\%noda.

‘3. For each node i in stack A (mﬂuencmg node), examine each nod9 to whlch it,has‘ ;
an mcommg or omgoing inﬂuence link (mﬂuenced node).

5)‘(‘.1

a. If the influenced node is not marked then mark it with a list of names
created by concatenating its narme to' the thsirk of the mﬂuencmg node.
-Push the influenced node ontostack B. D

b. [f the influenced node is marked and if the first name in the mark lists, of
the influenced and influencing nodes are not equal, then #°fFath has been
found. The path is described by the concatenation of the mark list of the
mﬂmcmg nodcandiﬂmm’vcml ofme markﬁ{éﬂﬁe ihﬂuemednode

5. lmetchangestwksAaadB. FlushstackB Goto me.

This prooedure may be carded out one taxonom:c level at a time in order to provide
increasingly detailed or increasingly abstract explanatnons. The limited integrity checkmg
referred to in Section 3.1 also requires verification that a path exists; at a given taxonomic
level, between two nodes. It too can be performed using this same marking algorithm.

16ﬁmswering the questions listed in Section 3.1 (What is directly influenced by, etc.).
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4.5. Evaluation. Techniques

The preliminary evalaation of KBPMS was carried out by the author in collaboration
with the director of the "Matter and Energy” segment of the New Pathway curriculum. The
performance of the final version of KBPMS and the contents of the respiratory model
described in Section 4.2 were submitted for review, and subsequently approved by him.
The author prepared a syllabus of educational objectives, a homework exercise, and an
evaluation quiz in respiratory physiology which were also reviewed and modified by the
curriculum director. These are shown in Appendix IV. The quiz contained 8 questions
which were equally divided into two different types. Type I questions (1, 3, 5, and 7) were
worded so as to be very similar to the qqestions\which might be asked of the KBPMS
program. Type II questions (2, 4, 6, and 8) were worded to avoid any such similarity.

In January 1986, during the regularly scheduled pulmonary physiology segment of the
New Pathway curriculum, the students were given the homework assignment. A randomly
selected half of the group was also given a diskette containing the KBPMS program and the
respiratory model along with instructions on how to install and use these on their HP-150
microcomputers. These students were asked to use KBPMS as an educational resource,
along with their textbooks, class notes, and laboratory material, in completing the
homework assignment. The students were not requested to hand in the homework and it

- was never reviewed or graded. All the students were fully aware of the experiment in

progress and their co-operation was solicited on an entirely voluntary basis. They were
carefully informed that the results of the experiment would in no way influence their own
evaluation in the physiology course.

Ten days after distributing the homework assignments to all students, and the
diskettes to half of them, everyone was given the evaluation quiz and asked to do it at home
without referring to any educational resources (closed-book, closed-computer). Their
collaboration was, once again, to be wholly voluntary. Following the quiz, the remaining
half of the class was given KBPMS diskettes. On several different occasions, all the students
were encouraged to submit their evaluation of the program’s pedagogic value.

One month after the quizzes were handed out to the 24 students, 8 of them had been
completed and returned. Of these, 5 came from the experimental group (those students with
access to KBPMS while doing the homework) and 3 came from the control group (those
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students who were given KBPMS only after the homework and quiz). In the same one
month period, 9 students submitted their evaluations of KBPMS.
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5. Results

This chapter presents the results of the KBPMS project. . dt describes the protatype
and final implementations of the mtelhgem physnbmc modelmg system as wcll as the
. o‘acomeoftheewumwpem e i

5.1. The Prototype Inplementatior

The prototype of the mtellvsgnt ph
" MACLISP [44] and runs on a DEC-1080 m;;me gmyu: Labamry farc:ompum
* Scienice. The prototype nnplements all of the specified design features except for. impaired
physiologic processes. It has been fully debugged and tested using the model of respiratory
physiology discussed in Section 4.2... Whea punning, that modelthe :pirotetype: provides
under two second mmaromd time for, both. simulation and. explanation: Timing studics
jndncatz that,the mapntyof omputationa memm;mmwmmmmmd

‘output fonnamng, rather. m by xbe _reasoning; . am of sthe: progmm!’,
_Approxlmately one mon;h of fuu time progi was requised to construct and

debug the prototype.

o "5 2. The Fmal xmplgmai-n
. The final version of KBPMS was constructéd in DataTree PC/MUMPS/Z 1 (DT-

- MUMPS){45] and nuns ‘on the New Paﬂfway’ﬂﬁ” 155" ﬁﬁcioomnpntcrs. It lmplements all
- of the speificd design- features (inck d pm“oeﬁa) “has been fuuy debugged

- tested, and was uséd by the'New Pathway “with the mp?ratory model shown in .
- Appendix I: When runnitig:thiit iiodel, KBPMS provi "if 030 gmd tumaround time
for simulation and 3 to 5 second turnaround for expimaﬁoﬁ i"I'im ng M&s indicate that
much of this overhead is attributable to graphics-related computation and, like the
prototype, reasoning components of the program incur relatively modest computational
cost!S. Approximately three months of full time programming effort were required to
complete the final version. Appendix II lists the instructions for using the final version of

KBPMS and Appendix I1I shows an interactive session which illustrates both its reasoning

17y should be noted that MACLISP has extremely primitive string manipulation capabilities.

 BDT-MUMPS munaing on te HP-L50 b very slow mathamaicl i mcmaﬂc frtions. These are
principally responsible for the long graphics mpamm SRLRE
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and graphics mpabilitiwm.

8.3. Evaluation Results

As mentmned prevnously, all 24 New Pam m -were - dwd to do the
evaluation quiz on a voluntary basis and 8 of them returned the completed quiz to their
instructor. Of the 8 quizzes, 5 came from the imantal.group (KBPMS: access) and 3
came from the control group (no program access). Tabb 5-1 summarizes the quiz scores for
the two groups: Thé raw MtpmmdinAppenﬂixV Type Iqu&honsarethose which
were worded to reémble: KBPMS Type by qu stiofis *are those whx:h were worded to be

:dtssrmllarmit. o

; The results shown in Table 5-1 indicaté’ that the experimental gmup soomd very
slightly higher than the control group overall, This étationship ’ﬂ&ds ror T‘ype rx qustlons
- considered alone, but is roversed for Type I uestions'cors ‘
not statistically significattt because:of the very small differences
_inferences as t0 the pedagogic "'évalaeofm&‘mafyfﬁei&ﬁévn

As indicated previously, there was a wide variety of reactions to KBPMS among the 9
students who submitted their evaluations of it. Some*®eH dhat'it ‘Was an unnecessarily
" elaborate way to teach very simple concepts. Others siated:that the material cavered was far
too advanced, or mxght be sultablg only as a final review aid rather. thap. @ prihary fearning
resource. There were several comments, that aecupied ag. intermgdiate. posision-in this
spectrum of opnmons. Appm;d;; VI m sg:gc ef thstudm cpmments-which. were
| representame of each extreme,as wélt as the mndtﬂg gmund. There. was. 80 uniform

consensus among the audems gpgmons. PR g

19quonumt;iy. several important features such .as the: uuolme fouchk mﬁw scneeu for interacdve
raphus are not amenable to presentation in this-pristed medinm.
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(all scores are %)

Experimental Control Both
T ees)  (e3) (nes)
Question Type mean s.d. = mean s.d. mean s.d.
1 I 78 24 93 12 83 21
2 11 66 42 43 40 58 40
3 I 76 18 87 29 72 21
4 II 90 10 97 [ 93 9
6 I 80 27 77 26 79 25
8 11 74 37 100 | 0 84 31
7 I 90 7 93 6 91 6
8 II 72 23 40 35 60 30
- A1l Type I Questions 80 20 83 21 81 20
“AIT Type II Questions 76 30 70 31 13 32
“A11 Questions 78 25 76 30 77 27

Table 5-1: Summary of Quiz Scom
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6. Dlscussion

Thlschaptcrbegmby describing some ot'th&stmsmsamimknmesofthe
methods used in constructing KBPMS and their ¢ffects, on the program. This is-followed by
a discussion ofﬂieoutcomenfd!eevalm experirent mdacbnsrdcmbonvfposdble
dnrecuons for futyre work sugsested by Qﬁsm Ihachapmmchm by éhwsmg
some of the nm"wchnmmplicam oFﬂns \vmk. -

6.1. The Strength‘s of KBP'MS ‘

The principal advantage of the representational system employed by KBPMS is that
the taxonomy based on processes’ levels of abstraction allows for explicit control of the
depth at which reasoning for simulation and explanation takes place. This potential has
been fruitfully exploited in the explanation section of KBPMS. This is illustrated by Figure
6-1 which shows a question being answered at several different levels of detail™’. However, -
"the potential power of the knowledge representanon has n;tmge;n fully exploited in ﬂus
. regard by the simulation section. KBPMS, Tike some of its predecessors (eg. NEPHROS
[40]), performs simulation by the propaswon.of pemlrbatm at only the most detaﬂed

taxonomic level.

The major advantage of the s:mulam,@lgomhm used in KBPMS.& its abnllty to
combine numeng and Quamanvc values. As shown by the simulation in Figure 6-2, nummc
values are used whemver they gre available and appropriate, with qualitative values being
used otherwise. “This approach is consomntmtlﬂmﬁ clinical and teaching practice whpn

only incomplete numeric data is available; 2s in nioa ml-world situations.

Another strength of KBPMS is its repmemaﬁon of physiologic entities as having
meaningful internal structure. The examination of dyis intemal structure is the basis of the
_program’s explanation capabilities. The need for sound explanations based on physnolosxc
principles-has-been one of the dﬁnngWMmt"Mﬁ vesearel; 8 discussed i Séction
2.2, Certainly the importance of explanations cannot be overlooked in a teaching setting.

The simulation and explanation algorithms described in Section 4.4 have been quite

205 interesting related point is whether the strategy of generating such explanaﬁons in a top-down manner
(most abstract explanation first), as done by KBPMS, is indeed pedagogically preferable to the inverse strategy.
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13

Figure 6-1: A Question Being Answered at Several Different Levels of Detail
Q:  What directly infloesces CO2 skcretfon rate (VCOE) T =

A1 ‘This question may be wnswered at four different levels of detail. At the
~ most abstract leval, COZ2 excretion rate ie directly inflisaced by ‘metadeiic

€02 production rate through CO2 slimination. At s more detailed level, COZ.
- excretion rate.is directhy influéncéd by sﬁarwwn&m# :ri‘ipfr'atar’y

control of pCO2. At an even more datailed lsvel. COL amctepion xste 18 ..
directly influenced by respiratofy rate and tidal volume through pulmonary gas
exchange. At an even more detailed level), CO2 excretion rate is directly
influenced by alveolar pCO2 and alveolocapillary. (02 . diffusiga rate through
alveolocapillary diffusion. RC ARG ARG )

2
we— m—————— Po—— S anaane
e ER
23 (i
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i dtingn

Figure 6:2: A Simulation Showing Miked Numeric andQualitative Capabilities

- - T o ST T I L A RS LA S T
In step 1, dead space=280 m1 (increased), respiratory rate=20 breaths per min
(increased) [io. hyporpnea] end tidal volumes3B0.m} (decPedssd) ds specified
‘by the user, ' . L o B T
In step 2, bulk gas’ f¥aew medtates 'the following fnfluence: VAsRR*(VT-wD), -
Since respiratory rate=20 breaths per min (increased), tidal.voluma=350 ml
(decreased) and dead space=250 m! (increased), therefore alveolar
ventilation=2000 ml per min (decreased) [1e. alveolar hypoventilation].
In step 3, alveolar pCO2 is increased by decraassd s)vsolar ventilation (2000
- ml-per min) -through' towsr atrway gas mfxing. '~ '
In.step 4, COZ pxgretien. rate. is Becressdd 'ami:urterisl pCOY 1s increased [fte.
hypercapnea] by increased alveolar pC02 through alveqlocapillary diffusion.
In step 6. respiratory vate ¥s fubther ncréns¥d {16 dugmentéd hyperpnea] and
tidal volume is incraased toward normal by ipcramsad: srtaeial §C02 through the

medullary chemoreflex. , , N o
In step 6, alveolar veatilation is incredssd tdward Hovmisl [te. diminisheéd
alveolar hypoventilation] by increased rosg?rn;oq;,rg;; and: increased tidal -
- valume through Quik: gés ¥tow. T R e B

In step 7, alveolar pC02 1s decreased toward normal by incressed siveslar
ventilation through lower airway gas mixing.

