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III. APPLICATIONS OF THE SOCRATIC SYSTEM

The system was {irst applied, primarily to fascilitate

debugging the program, to a simple letter-guessing game,
Exhibits of some plays are reproduced in Appendix A,

It was next applied to a set of problems in electronic
trouble-shooting. In this application the object was €o simulate
a2 rote learning situation with minimal fesedback, i.e., the
interest was in drilling toward a fast response rather than in
providing insights into the logic of electronic cirecuit
operation. Some of the trouble~shooting runs are shown in
Appendix B.

The most recent, and most significant, application
of the system was to medical diagnosis., This application
illustrates some of the potentlialities of the system in a
complex setting. It required about 20-30 hours of a dosctor
and a programmer jointly to set the specifications for the
case, including the pedagogic strategles; about 60 hours to
compose the English prose with the care that we thought
requisite; and about 30 hours of programming time to put
in the data which control the interaction. Two runs of the
medical case are exhibited in Appendix C.
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VOCABULARY FOR MEDICAL CASE I

QUESTIONS

Physical Exam?

abdominal exam?

chest exam?
auscultation?
localized tendermess?
percussion?
respiratory excursion?

eent exam?
distension of neck veins?
stiff neck?

general appearance?
backache?
contact with birds?
cough?

heart exam?

musculo-skeletal system?
extremities?

neurological exam?
rectal exam?

vital signs?
blood pressure?
pulse?
respiratory rate”
temperature?

Laboratory Reports?

differential?

esr?

hemoglobin?

rbe?

wbe?

urine exam?

X-ray?
evidence of fluid?
lateral?

blood culture?

nose and throat smear and culture?

sputum culture?
sputum smear?

urine culture?



VOCABULARY FOR MEDICAL CASE I

DECLARATIONS
acute pyelonephritis. evidence from blood culture.
appendicitis, evidence from abdominal exam.
friedlander pneumonia. evidence from blood test analyses,
influenza. evidence from chest exam.
mild upper respiratory evidence from eent exam.
infection.,
pleural effusion. evidence from heart exam.
pneumococcal pneumonia. evidence from ms system.
primary atypical pneumonia. evidence from neurological exam.
psittacossis, evidence from nose and throat
smear and culture.
pulmonary infaretion. evidence from rectal exam.
staph pneumonia. evidence from sputum smear and
culture,
strep pneumonia. evidence from urine analysis.

tb pneumonia.
the grippe.

viral pneumonia.

yes,
no,

proceed,

evidence from urine culture.

evidence from x-ray findings.

positive evidence of another
disease.

possible evidence though
inconclusive.

complications,
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vosabulary equivalents., In the latter case, a procedure
which simply presented the stimulus-response pair was as

ef 'ective a3 two procedures which presented the pair and
required cupying of the response, and these three procedures
were superior to three procedures involving anticipation and
confirmation (interrogation, response, and feedback). This
result was obtained despite the fact that waste motic. was
introduced into the simple observation precedure in order to
equete trial time, thus reducing the additional effectiveness
of the simple preocedure that is naturally galned by presenting
more trials in a given practice period.

It 1s probably tco scon to conclude with any
sonvietion that al. materials in 2 paired-associate "orm
suffer from the usual techniques of avtomated instruction,
but we have regarded the evidence as a strong push to
redirect our own efforts in the field of programmed learning.
However, that may be, it should be clear that we were also
positively inclined te examine the learmning of complex
concepts; we bellevad that a2 computer could be programmed
to be of substantial value in aiding the learning of subject
matter not easily reduced to pairs of elements,
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Appendix E. Compiler Design Considerations

There was not suffizient time under the projeet for
writing a compiler program to facilitate input of problem
data. However, preliminary design considerations have been
worked out and are summarized now,

The compiler would be composed of three rov-i,es:
for input of the vocabulary, of the possible computer output
sentences, and of the condition-statements. The first two
routines exist in part. A preliminary version of the first
routine has been written and was used, in the medical
application, to input the vocabulary of terms for the case
under study,

The second routine would accept English sentence
inputs, including some with short reference names (labels),
provide names for internal reference for use by the third
routine, and store the sentences for retrieval at run time.
Substantial parts of the programming for this routine exist
already.

The third routine would translate condition-statements,
stated in conveniently abbreviated English, into the ootal codes
required for the lnternal operation of the program.

We would also like to develop an on-line ccupiler
program. This program would be made cognizant, as it
operates, of relationships among the data it is receiving.
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Our objective is to enable the system, during the input
process, to communicate information bask to the teacher as
he is inserting condition-statements. The system might be
able to aid the teacher considerably by commenting on the
completeness and consistency of the problem data.
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Appendix F, Studlies of Alternative Systems

Our goal was to facilitate computer-aided teoaiching
with very complex problem materials., To accomplish this we
instrumented a system that can accept very complex directions
about the conditions which determine the response of the
computer to the input from the student. The resulting system
is very general in that any contingency, defined by the
student's total or partial behavior in the course of his
actions, can be recognized and utilized to effect a response.
The cost of this generality is the specificity required for
explicating all the contingencies of interest.

There are two ways to reduce this cost--by the use
of compiling programs that can accept and expand significantly
smaller numbers of directions than required presently, or by
devising systems that have explicitly incorporated into them
conditions for recognizing particular contingencies of
interest. Compilers have been considered in Appendix E. Ve
now review the status of the work on a system alternative to
the one we implemented.

The alternative system we have considered (really
several variations of a single scheme) is designed to
explicitly incorporate a set of logical condition recognizers.
It is aimed at treating problems for which the solution
strategies are adequately descoribed by the standard categories
of deductive inference--redundancy, necessity, sufficiency,
consistency, and the like. Thus, it is less general than the
system we have implemented. The intereat in it lies in the
savings that may be achieved in the time to prepare a problem,
for those problems to which it is applicable.
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The basic assumption underlying the altermative
version is that a problem may be completely characterized by
a matrix of characteristios (represented by questions) versus
possible solutions (represented by declarations). TIts
operation is based on the observation that every time a
question 1s answered the number of solutions still possible
is reduced (though perhaps by zero). The idea is to incorporate
programs that are executed, following each input of the student,
to determine for any question whether it is logically redundant,
for any declaration whether is it logically consisten’ with
known information, and so on. The system, knowing the set of
possible solutions at any point, can answer guesses by muggesting
alternative _ossibilities consistent with kmown information.
Knowing which question is optimal, in that it minimizes the
number of solutions remaining at that point, the system may
comment on the "goodness" of questions. Other similar logical
contingencies can be included.

Using this version, the input information for a
problem is the matrix of characteiistics of possible solutions.
In the more general version, the major input is the set of
condition-statements, For those problems that can be treated
with both versions, the question of ease of input is primarily
determined by ccaparing the size of the matrix with the number
of condition-statements.

This determination has not as yet been made for
particular problems. It should be noted that the conclusion
will not obviously favor the matrix--there may be problems for
which the total set of characteristics for che false solutions
need not be explicated as input to the more general version,
whereas the matrix must always be completed, and it may be quite
large,
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Thus far our expeoctation is that there are problems
for which the alternative version is nicely suited, threre are
prchblems for which the general version is preferable, and
st111 others where the general version is required