In step 8, CO2 excretion rate is increased toward normal and arterial pCo2 1is
decreased toward normal [1e. diminished bypercapnsa]:hy decreased alveslar
'pCO2--through atveolocagfllary diffusion. ' o i

-
) S S
RR == 4 - - N

pacoz - N
w =t -
vcoe
va -z

pACD2

1 e
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efficient in practice. The reasoning features of both the-preliminary and final versions of
KBPMS have incurred only minor, computational odsts relative to far more mundane
features of the programs, such as string mapipulation and graphics fespectively. This would
tend to confirm the iatuition that: KBPMS Is suitable for modeting severaf'overlappmg
aspects of human physiology, eadlofwhlchmlsbtbﬁm&hcmeorderofmasmwde asthe
present resparatory model.

An advanme which is closely relate(f to efficiency is the simple overall structure of
the modeling system. - This has permitted its- :mmmm ‘usitfg Mtandand programming
technolcgy (fe: an_ 1mpcraﬁve ‘procedural, pmamaung lanauaze, without - specific list
processing capabilities) following -its initiat" development and_refinement in a LISP
environment. This is an impertant comdoranon m mofﬂn resource: -and compaubihty
constraints imposed by the mncrocomputer semng 'in whlehwdn pmsram was o be
ultimately used.

Other advaﬂm of the intélligent modebng symm mch:de its abthty to
accommodate synonyms and its friendly user interface which mcorporates interactive
graphics. Together, these features greatly enhance the flexibility which seems particularly
suited' to-a learning environment. " The synonyms aré al”so appropnate to the task pf
vocabulary building which was proposed as one of the soﬁwm modulﬁ for the New
§Pathway (Table 1-2, pageG) ' :

3

6.2. The WeaknasesofKBPMs

The mest fundamental limitation of KBJ’MS is its. oSS simphﬁwnon of real
phys:ology This simplification is manifest i m several d:ffeaent way& Most important is that
the conceptual framework of parameters. processes, - states, and. steps is suhstanually
insufficient o capture the full richness of this domain. Thus KBPMS has no exphcit
description of rate limited processes, quantity thresholds, paraliel mechanisms, intéraction
of primary and seconda:y influences, and :mny other 1mponam physvolognc concepts. The
program also lacks a coherent notion .of such processes as_diffusion, bulk flow, and
electromotive i ion transport, which are a more fundamental aspect of physiology than the
body-system-specxﬁc models which it manipulatm. Processes are unrealistically restricted to
the bmary status of active or impaired, and cannot represent the typically partial or altered
functionality associated with most pathological conditions.
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Siraplification. is also a liability in both:the quantiative and quafitative simulation

meghods employed by: KBRMS. - Numerical- ‘operations are pérmitted 'on only the static

_ values of perameters,: and the: program:derefore facks ‘the:fufl d&cnphve power of a

.. differential equation mode Mmm&d Wmﬁe wpﬁmion ‘of two
+ aperators relating aight possible vilwes. - Furdiérmire; the definttio

_the distinctions hetwaen the magrtitude; direction of-éluiie: nite of chanipe, and the past

68 of these values blur

history of a parameter. Temporal relationships beyond simple ordering are entirely
ignored.

States are also greatly simplified and allow for the description of only a single
perturbed parameter or a single impaired process. In reality, a pathological state such as
adult respiratory distress syndrome is associated with a large number of such perturbations
and impairments.

The limitation of carrying out simulation at only the most detailed taxonomic level
was referred to in the previous section. A consequence of this is the program’s
inappropriate response to the impairment of processes which are at a more abstract level.
For example, if the process of CO, elimination shown in Figure 4-4 (page 23) was impaired
but the other processes shown in the Figure were active, simulation would proceed
unaffected by the impairment. A possible remedy would be to propagate all impairments
through to the leaves of their taxonomic trees. However, in this example, as in most
situations, this would merely cause simulation to stop altogcther as all pertinent processes
would be impaired.

Another weakness of the process taxonomy is that it is not really strict. A low level
process such as diffusion is a common mechanism of several more abstract ones. The desire
to maintain a strict taxonomy necessitates the somewhat contrived definition of tissue
capillary CO, diffusion, alveolocapillary diffusion, and lower airways gas mixing as distinct
entities (processes). Clearly, each of these is fundamentally the same physical phenomenon,
but that knowledge is not encoded in either KBPMS or the respiratory model.

A specific weakness of the present respiratory model, which is not an inherent
limitation of KBPMS, is the lack of separate descriptions of the arterial, capillary, and
venous portions of the systemic and pulmonary hematogenous circulations. The current
respiratory model implicitly assumes that CO2 is exchanged between the alveoli and the
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systemic arteries. This simplifying assumption leads % specific:isactuvacies i simulation.

For example, if one starts a simislation by increasing métabislid @@ipmmmﬁmie*‘s in
Flgure 6-3, then the program shows. that alveolar pCO;: (ph@)ﬁéﬁm ity 'step 6.
Each mference made from step. }.to-siep £ is-cosmsit.bist Shdresult isviot. 'The ‘model is
incomplete and neglects fo . consider. this increased . pGﬁQ&W*‘Ml& ‘henice in
pulmonary arteries and.. mﬂm which mmmw&m tm& m
pACO, : t S A
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EFS: ¢ J‘;if_‘ e

Figure 6-3:  An Incorrect Simulation

" In stap 1, metabolic coz production r;to 1s 1ncrgasod Aas spncifiud by the
In step 2. capillary pC02 is incremsad by increased:-matebolic CO2 production
rate through tissue-capillary COZ diffusion,

- In step 3, arterisi. pC02 1s. intreased [{e. hypercapnea] by increased capillary

pC02 through circulatory flow,

- In.step 4, respirdtory rate is 1ncrei:id [10 hyporpnoa] and tidal volumc is

increased by increased arterial pC02 phrough. the:mmdulldry: chemoréfiex.

In step §, alveolar ventilation is 1ncrgasod [ie. Alveolar hyperveatilation]

by increased respiratory rate snd incPesséd tida) VoYime through bulk gas
flow.

In step 6, alveoYar pCO2 1s decreased by 1ncroasod alvooiar vontilat1on

through lower. airwsy gas mixing.. SN ’

In step 7, CO2 excretion rate is 1ncrqastd anq ar;orig} pcoz is dacreased

- toward normal [ie. diminished hyporcaphtt] by dtcfoasoﬂ‘alveoiar pCOZ through

alveolocapiliary diffusion. v YUY B Y S

In:step 8, respiratory rate is docrcasoﬁ toucrd normcl ie, diminishod

hyperpnea] and tidal volume is decreased toward norma¥by decreased arterial

pCO2 through the medullary chemoreflex.

In step 9, alveolar ventilation is decreased toward normal [ie. diminished

~alveolar hyperventilation].by decretsed respiratory vate lﬁé decrdused ‘tidal

" volume through bulk gas flow.

In step 10, alveolar pCO2 i3 fncroased- toward wormal’ by Bucrctsod aTvcolar

ventilation through lower airugx gas mixing,

vT s armyans o ACSE WESTEN BREPRSE SRS
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6.3. The Evaluation Experiment

Many of the above strengths and weaknesses of KBP'MS were suspected at the start of -
this project: Less 'well understood, and therefore of greater mterst, were their potentlal
ramifications for the progran's utifity s aleAming rﬁourcc. Unfortuhatefy, even relative to
the modest objectives outlined in Section.3.3, mcawiuuan mm must be considered
unsuccessful. The meager data which. were oollectﬁd mmt ﬂmﬂ any substantive
conclusions regading the program’ s pedagustc value, The most obvious | reason for this lack
of success was the small pumber of New Bathway students whommplwd with the request
for voluntary pamcrpatmn in the homework, _exercise and - quiz. - . This somewhat
uncharacteristic lack of enthusiasm was, in turn, the eonseq\nehee of several disnnct uusu.
One cause was a severe cmwd‘m&of the. smdgm sc.heduless just. when; this. expmmant was
underway. Even given that medical students are chlpnically ove;bpr@ened. they were much
busier than usual at th&ﬁme. - \ |

A second reason for. the students’ unmhmmpmmwas the lack ofadvance
notice given to all concemed. regarding KBPMS.- ndeme enalm expcﬁmemt The
program and evaluation instruments were Tirst subvhittéd to ‘the curriculum director six
wecks before the start of the respiratory physiology course. In retrospect. a. Jead-time in
excess of six months would. have been far move.appropiate.-This-weuld have allowed

“KBPMS and the evaluation experiment to be percofa’fé"mgh and be modiﬁed by variotis
curriculum and departmental committees, thus bewmmg,a.fully m&egmtedpart ofithe New
Pathway. Instead, both KBPMS and the evaluation emcmnem were regarded by the faculgy
as last minute?!, ad hoc, add-ons. They were presented to the studcnts as such and in view
of the students’ already hmtic schedule, their ulmme response seems aitogether

appropriate.

Another disincentive to widespread use of KBPMS by tlm New Pathway students was
an operating system bug which initially-prevented some of them,.fmm loading the prograrm
onto their microcomputers. However, the most important reasons for the poor studem
response were likely. refated 1o the previously indicated weaknesses 0{KBPMS isélf. to ns
slow response umes on the HP -150, and to the overly simplistic pature of the msplratory
model. Because of these and because KBPMS had not been fully integrated into. theu‘

R S

21[n fact, the program was distributed to the students just as they completed their study of Apnlmonary
physiology and moved on to the renal segment of the course.
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curriculum, many studeats did not regard. it .as mfﬁbinadyn:elemnio“meir:immediate
learning ngeds to merit even the modest:invastrent: of time and effort: (perhaps haif an
 hour) required.to bepome. wellacuainied withiits-use. - Furshemmore;, ¥ detatled laboratory-
type exercise which might bave. "led:the students throegh®: the program’s capabilitiés was
not provided’2. Overall, insufficient attention was paid to the pedagogic and student
interface issues relating to KBPMS. The failure of this exaluation e3speriment reinforces the
importance of these i issues and suggests that they merit incwd covmderauqn in future
workofﬂmtype. S

In addition $o the small smdémrespome, there were a number of serious l‘mxtauons
in the design of the evaluation expeﬁmént’ ‘which il f& have dlmmmed the vahdlty of
its results. Even if ali 24 ma*hﬁmmm i mﬁ&sﬁﬂ fave been ‘a small
sample side, aridan unirealistically large M o wﬂi%fg avé besh reqisired for
statistical Significanced®. In- addition, with such, small, pusybem, fhe, sandom division of
students might not have resulted in an‘equmbie distﬁbuuon of talent among the two
groups. Since both the hontework and quiia: mmwmmmmc&xanm
it is difficst o know Tow many siidents reatly B E‘;ﬁnw j“ Stogram, ‘hgw many
students reatly‘completed the quiz closed- -book, and am e S

 Yet another limitation of this beleaguerod evatugtion aktenspt lay in ﬂle nature of the
* outcome. being'measaved. The goiils of meNew i‘%way Wi&é‘acg\l &amtuda.
skills; and knowiedge which right’ eﬁui’p idiang for a m &lﬁg‘ém The role
of information technology in the New Pathway is to pnmde resources to facilitate such
lifelong. learning and ta initiate: mtmoum mmmwamm to evaluate
such an effort by ieasring the isdents"kr ¢ g 3 da

using a sim&laﬁon progmm sestis irilévant of ev

modeling system 28 a small part-of adarge eduationih bxpeF gba fésunsmll

not mmwmmwm th New%ﬁ*}l

ﬁf\&;’ 3

sota qEArE en e s 7 v,@ : (e )
if s‘""m’mm“yﬁ i %ﬁ*‘ 0 i 3 0GOUMEE:its, Ongoing

221‘he homework assignment shown in Appendix IV was much (oo general for this purpose.

23 s scuming standard deviations of 20%, a difference of 11% in mean scores would have been required for
p<0.1, and a difference of 20% would have been required for p<0.01, using a one tailed t-test.
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use.and development, then: such modeling will have béen *&emonstmtcd to be a useful

» educational aid, and vice-versa. However, this-latter outlook doés hot Suggest an effective
- means of assessing preliminary progress: toward: te-uitimate education gost. - Evidently, the
: meanmgful evaluation of. mwwofmeuwm i vewwbmhhﬂ chalfenge.

64, Du'ections for Future Work

" Viewed from a s6i'r”1éwhat'more opﬁmiéﬁc perspective, the outcome.of the evaluation
experiment supports the assertion that KBPMS is at least potential(l‘y‘ exploitable as a
leammg resource and, along with the precedmg discussion.of the program’s strengths and

weaknesses, sugg&sts the followmg d1recuons for ﬁmn‘e work.

Fnhaucemm of the respiratory. model: toinchude separate deacnptions of the
arterial, venous, and capillary parts, of the systemic and pulmanary: circilations. -
It also’ seems wonhwhﬂe(oaddadﬁcnplm ofpozmaulaquandme
pertinemapwsofaciﬁi y

o Repeutlon ofamod;ﬁed m&muon axpmmwmnton@nimew better
student interface materials, and closer colla D with multiple members of
the New Pathway faculty. Evaluation of KBPMS m a d,xﬁ'erent educational
setting would also be of interest. ©

___ e Development of as authoring module to facilitate the construction of models of
other aspects of physiology. and the- construction -of. sevetal. such  models..
Card:ovascular n;nal, and endocnne phys;ology ali seem. well suited -for this

’ PUW , o

} oEnhaaeemea& ofstwmwmmwwful mpresemntion and
reasoning capabilities. The use of a diffefential cquation. modal-for numerical
slmmatksn and a QS"!M mce [39] algomhm forqualitative smulaﬁon might be
good ﬁrsﬁswps n‘l ﬂ& f

- _oThere ls.ofx;ourse. apomndlycaonnws anwntofwofk which might be
done to advance the frontiers of our.ability to understand, describe, model, and
simulate physical events in accordance with the causality which we traditionally
ascribe to them. Uitimately, Hiis might fead 10" the development of more
powerful techniques upon which one might build a more mtelhgent physiologlc
modeling system.
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6.5. Non-Technical Implications-of this ﬁojeet

This project has attempted to apply oompu [ n;quw and rnsources to the
goal of advariciing ‘thedical education withini the framework th'e'uargard New Pathway.
Although this'work has been both prellmmary and flm:ted [in scbpe it seems worthwhile to
consider sotne potential 1mpli’canms of the course whx:h we hgve begtm to Qhan. The

philosophy’” and obiecﬁm of the New Pathway were d;sqnb}d in Chapter 1 Mlght _

KBPMS' (or its subeésiors) }xmpmgc on thts phx':' ; hy or, thes _
immediate technical domain of the work ltselﬂ It ‘wouid }1 mt,!gat mtelhgem physmbgw

modeling has several such broader unplmtims and thai at least the followmg two are
dlrﬂcﬂvpemnenttothasthem I S D I

One non-technical, lmphmtlon of thts ptqeq tdatei 0. the New. Paﬂmay s objective

of teaching &anlwmdaﬁﬂhammlmmMHgKBPMSma

.‘ ire attempting mmmmm\vﬁd‘eﬁfphyslobglc

mechamsms, but also-the attitude that these. mechuritaiy 48°s ‘Fimdaimertally tmportant

aspect of medicine. This attitude is certainly concordant wnh the reductnomst traditions of
modem biomedical science® but, ai-recognizelt by the developers'

oS of the New Pathway
[8] and by the authors of the GPEP Repoﬂm l‘émﬁngﬁfcﬁ meéha’hiéms is but one aspect
“exatiple effective 7 prevehﬂ()n ‘intetvention, and
- rehabilitation for respirstory éw depébd& nbt**cn?y ‘on’ ﬁe sort of mechamstnc
| presént KEPMS modu might foster but

also on insight into the epidemiologic, sociologic, and behawouﬁ!‘aspedts of such things as
cigarette smoking, occupational exposure to pamcuhte toxms, and alrbome environmental

pollatants. OF coursé #ié teaching of rsblmry ‘physiok "wﬁh or w:tﬁout the aid of

KBPMS, in no way-preciades consideratior ofeﬁﬂeﬁiiom socrolognc or behavtouml
- aspects of medicine; aﬂdﬂmewbjemha@e&ch Béngﬁveﬁapl’acem the New Pathwayas
well as in many tradifional fedical cutriciila” Nonet ié-lesa, it seertis prudent to recognize
that this project has emphasized and reinforced but a single narrow aspect of medical
education and has entirely ignored many other, equally important, aspects of this diverse

process.

2411 fact, the current primacy of the mechanistic, reductionist, and rationalist viewpoint in medicine has been

challenged from several different quarters [46, 47, 48, 49, 50, 51, 52}, but a detailed consideration of this debate is
beyond the scope of the present discussion.
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Another non-technical implication of this: work . contems.the appropriateness of
computational metaphors for physmlogm (hvmg) entities, The p: .
and steps described in Sechon 4larea s:mple example of suc{u qptapho{ apd one whose
limitations are readily apparent. The schemauc of HUMANQ}] sl;pwn in Figuce 2:1 (page
11) repmentsamoreeiabomte example ofsuchaﬂ laphor.. How |
metaphors of this sort be extended" Guyton's Textbook Qf Medml Phys;alosy [421, one of
the references upon wfnch the respiratory modei used in thxsz roject was based, suggests
that computational metaphors of‘ human life are apphgablc mmout lumL In this current

‘ mtemauonal standard medncal text. Guyton mtmdm hls mwers . the.lr topic as follows:

"Human Physiology. In human physiology we attempt to-éxpliin-the chemical reactions that
oocurmmccdls,meuxnsmmofneweunpuhuﬁmnonepmofﬂnbodymmthcr
contraction of the muscles, reproduction, and even. the minute details of transformation of light
energy into chenical dsergy 1 éxcite the eyes, thus aliowing us 1o'seé the world. The very fact that
we are alive is almost beyond our control. for, hunget: i "MMNWWD&&’
refuge. Semhonsofooldmkeuspmvndewanmh.udom«fgm% 40,308k feilc v

. reproduce. Thus:the Natan Boing is dctually an sucoinaion, ad the Tact 1 wemaédﬂngfedh&
. and mmmmsmawmam" 22)

| Thus the humau bemg i as;tuany an autgma&gn?‘ Notonlys is this statement
preposterous but the very need to refute it supposts; Weizenbauna’s concept.of the prevalent
"madness of our times." [53] (p.227) Because of its: applicatios: of agificial inteHigence
“\techniques to human physxo!oggc simulation, the wosk.of this project:might be.construed to
somehow support such absutd notions, It is therefore impoerant:to-hoth recognize and
clearly state that it dw not,

, The above are mgmﬁcant unplmtlons whlqh extend w.ell hst the mhmed aspects
of this project and it would be mckhss to NWNWM&!@M we become

'engrossed with the detaxls ofoqrjask. As respousible profesyianals, it: behooves- us to
" oonsnder not only how, ‘but also why.and at what cos);m mmmm our work.
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7. Summary and Conclusmns

The pmmdwcnbed in thls thms MWMM ihe dastsm mpiemcnmm and
prehmmary evaluation of an intelligent. physiplogic: modaling systen: fior: use as 8 medical
' education resource. This knowledge based physiologic medeliog syatera (KBPMS) has been
developed within the context of the New Pathway, an experimental curriculum at Harvard
Medical School. The, central goal of the: New Pathwary is: o oghip fusure physicians with a
~ set of amtudm,skms.md knowledge which. will psepase:them fbr. lifelong. professional
leamms as a.prerequisits. to.competent pragtion; The moleof information technology in the
New Pat{may is to, provide resources (0. facilitate sueh. ﬁfekm m and to indtiete and
;encouragcstudgntsmdmwu& T ,

, The develoglqmt of KBPMS is. based on W werk in:application af computers
‘ toeducatlon mdmmm:b&gmmmmmmnkm
closely relawd 1o ump;gent computer assisted instruction; wiering, and coaching systems.
in"the latter field it draws on aspects of numemat -saodeling, causal : reasoning, -and
qualitative simulation,

| KBPMS is desxgned to carry out oompllatm smuhm wlmatxoa. and venﬁcanon
_of models d&cnbmg various aspects of physiology,. These models:describe physielegic

- entmm and events in 3 s:mphsnc conceptual. context madg up Of: parameters, processes,

states and steps Thc entmqs making,up a:model ans-taxonemicaily trictured by:-their level
of descnptxve detanl. The models are represented in a unifoste freme-based language and

variations of simple graph traversal algorithms are used to camry out the functions of
KBPMS.

KBPMS was originally implemented as a prototype in LISP on a large mainframe and
subsequently in MUMPS on the New Pathway’s HP-150 microcomputers. The final version
augments the prototype’s capabilities with a friendly user interface incorporating interactive
graphics. Both versions have a small model of carbon dioxide homeostasis by the
respiratory system.

An evaluation experiment was undertaken to assess the pedagogic utility of KBPMS.
A quiz in respiratory physiology was given to all New Pathway students after a randomly
selected half of them had completed a homework exercise using the program, while the
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other half of the group used standard educational sesotirces. Poor student compliance with
this voluntary experiment and numerous methodologic dlfﬁculttes precludc substantive
conclusions besed on the data-collected. Though anecdotil evidenc ﬁimg with student and
- faculty. comments, suggest that KBNS’m&ht havepowﬁnal asé l'&‘mins resouroe. that
- potential mmninsmmd. RO

The major stteugths ofKBms ificludié: the explicit reﬂiemtation of processes” levels
. of descriptive detail; combined numerie ditdquatititive simatat "”‘capabiﬂﬁﬁ, explanatory
powers, aad a simple overall structure: “The' prificipal weakniéss ‘of EBPMS is ‘gross and
occasionally misleading simplification ©f real’ phySioligy- "This project Sugpedts that ample
work remains to be done in enhancing both KBPMS:-ahid the Tespiratory ‘model, in
constructing models of other areas of physnology, in pursumg a more sophxsumted
-evaluation effort, and in déveloping néw techniques anwhich mtiwesystzmsofmlstype
might be -built, This work:s#so has sghificant nov-te “ﬁnpwons relating to the
natmeandpurpw ofmmmmasweﬁ as’mmc I /ofwmputauona!

In conclusion, the results of this project indicate that an mtelligent physiologic
modeling system can de constructéd using: thé Hmited: resbirces ofa mlcmoomputer This
_ System may be-of potentinl pedngogic value in 4 medicd mcaﬁbnseﬁing. Butxtneedstobe
evaluated in both:a carefut and ‘patient mannér; Mncﬁ "work remams o be done in
“enharicing many-uspects of the Wmﬁnd”lil ftogt "fhgi?t mm the evélving oontext of
hfdongprofmm R
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AppendixI
The Respiratory Model

The following is the frame based representation of a model of carbon dioxide
homeostasis by the respiratory system. This model was prepared using the textbooks of
Guyton [42] and West [43]. A formatted copy of the final MUMPS version is shown,

ALVEOLAR-HYPERVENTILATION

DESCRIPTIVE-LEVEL-OF-ABSTRACTION: phyl'o‘og1c‘
NAMES: alveolar hyparventiletion R
PERTURBATION: increased

ALVEOLAR-VENTILATION
TYPE: state

ALVEOLAR-HYPOVENTILATION

R L o R Yy p——

DESCRIPTIVE~LEVEL-OF-ABSTRACTION: physfologic
NAMES : alveolar hypoventilation
PERTURBATION: decreased
ALVEOLAR-VENTILATION
TYPE: state

ALVEOLAR-PCO2

ASSOCIATED-STATES: NIL

NIL

NIL v
CLINICAL-MEASURABILITY: possidle but unusual
DEFAULT-NUMERIC-VALUE: 40
DEFAULT-QUALITATIVE-VALUE:  normal —
DESCRIPTION: partial pressure of cabon dioxide in alveolar gis .

GLAB:  pACO2

ICONK: .96878
.333333333333
1
4
46

INFLUENCING -PROCESSES : PULMONARY-GAS-TRANSPORT
LOWER-AIRWAY-GAS-MIXING
NANES : alveolar pCO2
pACO2
NORMAL -RANGE : 38
' 42
PHYSIOLOGIC -RANGE : 16
100
PROCESSES-INFLUENCED:  ALVEOLOCAPILLARY-DIFFUSION
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REFERENCES: Guyton pp. 495-496
West pp. 16-17

TYPE: parameter

UNITS: mm Hg

ALVIOLAR-VEITILATIOH

--------------------

ASSOCIATED-STATES:  ALVEOLAR-HYPERVENTILATION
NIL .
ALVEOLAR-HYPOVENTILATION R e
CLINICAL-MEASURABILITY: possible but unusual oo
DEFAULT-NUMERIC-VALUE: 4200
DEFAULT-QUALITATIVE-VALUE: normal .
DESCRIPTION: rate at which new air enters the tlv.elii

GLAB: VA

1CON: .7
0
1
4
45

INFLUENCING ~-PROCESSES : BULK-GAS-FLOW
NAMES : alveolar veantilation

VA
NORMAL-RANGE: 3000
7000
PHYSIOLOGIC-RANGE : 1000
10000

PROCESSES-INFLUENCED: LOWER-AIRWAY-GAS-MIXING
REFERENCES: Guyton pp. 484-486
West pp. 15-17
7 TYPE: parameter
- UNITS: ml per min

ALVEOLOCAPILLARY-CO2-DIFFUSTION-RATE

- - . - - S - - -

ASSOCIATED-STATES: NIL
NIL
NIL
CLINICAL-MEASURABILITY: possible but unusual.
DEFAULT-NUMERIC-VALUE:  NIL
DEFAULT-QUALITATIVE-VALUE: normal
DESCRIPTION: rate at which carbon dioxide difuses accross: zhv alwooloca
' pillary basement membrane

GLAB: DCo2
ICON: 1
.B e ‘ o
1 . W
4 S
45 o

INFLUENCING-PROCESSES:  NIL

NAMES : alveolocapillary C02 diffusion rate
DCO2

NORMAL -RANGE : NIL

PHYSIOLOGIC-RANGE:  NIL
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DEFAULT-STATUS: active

DESCRIPTION: flow of gas volumes through ‘this trq;pcthachinl tree
DESCRIPTIVE-LEVEL-OF-ABSTRACTION: physical .
GLAB: gas flow

ICON: .63128
.1666660666867
1
3
20
INFLUENCING -PARAMETERS:  RESPIRATORY-RATE
: TIDAL-VOLUME
DEAD-SPACE

IS-A-MECHANISM-OF:  PULMOMARY-GAS- TRANSPORT

MECHAMISMS:  NIL .

NANES: - Bubk gas fiew

gas flow

PARAMETERS - INFLUENCED: Achoua-vtﬁ‘rLAnou

QUALITATIVE-RULES:  RESPIRATORY-RATE- >M+: ALV:OLM-VEII!LAHOI
TIDAL-VOLUME->M+: ALVEOLAR-VENTILATION
DEAD-SPACE->M- : ALVEOLAR-VENT ILATION

QUANTITATIVE-RULES:  'ALVEOLAR-VENTILATION'='RESPIRATORY- urs"( Hmu.-v
OLUME ' - ' DEAD-SPACE ')

REFERENCES: Guyton pp. 484-488 e PO - TN

lmt PP, 15 19 '

TAXONOMIC-LEVEL: " & ~

TELEOLOGY:  NIL

TYPE: process

CAPILLARY-PCO2

ASSOCIATED-STATES:  NIL

NIL

MIL
CLINICAL-MEASURABILITY: possible but unusual
DEFAULT-NUMERIC-VALUE:  MIL
DEFAULT-QUALITATIVE-VALUE: normal
DESCRIPTION: partial pressure of carbon dioxide in the systemic capilla

PREE VI TN

ry blood
GLAB: cap pCO2
ICON: .2128
.8
1
4 .
45

INFLUENCING-PROCESSES:  TISSUE-CAPILLARY-CO2-DIFFUSION. .. .
NAMES: capillary pCO2 SRR T TR T

’ systemic capillary pC0O2

cap pC02
NORMAL-RANGE:  NIL o
PHYSIOLOGIC-RANGE : NIL
PROCESSES-INFLUENCED:  CIRCULATORY-FLOW
REFERENCES: Guyton pp. 65068-507
Wost pp. 72-74

TYPE: parameter
UNITS:  mm Hg
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CIRCULATORY-FLOW

ASSOCIATED-STATES: NIL
DEFAULT-STATUS: active i
DESCRIPTION: bulk flow of hlood through the circulatory. system. -
osscnmw&zma«or-mml'm pmicu ,
GLAB: circ flow
ICON:  .3876

]

1

3

90
INFLUENCING -PARAMETERS : CAPILLARY-PCO2
IS-A-MECHANISM-OF:  CIRCULATORY-CO2-TRANSPORT
MECHANISMS:  NIL v NI b e
NAMES: circulatory flow ' . s : o

circ flow o :
PARAMETERS - INFLUENCED:  PCO2
QUALITATIVE-RULES: CAPILLARY-PCO2->M+:PCO2
QUANTITATIVE-RULES: NIL
REFERENCES: Guyton pp. 504-518

west pp., 67 -83 L R ‘;:'
TAXONOMIC-LEVEE: oyt ‘ i
TELEOLOGY:  transport metadolic substrates and byproductsethsoughon; tho
body fo R

TYPE: process

COZ2-ELIMINATION

ASSOCIATED-STATES: NIL SR

DEFAULT-STATUS:  active

OESCRIPTION: removal of the carbon dioxide, a universal -otabolic bypro
duct, from the body s

DESCRIPTIVE-LEVEL-OF -ABSTRACTION: physiaologic PO EE
GLAB: coz olim i B
ICON: . 478 e

833333333333

1

3

90

IHFLUEICIIG-PARAHETERS METABOLIC-CO2-PRODUCT ION-RATE
IS-A-MECHANISM-OF :  HOMEQSTASIS
MECHANISMS:  CIRCULATORY-CO2-TRANSPORT

RESPIRATOBY-CQUIIQL-OF PLO2 - RN
NAMES: €02 elimination = PR o C e

. €02 olim B :

PARAMETERS- INFLUENCED:  CO2- EXCRET!O! lATE
QUALITATIVE-RULES:  METABOLIC-CO2-PRODUCTION- IAIE )ﬂ*acoz EXQREIIOQ RATE -
QUANTITATIVE-RULES:  NIL
REFERENCES: NIL . T g u'we.‘ o
TAXONOMIC-LEVEL: ~ 1 e RS S
TELEOLOGY: NIL - Sy -
TYPE: process
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CO2-EXCRETION-RATE

coPD

DEAD-

NIL
NIL
NIL
CLINICAL-MEASURABILITY:
DEFAULT-NUMERIC-VALUE:
DEFAULT-QUALITATIVE-VALUE :

ASSOCTATED-STATES:

possible but unusual
NIL
normal N

DESCRIPTION: volume of COZ exhaled per unit tiio
GLAB:  VCO2
ICON: 1t

666666686667

1

4

45

CO2-ELIMINATION
RESPIRATORY-CONTROL-OF -PCO2
PULMONARY-GAS~-EXCHANGE
ALVEOLOCAPILLARY-DIFFUSION
€02 excretion rate

vCoz
NORMAL-RANGE:  NIL
PHYSIOLOGIC-RANGE :
PROCESSES-INFLUENCED:
REFERENCES: West p. 18
TYPE: parameter.
UNITS: 1 per min

INFLUENCING -PROCESSES :

NAMES :

NIL
NIL

DESCRIPTIVE-LEVEL-OF-ABSTRACTION: pathophysiologic
NAMES: COPD
chronic obstructive pulmonary disease
PERTURBATION:  impaired
BULK-GAS-FLOW

TYPE: state
SPACE
ASSOCIATED-STATES: NIL

NIL

NIL

CLINICAL-MEASURABILITY:
DEFAULT-NUMERIC-VALUE:
DEFAULT-QUALITATIVE-VALUE :

. possible but uausual
150
normel

DESCRIPTION:
eas of the lung E

GLAB: VD
ICON: .38758

0

1

4

45

71

volume of tidal gas which doos not roach gaaﬂoxchluging ar
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INFLUENCING-PROCESSES:  NIL
NAMES: dead space
physiologic dead space
vD
NORMAL -RANGE : 100
200
PHYSIOLOGIC-RANGE: 50
1000 B
PROCESSES-INFLUENCED:  BULK-GAS-FLOW : o
REFERENCES: Guyton pp. 484-408 R )
West pp. 16-19
TYPE: parameter
UNITS: ml

ASSOCIATED-STATES:  NIL
NIL
NIL :

CLINICAL-MEASURABILITY: possible but unusual
DEFAULT-NUMERIC-VALUE : .04
DEFAULT-QUALITATIVE-VALUE: normal
DESCRIPTION: fraction of inspired gas volume which s CO2
GLAB:  FICO2
ICON: .96878

0

1

4

46
INFLUENCING-PROCESSES:  NIL
NAMES: FICO2

fractionional inspired CO2
NORMAL -RANGE : .04

.04

PHYSIOLOGIC-RANGE:  MIL
PROCESSES-INFLUENCED:  LOWER-AIRWAY-GAS-MIXING
REFERENCES:  Guyton 493-494
TYPE: parameter
UNITS: %

HOMEOSTASIS

DEFAULT-STATUS: active )
DESCRIPTION:  regulation of the iaternal esviromment by a 1iving organis
n e n B B
DESCRIPTIVE-LEVEL-QF - ABSTRACTIOH: physioYogic~
GLAB:  homeostasis S cooE
ICON: .475
1
1
3
90
INFLUENCING-PARAMETERS : NIL
IS-A-MECHANISM-OF : survival
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MECHAMISMS: CO2-ELIMINATION

NAMES: homeostasis

PARAMETERS- INFLUENCED:  NIL

QUALITATIVE-RULES:  NIL :

QUANTITATIVE-RULES:  NiL

REFEREMCES: NIL

TAXONOMIC-LEVEL: @ *
TELEOLOGY: maintain those conditions vhich lrc coup&tiblo with Tife
TYPE:  sumumgenus

HYPERCAPNEA

-t - -

DESCRIPTIVE-LEVEL~-OF -ABSTRACTION: phystologic
NAMES : hypercapnaea
hypercarbia S
hypoventilation _ ,
PERTURBATION: increased : [
PCO2
TYPE: state

HYPERMETABOLISN

DESCRIPTIVE-LEVEL-OF -ABSTRACTION: ptthophyﬁoloﬂc

NAMES : hypermetabol ism - : S

PERTURBATION:  increased
METABOLIC-C02-PRODUCTION-RATE

TYPE:  state

HYPERPNEA

- -

DESCRIPTIVE-LEVEL-OF-ABSTRACTION: physiologie. -

NAMES : hyporpnesa

PERTURBATION: increased soE S
RESPIRATORY-RATE T T

TYPE: state C . s

HYPOCAPNEA

DESCRIPTIVE-LEVEL-OF-ABSTRACTION: physiologic
NAMES : hypocapnea
hypocarbia
hyperventilation
PERTURBATION: decreased
PCO2
TYPE: state



HYPOMETABOL ISM

--------------

DESCRIPTIVE -LEVEL-OF -ABSTRACTION:
NAMES : hypometabol ism
PERTURBATION: decreased
METABOLIC-C02-PRODUCTION-RATE
TYPE: state e EEE

HYPOPNEA

DESCRIPTIVE-LEVEL-OF- ABSTRACTION

NAMES : hypopnea

PERTURBATION: decreased
RESPIRATORY-RATE

TYPE: state

LOWER-ATRWAY-GAS-MIXING

L R L

ASSOCIATED-STATES: NIL
DEFAULT-STATUS: active
DESCRIPTION:
troe :

DESCRIPTIVE-LEVEL-0OF- ABSTRACTIOH
GLAB: gas mixing
1CON: .862%

.166666668667

1

3

90
INFLUENCING-PARAMETERS :

physical

ALVEOLAR-VENTILATION
F1C02
IS-A-MECHANISM-OF:  PULMONARY-GAS-TRANSPORT
MECHANISNS : NIL
NAMES: lower airway gas mixing

gas mixing
PARAMETERS~ INFLUENCED:

QUALITATIVE-RULES:

ALVEOLAR-PCO2

FIC02->M+;:ALVEOLAR-PCO2
QUANTITATIVE-RULES: NIL
REFERENCES: Guyton pp. 408-498
TAXONOMIC-LEVEL: &
TELEOLOGY:  NIL
TYPE: process

METABOLIC-CO2-PRODUCTION-RATE

- - - - - -

ASSOCIATED-STATES:  NIL
NIL
NIL

pathophysiologte °

physiblog!c

Si IR APPENDIX I

AT

mixing of 1ntrlpu1nonary gas 1n tho 10l’{ tracbuohronchjal

ALVEOLAR-VENTILATION->M- ~Afvsdtn~récz
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PCO2

CLINICAL-MEASURABILITY: possible but unusual
DEFAULT-NUMERIC-VALUE:  NIL
DEFAULT-QUALITATIVE-VALUE: normal

DESCRIPTION: rate at which carbon dioxide is produc“ by tiuuo motabol

ism
GLAB: (02 pred -
ICOM: ©
.6686606868607
1
4
46

INFLUENCING-PROCESSES:  NIL
NAMES: metadolic CO02 production rate
C02 prod L

NORMAL -RANGE:  NIL v

PHYSIOLOGIC-RANGE:  NIL = '

PROCESSES- INFLUENCED: CO2-ELIMINATION - s
CIRCULATORY- cozam
TISSUE- CAPIhtm~mml‘bl

REFERENCES:  Guyton pp. 610-811 E

TYPE: parameter

UNITS: mg per hr per sq cm body surface sres

ASSOCIATED-STATES:  HYPERCAPNEA
NIL
HYPOCAPNEA

'CLINICAL-MEASURABILITY:  routine

DEFAULT-NUMERIC-VALUE: 40

- DEFAULT-QUALITATIVE-VALUE: normal

DESCRIPTION: partial pressure of carbon dioxide in arteridl blood

GLAB: paC02

ICON: .475
.6666688580687
1. ; _
4
45

INFLUENCING -PROCESSES : CIRCULATOQY COZ TRAUSPDRT RESPIIATW*CO'TML-OF v‘ ,

~-PCo2
CIRCULATORY-FLOW, mv-cks-tm
ALVEOLOCAPILLARY-DIFFUSION

NAMES : arterial pC02

pCo2

paCo2
NORMAL-RANMGE: 38
’ 42
PHYSIOLOGIC-RANGE: 16

100 T e it
PROCESSES-INFLUENCED:  RESPIRATORY- COITlOL-Ol mz
CHENOREFLEXES

REFERENCES: West p.
TYPE: parameter
UNITS: em Hg

75
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PULMONARY -GAS-EXCHANGE

- - -

ASSOCIATED-STATES: MIL
DEFAULT-STATUS: active
DESCRIPTION: - exchange of gasses between the body and its enviromment by
the lungs

DESCRIPTIVE-LEVEL-OF-ABSTRACTION: physiologic
GLAB: gas exch
ICON:  .71878

.5

1

3

90
INFLUENCING-PARAMETERS:  RESPIRATORY-RATE

TIDAL ~VOLUME

IS-A-MECHANISM-OF : RESPIRATORY-CONTRQL~<OF -PCO2
MECHANISNS : PULMONARY-GAS-FRANSPORT : o

ALVEOLOCAPILLARY-DIFFUSION
NAMES: pulmonary gas exchange
gas exch
PARAMETERS - INFLUENCED:  CO2-EXCRETIOM-RATE
PCO2 :

QUALITATIVE-RULES: RESPIRATORY-RATE->M-:PCO2,M+:CO2-EXCRETION-RATE
TIDAL-~VOLUME ->M-: PCO2 ,M+:CO2-EXCRETION-RATE

QUANTITATIVE-RULES: NIL

REFERENCES: NIL

TAXONOMIC-LEVEL : 3

TELEOLOGY: NIL

TYPE:  process

PULMONARY -GAS-TRANSPORT

ASSOCIATED-STATES: NIL
DEFAULT-STATUS: active ¢
DESCRIPTION: transport of tidal gas between the external eavironment an
d the alveolii '
DESCRIPTIVE-LEVEL-OF-ABSTRACTION: physiologic
GLAB:  gas trans : e
ICON:  .71875
.333333333333
1
3
90
INFLUENCING-PARAMETERS:  RESPIRATORY-RATE
TIDAL-VOLUME
IS-A-MECHANISM-OF:  PULMONARY-GAS-£XCHANGE
MECHANISMS: - BULK-GAS-FLOW
LOWER-AIRWAY-GAS-MIXING
NAMES : pulmonary gas traasport :
pulmonary ventiltation F
gas trans
PARAMETERS - INFLUENCED: ALVEOLAR-PCO2
QUALITATIVE-RULES: RESPIRATORY-RATE->M-:ALVEOLAR-PCO2
* TIDAL-VOLUME->M-:ALVEOLAR-PCO2
QUANTITATIVE-RULES: NIL
REFERENCES : Guyton pp. 476-490
West pp. 11-20
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TAXONOMIC-LEVEL: 4
TELEOLOGY: NIL
TYPE: process

RESPIRATORY-CONTROL-OF -PCO2

ASSOCIATED-STATES: NIL
DEFAULT-STATUS:  active
DESCRIPTION: regulation of arterial pCO2 by the rosplratory system
DESCRIPTIVE-LEVEL-OF-ABSTRACTION: physiologic , .
GLAB:  pCO2 regl
" 1CON: .71876
.6666606686807
1
3
90
INFLUENCING-PARAMETERS: - PCOR. - -
IS-A-MECHANISM-OF:  CO2-ELIMINATION
MECHANISMS:  CHEMOREFLEXES
PULMONARY -GAS - EXCHANGE
NAMES : respiratory coatrol of pC02
‘ respiratory pC02 regulation
pCO2 regl _ ,
PARAMETERS- INFLUENCED:  CO2-EXCRETION~WATE 7 -
PCO2
QUALITATIVE-RULES:  PCO2->M+:CO2-EXCRETION-RATE M-:PCO2
QUANTITATIVE-RULES: NIL s
REFERENCES:  Guyton pp. 516-527 o
West pp. 113-127 k.
TAXOHOHIC LEVEL: 2
TELEOLOGY: maintain paC02 at & sonstant 10001
TYPE: process

RESPIRATORY-RATE

................

ASSOCIATED-STATES:  HYPERPNEA
NIL o
HYPOPNEA .
CLINICAL-MEASURABILITY: routine
DEFAULT-NUMERIC-VALUE: 12

DEFAULT-QUALITATIVE-VALUE:  normsl » o .
DESCRIPTION: rate of breathing St
GLAB: . . RR;. - e Y
ICON:  .3876 Fae e
.333333333333 C T AL
1 AR
4 ¢
46

INFLUENCING-PROCESSES:  CHEMOREFLEXES
NAMES : respiratory rate

RR PR TR ‘\' sos
NORMAL-RANGE: 10 g T S O P
PHYSIOLOGIC-RAMGE: 6
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60 B F R
PROCESSES-INFLUENCED:  PULMONARY-GAS-EXCHANGE 52
PULMONARY-GAS-TRANSPORT BRI
BULK-GAS~-FLOW
REFERENCES:  NIL
TYPE: parameter
UNITS: breaths per min

TIDAL-VOLUME

------------

ASSOCIATED-STATES:  NIL
NIL
NIL
CLINICAL-MEASURABILITY: possible but unusual
DEFAULT-NUMERIC-VALUE : 500
DEFAULT-QUALITATIVE-VALUE: normal
DESCRIPTION: volume of gas expirexd in a singtc brotﬁﬂ o

GLAB: VT T TRl
ICON: .3876 B o
.166668666887 SRy
1 BRI
4 cri
A5
INFLUENCING-PROCESSES: CHEMOREFLEXES: - i~
NAMES : tidal volume
VT o S < et R Y
NORMAL -RANGE : 400
. 600 : L
PHYSIOLOGIC-RANGE : 50 , - H

3500
PROCESSES-INFLUENCED: PULMONARY ~GAS-EXCNANSE : .
PULMONARY-GAS-TRANSPORT
BULX-GAS-FLOW
REFERENCES: Guyton pp. 480-482
West pp. 12-14
TYPE: parameter
UNITS: ml

TISSUE-CAPILLARY-CO2-DIFFUSION

e L L L L L L L L L L T T N PPy

ASSOCIATED-STATES:  NIL
DEFAULT-STATUS: active . o ean :
DESCRIPTION: passive diffusion of carbon nioxidc fro- -.taboliziny tiss
) ues to capillary blood
DESCRIPTIVE-LEVEL-OF-ABSTRACTION: chemical
GLAB: t-c CO2 diff
ICON: .06876
.5 = , ' :
1 I R B £ S RE TP b
3 : . B
80
INFLUENCING-PARAMETERS:  METABOLIC-CO2-PRODUCTION-RATE
IS-A-MECHANISM-OF:  CIRCULATORY-CO2-TRANSPORY
MECHANISMS:  NIL
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NAMES : tissue-capillary CO2 diffusion

t-c €02 diff
PARAMETERS- INFLUENCED: CAPILLARY-PCO2
QUALITATIVE-RULES: METABOLIC-CO2-PRODUCTION-RATE->M+:CAPILLARY-PCO2
QUANTITATIVE-RULES: NIL
REFERENCES: Guyton pp. 497-500

West pp. 21-30

TAXONOMIC-LEVEL: 3
TELEOLOGY: NIL
TYPE: process

79
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exact numeric value is not known (eg. body: temperature is increased).
Similarly, KBPMS will display numeric values whlnnvor possible, and
qualitative values otherwisse. - A

II. General Program Features

KBPMS 1s designed to run in several different hardware environments
and some of the following information may vary depending on the particular
implementation. However, most of thc gcnera] principlcs should apply.

The videp. displ;y is diviuadﬂiutc  four: regdow% iu t!Pﬂ% These are:
a title 1ine, a framed: graphics window,: an: unfhamed tixt window, and
a conmand ling (Softkeys sn the:HP-150). The user'&nd the program interact
by manipultt}ng the centents of :the dispiay windows udig the u?ﬁhaaumoric
keyboard, the.functien keys. and:-pointing mechakdsms (u*&oﬁii a8
touch- sonaitive display. the a!phauuuoric cursar or éoﬁn tbnbination
of thosc) .

The Qragnics uiudow may bo nanipulctnd hy tko coamtnds 1n ‘the Graphics
Options menu. The text wisdow. may :be manipulated (scrdtléd) by the commands
displayed alang with the text. For.conveaidnbe, tH¢ ‘Fous dfrtctional arrows
(up. down, left, right) and the <Next);!<Reev>; and (Tog) (1§ o'c¢lock arro-)
keys may also be used to augment thd fuaction Keys tﬁd~§o tfng mechanisms.
Thus thay. may be of aszilalncc,in scrollﬁng tbt text ﬁdndow muvinq a ‘hot-

spot,
directing the alphanumoric cursor to point tG a 3#&06! ‘or to request the
next step in a simulation. However, they are not required for KBPMS to
operate proporJy and nay Aot b&‘ﬂﬁl&lﬂ&—ﬂﬂ some 1ayfﬁuiiiitfaus.

When prompted to saloct‘a phytialoq$c entity, ‘the user may type
its name or a common abbraviatien, request a 1ist to ‘chot¥e from (by pressing
“the space bar), or point.to a symbol: displeyed in the grephics window.
The <f8> functien key may be:used:to. sxit: from mest: tbgﬁiﬁtt of the
program at any tino. whether or: nnt the. camaa%d~41ho 18 curruntly displayed.

KBPMS cau be quitl s!ov in porforuing Somu ofﬁits functfons Pleass bo ‘
patient and wait for a ‘response rather- thln eeactnding that tho program has
hung and re-booting.yeur computer.-

IIIL. Spqufig;grogram Segmadts and Commands

-==> Main Mepu <~--

- Simulatidn; ~ Allow; tha user to carry out an "exporimont“ Qy spocify1ng
& set of perturbations and obsorv#nc tho physfn?ogic
respanse to’' them.

- Explanation: Allows. the user to ask any of 'the foTYuwing questions,
: where: the blaaks may be fil1v¢*by any int1ty ﬂescribod by
the current model: =~ -
. What is ? EEEEE
. What directly 1nf1utncel T
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. What is dircectliy-influenced by ?
. Does influence ?

. What are the mechanisms of

?

Show Entities: Lists all the entities which are described by the current
. mpdel. and thair common sbhrewistions. The accmcnyfng
. dlagram {llusiratas tin: parmmeters and nroc»in. Note
that. this command m ummmmy ﬂoi

Logging Of?: " Terminates loggfng

- Logging On: Initiates logging of all textual program output to a file,
printer, or other device. :

- Graphics Options: Allows the user to magnify, shrink, scroll, and print the
, gurnntly .displayed - diagram. This: s particutarty useful

oc. oap'lu -diagrams which may bo dﬂ!ﬂeu!t to rnd 1n ’

the. Orlilary Qﬁllhdcoaviado'

- Help: o ‘Displays this 1nfmnin.
- Exit: ‘ “Lu\ms nsms '

---> Simyiation <---

KBPMS first resets all physiologic parameters to their normal values
and all physqu;c Procasses to act iwe; atatus.: it then prompts the user
to spectfy an ontJ; 1o parturh,, Jhs. eptd tan page & andacted s descrided
above (171. General. j’wgua Features). If:4be sedectedivativy. i¢ @ prowu. '
then the usoé 1s uk&d to chogse. ong. #ftwo- possibles statuses: sctive or
impaired. If' the .‘nctu satity is: 4 paremeinr. thonthe user 18 asked to
choose & qualitat ve vatue (normal increased;. or: decrelsnd) or a- numericll
value for the parameter. The user may continue ontoriug additional
perturbations, or altecing.previously. mgm oau. tmtn he" er !hoh
decides to start ’tﬁn sigulltiou‘, L. Sy o

There 13 a substpntul dﬂgy uimc t.ln prcgrn pmwts t«M ﬁumution ,
Afterwafds, the user. mgy feyiow the simulation cesglta=with: the fonov?tng :
commands: - '

- Next Step: Displays the next step of the simulation.

- Prev Step: Displays the previous step of the simulatiow.

- Why?: .., Explains why: the. wrmetMti@nn ﬁw wok ﬁaco

- Close-up Qff: ':; Tcrmiq,&os clpsceugvm.do‘v ;ffxww S g : f ‘”JI:J
- Close-up On: ~ ‘Tnjtiakes close-up: mede,. ia:whichi only. those entities

dir.ctlg,dnvoiyonxsu 0o currentisimalation step ate’
displayid in the graphics windou

& TR L P

Graphics thions. Swo as in mia mnu,~=-, 8

Summary: o Qiap]us 'y grqpuisul md tut nnury m' ‘the entm'e
~simulation run.and then returas;sa-the matd mend.
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- Main Menu: Returns to the maia ménu,

---> Explanation <---'

KBPNS'Ilkc the user to scltct one of tho lvaf?lhli fuestions and entities
to f111 in the blank(s) in the se?itﬁé&»ﬁhisti%a “Tha shlection of questions
and entities is performed as desoribed ‘sbove (IT. Gonetal Program Features).
The answer to the question may consist of tnxt lnd/or diagrnnn p@éqh are,
displayed after a short delay.

IV. How to get started

. The dcfinitions 1isted abowe (I. Introdsctian) are very important.
Please revigw them before yeu start using KBPNS K A goda way to acquaint
yourself with both the modeling system and’ a:part¥éd1ir 'model 1s to look
at the entities described by the model (<Logging On>, log to printer, G-
<Show Entities>; then be prepared teé wait, %gfs takctton is very "
slow). The summary diagram will seem hopeless) lox and 11legible at
first. Print a copy (<Graphics Options>, (Prfﬁ% aud sot it aside for
future reference. It will help things fall inte placo as you explore
different parts of the model. Go back to the main menu and turn IDQQJ
off for now. You can turn it back on at any time if you decide that
you want to keep a r.cord of ycur soa:ion L eten e

Eminu the list of: mtnﬂ&. ﬁbﬂuﬂf ﬂfpmnm uf"* parmt&r, A

one proc¢ess, and one: state that-you o sirea *iﬁiiftr &* ‘Try oa;h
of the.possible questions: to see what sort’ ¥ %%5 yrpvid-.
Now take & 1ook at spme: entities which'are new’to’ yotr. é‘t ro!y ;
. exclysivaly om: the answars: prov%dciﬁbavtho-prigrﬁi ﬂiﬁ% ﬁt suguostod
“referencas.on hand. uad use themi: ~ & o ,

Now try the. simulation feature. Sideify a sing?o peétnr Qtion. g,
an increase in one parameter. Examine each step-of th¥ Simiulation and
ask "Why?" for sach step. Try close-up mode. Carofull angino the summary

using the Graphics Qptiamns. I -the :s#iilation koéi?s % “§Atities. mitn
which you are unfamiliar, go back to explanatisi’ iﬁ&cziﬁd ﬁ&ufro about
them.

V. Exhortations e ERE L

Remembar thet KBPNS is intended ‘as & mekns Of sxploration and
experimentation. Please try to use it beyond the atrict,;ou!ians.pf your .-
assignment. If you are unsure of how: sometiWing Workd',” or whether 1t
works properly, play with it -- see what happens. Hhtt.v’r "happens”,
it is. hoped. that yow: will lsara something thp program and
the partiguiar area: n#*phytinlogyvyau are” tthdiﬁnf ik

Students, faculty, and staff -~ bo suro to report your ovnlyg;ign of .
KBPMS!|! This feedback is very important fres EVERYONE #fio NS octision
to use the program and will be the basis for future modifications.
Please report.both positive and nagative aspecti, ’K&aaf you
used the program, asd what:spectfic-changes you wbutd ¥ike to see.
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Please send these comments to Robert Kunstaetter via electronic mail
using HP-DeskManager. I can also be reached over ARPANET (RKUGMIT-MC) or
at the following postal address:

Robert Kunstaetter

Massachusetts Institute of Technology
Laboratory for Computer Scienca

545 Technology Square, Rm. 373
Cambridge, MA 02139

Have fun!
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A SAMPLE INTERACTION g7

Appendix ITI .
A Samphhtem:ﬁen

The following is a sample inweraction with musmme mﬁratory model shown
in Appendix 1. All text and diagrams shown were Wm&e pmsnm.

The following entities are known to this nodol'

Parameters:
alveolar pCO2
--> (a.k.a.: pAC02)
alveolar ventilation
--> (a.k.a.: VA) '
alveolocapiliary CO2 diffusion rate '
--> (a.k.a.: DCO2) . L P v ¢
capillary pCO2 -~ ‘ —_—
--> (a.k.a.: systemic capillary pC02)
-=> {a.k.a.: cap pCO2) .
C02 excretion rate '
--> (a.k.a.: VC02)
dead space
--> (a.k.s.: physiologic dead space)
--> (a.k.a.: VD)
FICO2
--> (a.k.a.: fractionional inspired C02)
metabolic COZ production rate
--> (a.k.a.: C02 prod)
arterial pCoO2
--> (a.k.a.: pCo2)
-=> (a.k.a.: paC02)
respiratory rato Come i

-=> (a.k.a. Rl)
tidal volume , . e T
==> (a.k.8.: V) L S . I
Processes: L R )

alveolocapillary diffusion
-=> (a.k.a,: a-c diff)
bulk gas flow
=-> (a.k.a.: gas flow)
the medullary chemoreflex
--> (a.k.a.: chemoreflex)
-=> (a.k.a.: chemoref)
circulatory CO2 transport
--> (a.k.a.: CO2 trans)
circulatory flow ]
--> (a.k.a.: circ flow) et
C02 elimination
-=-> (a.k.a.: CO2 elim)
lower airway gas mixing
--> (a.k.a.: gas mixing)
pulmonary gas oxchango
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--> (a.k.a.: gas exch)
pulmonary gas transport e ,
==> (a.k.a.: pulmensty ventilation) -~ .- *©
--> (a.k.a.: gas trans)
respiratory control of pCO2
,tf>:?*fksl¢i-R#&E&ﬁliaf!“iQOQ~ﬂicﬂ¥0*3¢W? SR
=-> (a.k.a.: pCOZ regl) o J
tissue-captllary €02 diffusion
==> (a.k.a.: t-c CO2 difr)

alveolar hyperventilation
alveolar hypoventilation
ARDS

--> (a.k.a.: adult respiratory distress syndroms)

--> (a.k.a.: shock lung) , ‘ .
COPD : SR -
=-> (a.k.a.: chronic obstructive puimonary disease)
hypercapnea

--> (a.k.a.: hypercarbis) ‘ ’ e T

-=> (a.k.a.: hypoventilation) B K
hypermetabolism .
hyperpnea
hypocapnea

--> (a.k.a.: hypocarbia)

-=> (a.k.a.: hyperventilation)
hypometabolism
hypopnea

TED

- Q¢ What is arterial pCO2?

A: Arterial pC02 (pC02, paC02) is a physiologic pargns;pgl‘tgo”pgrtial
pressure of carbon dioxide in arterial blood measured in mem Hg..Its normal
range 1s 38 to 42. Its physiologic range is 15 to 100. It.is routine to
measure in most clinical settings. Increased arterial pCB2 is called
hypercapnea. Decreased arterial pC02 is called hypocapnea. For more
information see West p. 1.
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Q:  What directly influences arterial pC02 (pC02, paCO2) ?

A: This question may be answered ‘ot three d*ffirqq; Towal; oﬁHQotail At the
most abstract level,. arterial pC02 ‘ts directly {n ,quccﬂ‘by metabolic €02
production rate through cir@ulntory-tb! trum!p&? Ind artarial pC02 through
respiratony control of pCOR. At: ¥ wore’ detaTTad Teval, arterdal pC02 1s .-
directly influenced by capillary pCO2 through circufitory flow and respiratory
rate and tidal volume through pulmonary gas exchange. At an even more detailed
Tevel, arterial pCO2 is directly influeaced by alveolar pC02 and
alveolocapiliary CO2 diffusion rate through alveolocapillary diffusion.

—ad

VT
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Q: What is directly 14nflqg,n;;gd by arterial pGa2 (pCO2, paCl2) ?

A: This question may be answared at two:.diffenent Jevels of detail. At the
most atstract level, artqﬂn ncnz uireetl:yg dnfluences CO: sxcretion rate and
arter ial PCOZ tmug?s res 1:,,1;»; ‘control of. pCOZ.: At:.a. mors detailed level,

arterfal pCO2 dirdctYy in Tuences. rnpirunﬂo,nmmzw mm m-m
the MQduﬂiry chmrmu . ; fusy o¢h @

V1
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Q: What are the mechanisms of arterial pC02?

A: ATthough this may be a reasonable question in a more general setting, it
does not really make sense in the limited context of this model. Arterial pCoO2
(pCO2, paC02) is a physiologic parameter (an entity with a potentially
masurable vaiue) and does not have any mechanisms as such. In this modeling
system only processes (defined as descriptions of the interaction between
parameters) are said to have mechanisms. For example, one might ask about the
mechanisms of tissue-capillary CO2 diffusion, which is a process. However,
asking about the mechanisms of something like tidal volume (another parameter)
or hyperpnea (a state) would not be meaningful.

Q: What are the mechanisms of pulmonary gas exchange?

A:  The mechanisms of pulmonary gas exchange (gas exch) are pulmonary gas
transport and alveolocapillary diffusion. e

i
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Q: Does arterial pCO2 influence respiratory rate? .- :

A: Yes, artgria? pC02 1inf1

chemoreflex,

APPENDIX IlI

uences respiratory rate through the medullary

RR

pal02

chenoref.
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Q: Does arterial pC02 1hfihonco mctibéiic Cszpréduéiion ratof

A: No, arterial pQﬁ{LJOQQ;Qé!¥16fi§§§cogmiﬁiﬁaliégCé&}afnddétinnWrato;

R

Q: Does arterial pC02 influence alveolar ventilationt?

A: Not directly, however arterial pCO2 influences respiratory rate through
the medullary chemoreflex and respiratory rate influences alveolar ventilation
through bulk gas flow. .

RR

YA
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Q: Does tidal volume 1nfluonce respiratory rati?

A: Not directly, howevcr tidal volume influences artgr1a1 pCQ2 through

puimonary gas exchange ‘and arteria) pCOZ 1infTuénces respiratory rate through
the medullary chemoreflex.

cheaoref gas exch

i
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Q: Does dead space influence respiratory rate?

A: - Not dirmactly, however dead space -influences alveoiar ventilation through
bulk gas flow, alvaplar ventilation influences: alveotar pC02 through lowor
airway gas mixing, alwsolar pCO2: Anflusnces arteria} pOOZ through
alveplocapillary, diffusion and arterial pco: *a?ibineo!*%t%pirltory rate
through. 4hp modqulry.choaoneflnx

chemoref . a-c diF?\§r

RR

.9as mixing

v0
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Q: What is bulk gas flow?

A:  Bulk gas flow (gas flow) is a physical process, ‘the fTow of qgs ‘volumes
through the tracheobrochial tree. It is a mechanfsm of pifwonary gas
transport. It mediates. the influence of respirstory rete, éﬂkﬁﬂ?VqVﬁho and
dead space on alysolar venttlation. Increasing riapiaitnry-rtto‘1ntrc;l.t
alveolar ventilation. Increasing tidal volume tncreases Wvedldr ventilation.
Increasing dead space decreases alveolar ventilation. The following
mathematical relationships apply: VAsRR®*(VT-VD). Impaired bulk gas flow may be
found in association with COPD. For more information see Guyton pp. 484-436
and West pp. 15-19,

V1 gas Fl

RR \ | /335 trans

T )
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Q: What is ARDS?

A: ARDS (adult respiratory distress syndrome, shock lung) 1is a
pathophysiologic state characterized by impaired alveolocapillary diffusion.

Q: What is hypocapnea?

A: Hypocapnea (hypocarbia, hyperventilation) is a physiologic state
characterized by decreased arterial pCO2.

97
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--~ Start of Simulation ---
In step 1, dead space is increased as specified by the user.
40 N
AT
enoref ac dif?\< o2
12 40
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In step 2, alveoldr ventilation is &chafod Lie. ;lk!:@d‘:lm hﬁpmnti!aﬁona] by
increased dead space through bulk gas flow,

R s R T
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In step 3, alveolar pC02 is increased by decroqud qlveohr vont.ﬂation
through lower airway gas mixfnq ' S ,




- A SAMPLE INTERACTION <101

JIn step 4, CO2 excretion rate is decressed and artertal pLO2 is increated [10
hypercapnea] by incroased alveolar. pCO2 throuph' iveolocapiilary diTtusion.’
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.In step 5, respiratory rate is incressed [ie. hyperpnea] and tfdal volume 13
increased by increased arterial p€02 threugh' The medullary chemordtlex.

_QL

1

1
i
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In atep. 6, alveolar ventilation is incressed towsrd normal [ie. diminished

alveolar hypoventilation] by increased respicatory rate and increased tidal
volume through bulk gas flow,
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In step 7, alveolar pCO2 is decreased toward normal by 1ncrnsod althtr
vontﬂation ta‘rough Tower airway gas mixing. :
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In step 8, CO2 excretion rate is increased toward normal and artertal pCO2 1s

decreased toward normal [ie. diminishad uypu'c&pmc}m dacnaud alveolar
pCO2 through alveolocapilTary diffusion.. ‘ ,
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In step 9, respiratory rate is decreased toward ncrma] [1e. d1n1n1:hcd
hyperpnea] ‘and tidal volume is decressed tcuifd norna] by dqpraasnd artertial
pCO2 through the medullary chomoroflax -

--- End of Simulation ---
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In step 2, alveolar pCO2 ts ‘{ncressed by incraased FICO2 through lower airway
gas mixing. SR R S ,

N7 T ¥ | - SR

g
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In step 3, CO2 excretion rate is decregsed and arterial pL02 is increased [fe.
hypercapnea] by increased alveolar pC0Z through alveolocapiliary diffusion.




A SAMPLE INTERACTION B

Ordinarily, respiratory rate would be incredsed [fe. hyporpﬁoga“and”'t’jdgl
volume would be increased by inceedsdd™ artérial peeR through the medullgry.
chemoreflex. But in step 4, the medullary®échédrefYex-fs infaired and_ cannat
mediate the influence of iacreased artertat pco2; ‘thetators réspiratofy rate
is unknown and tidal volume is unknowa. o
--- End of Simulation ~~- : Comans
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--- Summary Start of Simulaties.~---

Step . 1: _FICD2 is incressed and .the mndulllry cb.movofi!x is 1mpa1rnd

Step 2: Alveolar pco2 is increased. :
‘Step 3: 02 _excretion nate is. decreassd lad art.r1n% pcez is 1ner¢csod [te.
‘hypevcapnoa]

Step 4: Respiratory rate is unknown and tidal volnnn 10 unknoun

--=- End of Simulation --- o

SRa
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Appendix IV
Evaluatim f fmm

The followmg are the educational objectives, homework asslgmm.«md quiz which
were distributed to the New Pathway students, factlty, andl’staff as p; ofthe preliminary
evaluation of KBPMS.

Educational Objectives

The goal of the Respiratory Physiology V1.1 model is to
provide a medium for exploration of selected aspects of carbon dioxide
homeostasis by the respiratory system. After using this model to carry
out an appropriate homework assigment, within the framework of a
comprehensive human physiology course, students should be able to:

1) Understand, define, and appropriately use the following terms:

alveolar pCO, (pACO,)
alveolar vont1lation (VA)
alveolocapillary CO, diffusion rate (DCO,)
capiliary pCO,

Co, excretion ratc (vco,)
dead space (VD)

fractional inspired CO, (FICO )
metabolic CO, production rato
arterial pco (paco
respiratory rato (ﬁi)

tidal volume (VT)
alveolocapillary diffusion
bulk gas flow

circulatory CO, transport
circulatory flow

the medullary chemoreflex
Tower airway gas mixiag
pulmonary gas exchange
pulmonary gas transport
pulmonary ventilation
respiratory control of pCO,
tissue-capillary CO dirfusion
alveolar hypnrvontiiltion
alveolar hypoventilation
hypercapnes

hypercarbia

hyperventilation

hyperpnea

hypocapnea

hypocarbia

hypoventilation

hypopnea

2) Understand the input/output relationship of metabolic CO production
and respiratory CO excretion.
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3)

4)

APPENDIX IV

Understand the feedback loop which governs respiratory control of
€0,, the role of the variaous physiologic parameters and processes
which comprise this loop, and the central importance of paCO, and
medullary chemoreflexes.

Understand some potential sources of dysfunction in respiratory
€0, homeostasis and the clinical situations with which they may
be associated.
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The Homework Assignment

From: Dr. Hgfgiaixucth‘rigt
To: New Pathway Students
Date: January 10,-1988

Robert Kunstastter, M.D., vorMn. -un octe Iirnhtt and the
Lab of Computer Sciesce at M.I.T. has prepared: i{!puruing nodu!o
about carben dioxide bomeostasisifor the HP4is8. Ny belier 1s
that this is a very good example of the use of a computer &k &
learning tool. ¢ ask you therefore to participate
enthusiastically. in the following plan. - Althedf§h wé-are qufto
convinced that the peogram. is useful, wh GEE" -¢éatfrm “this
intuition, and find.aut -whether in Tact thes prdgrim ¥ useful to
¥ou. First you will work on & homework exerc Pié, ‘desér 1Ued vélow. '
Later (on Tuasdey or Hodntsﬂqy.; Juw. @14 Ofviﬁ)“t!WVi ﬂil! bc a
take-home "quiz™. S

In order to find out to what extent the computer program 1s
convenient and wuseful, and to what exteant it actually aids
learning, I want you all to perform a special study assigomment to
explore certain aspects of carbon dioxide homeostasis. The
problems to work on are obviously a subset of the work you are
doing in respect to the case of Mr. Allen, and closely relate to
the respiratory laboratory. Thus consider each of the following
questions. Realizing the pressure of work, I am not asking you
to write up anything for this assigament, but please give it
careful consideration none-the-less. In addition, please keep a
record .of the amount of time you devoted to varfious resources
(textbooks, 1lab material, computer program, journals, etc.) in
doing this exercise and hand this in to me.

Please consider the following six questions:

1) How does the respiratory system respond to changing amounts
of carbon dioxide in the body?

2) What physiologic pathways mediate this response?

3) If CO, homeostasts is viewed as a feedback loop, what are
the sonsors. effectors, mediators, and setpoints of this
faedback system?

4) How might the pathuays of CO, homeostasis be disrupted so
as to impair this physiologic response?

5) what will happen to respiration if you rebreathe from
closed bag? Consider a bag that initially contains 10 L
of room air. Consider the changes in its volume and the
partial pressures of CO, and 02.

6) Why does ventilation increase during exercise, and
what effect will this have on - alveolar gas tensions?

Now, regarding the evaluation of the computer program as a
learning tool. Only half of you (Groups A & B) will be given the
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computer program at this time. I ask this group to use it
extensively as an important learning resource along " ‘with your
toxts and laboratory materials. I ask both groupl to
thoughtfully go through the above homework exerciss. ;= O Yuotd&y
or Wednesday everyone will be given a take-home qa%t’ which:
intended to evaluate the your overall understandiag of" c
homeosatsis. This "quiz" should be done closed-book and shou!%
take no wmore than 1.5 .hours of your time. . It i3l in 705 “way
influence your overall evaluagion in this cowrse: fo!%iu!ng ‘the -
"quiz", the other -half of the class- vill uavo nccnsl et the
computer programs. :

If you have any qunstioas concorniag the use eﬁ thc ‘computer
program, please .coatact Robert Kunstaetter via MNP:Desk or call
him at  home. .. . Your .evaluation of .the progesm #s cruc¢fal to
our continuing Qtfcrt to provide .learning.reseurces of -this type.
Everyone should submit an-assesment :of tha prageam's “atrengths,
weaknesses, and suggestions for specific changes to Dr.
Kunstastter via HP-Desk.
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The Quiz

Please work alone and without notes, books or use of the
computer. Complete your work within 1 and a half hours, i.e.
about 10 minutes per question. Please answer each of the
following questions in one or two paragraphs:

1) What 1s dead space?

2) How do tidal volume, respiratory rats, dead space, and alveolar
ventilation interact?

3) What directly influences alveolar pC0,?

4) Arterial pCO, plays a central role in carbon dioxide homeostasis
by the respiratory system. Explain,

5) Does dead space influence respiratory rate? Explaia.

6) What would be the consequence of ]mpaircd medullary
chemoreflexes in an otherwise healthy individual?

7) Describe the physiologic events which would take place if
a healthy person was to breathe air which had a higher than
normal concentration of CO,.

8) A patient in the Intensive Care Unit is intubated, paralysed, and
being artificially ventilated with 30% 02 at a rate of 18 breaths/minute,
with a tidal volume of 750 mls and a dead space of 200 mls.
His last artertal blood gas showed: p02s70, pC0. =30, pH=7.51, [HC03]=23.
You are concerned about his respiratory nlkalosﬁs and borderline
oxygenation. You can control the patient's tidal volume and respiratory
rate by adjusting the settings on his ventilator and you can control
his dead space by adjusting the length of tubing connecting him to the
ventilitor. You coansider increasing his tidal volume to one liter but the
respiratory therapist on duty reminds you that the patient has severe
emphysema and that the increased pressure might rupture a bled in his
lung and cause a pneumothorax. What else might you do to decrease the
alkalosis and increase oxygenation?
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EVALUATION RAW DATA

evaluation quiz:

(all scores are X)

Student --->

Question Type

1 I
2 II
3 1
4 11
5 1
- 6 II
7 I
8 II
All Type 1

A1l Type II

A1l Questions

Appendix V

Evaluation Raw Data

ThefoﬂowingaremesoomofmetwogmpsofNewPathﬁaysstudentsonﬂle

EL L P T L Y TR Y

50
20
76
100
100
20
90
100

79
60

Experimental
2 3 4
90 90 100

100 20 90
§0 76 100
80 80 100

100 50 100

100 100 60
90 80 100
A0 60 80
83 74 100
83 65 80
83 69 90

50
100
76
80
80
100
90

80

90

78

Control

100
20
100

90

100
100
90
20

98
68

78

100
20
50

100
80

100
90
80

80
76

78

80
90
60
100
50
100

100

20

70
78

74
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The following are some of the New Padaway audeats commems regardmg KBPMS.

'rheyzut:unednodcmcepttthIQQ!ﬁ“denug;;,:ﬁ

KUNSTAETTER,ROBERY /7 NP/1 - HPDESK pf;ﬁt

------------ h-ho-------.b--.h---—-- —---

Message. B ) o oat.a h;gaszso st 1119
Subject: Computor tonchinh ’ Y

The CO2 program”teaded -1tﬁout a hitch, 6* lbqu; :pg groqrtc i1self.
I spent about twd hourd rudntn g the ‘aroge wasa't.really
satisfied with thé amount I mmnw %o l;i;: uaowui, the .
explanations ‘were iliz{ég. tat iﬁc itﬁ& g 3 ceally laft,ug sold.

I first spent tfmo 1n - éhi gnprqnatians :thtou,”g;gtiug artpntnd to
the terms, ‘and reléttows on ‘the big a1 grag s..igg thQ e inarchy

of processes was 1uzorn%f%ag I Usua gyA A 1ex hody -
of interralationshipy mapped out’ m:. t?;(u;; , mg;gn: Just
isn't complicated enough fuF thfy to ‘e wdr 'it,;g?;btn& & alresdy
understood a majot ity oF tﬁi fiﬁattonqpép "

ii

other Stwrl intd tits: 'hbdﬂ 14K 02,

Q " ;nﬂ;nloc&teJytﬁ
- homeostasty, Tﬂeﬂ~'w’d %tv%il&fng . utt

‘%3 Al e

e The simulations wore: féﬁstriting F1r;g,qyou can t oiuggptg,onthology

because 1mpi1r1ab 4 proceis 1ntorrbpts the £ mggatian if. 138 1n the
path of changes,  and’ 1f'the process jsp't’ ¥ t?a Q;t b.of _chapges,
impairing it doed: mhﬁg “Second, the!iRing qyutm". It

This provod te be’ ospt&il?ly d1ia¢peini1ng ‘afthe ontbring spogifﬁc ;
altered values. When I tried alteriag CO2 production values, it
was happy to call both .0000001 and 100000 normal.

In the final analysis, th; program was really beautiful, but I
think I someone could have oxplainod everything itteught me in about
ten minutes.

worked; some
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KUNSTAETTER,ROBERT / NP/1 - ﬂPBES& "4't'qg1

Message. Datqd: 01/23/88 at 1004,
Subject: rosp prog s JUNTHG
Yea, thOugh I hang m,y hud 1n sn stil% yﬂl 1 tggtuy o' the .
strengths and weaknesses ‘of the' g%ﬁ Tinall y got a chance to
really work through 1t late last night. If pressed, I will do the
exercise, but in the meantime I'd like to tel! tou what I thought

about USING it. First, I didn't find it what you might call 'user
friendly'. I mean, what is a parameter, ,ggyy,:z At. tpok, me thres: shots

at the program to understand how to et ¢ ipside of it well. .
enough to really exploit it. Second, I doa't thiak 1t is a useful

tool for learning, which isp't to say that it won't be great for

review. I prefarred the Tormat 6f the acid/base p:gpmg;!a thisg regard,
I guess I feel more comfortable when led tm'ough sxsrcise on

material which is not very clear tq me, Quce I.fiaslly.figured. ‘ut ho\l to
use the pregram; I I'reatizeq- that’ §'9r0 regl 13 i; ;lot of :ites

inside of it. Again, Kédbver,’ f da t tﬁig % <0 }2 reglly: N&VO :
used all of that tnfoif 1 ﬁsé Mj?mmu.
Also, the -tersesess ¢f the Tanguage” pftut ons mekes this
a really heavy exercise, Ao\nuﬂnq Ly mg qf Juat o Liguring
out how things‘dére said. Agetn, 1 conte ;i W’%:: gm's% W
program which, “tHaugh YeaeTf 11mf€|d ,nrq an .
accessible exsrcisé’ f indfly, "I Would recommend.
that a way be found t0 maky c éggi fd,g si "@k ;

being studted. F fountf myself w ‘tﬁg that I Iguop poresl . -
relationship between tﬁ#nﬁs‘?ﬁ front of ). 5@; s porturdiag
the works. I also wishedt T could biny, some. co ”%g gapes while
inside a simuiation. I realize tHht some of My problems uight have
_something to do with my not feeling comfortable. with.or. updarsianding .
how to mbve around 1nﬂdt of ’tho prggrlg. bul that.may.be 2 gosien
problem to comsider as well. Ahyway, 1 hope those ﬂ!‘l’lglgi . #0me
value to you.-I: apo‘loghﬁ Yor not ggjn “the, s; accomodeting- n
helping out with*the’ tésting of the proqiaﬁ hope that my comments

here accomplish somthing aloaq the Hn;; gf gbgtt,megn;;ugprutod

in hearing lbout
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KUNSTAETTER,ROBERT / NP/1 - HPDESK print.

Message. Dated: 01/23/88 at 2358.
Subject: Respiratory.

I finally get to you on the Respiratory
program. My initial impression was that it
wasn't particularly valuasble. I felt that the
model was not teaching me anything that I didn't
already know and that the format was somewhat
forced. Then I finally found the time to take
the exam, and here are my new thoughts.

First of all, I was irritated about having
to spend the time on the exam, but it turned out
to be a wonderfully integrating experience for me.
It forced me to organize what I had Tearned and
identified what I had not. Interestingly, as I
thought about answering the questions, the simula--
tion diagram k popping ia my head and it helped
me to very clearly plan the flow of iy ideas. I
now realize that the repetition was more valuable
than I had suspected! I was unclear about the
role of peripheral chemoreceptors, howaver, and
am not sure that they were included in the program.

Learning by computer certainly is fun and a
pleasant break from the more passive reading. Good
Juck in future development. It is unlikely, however,
that any given program will be equally helpful to all.
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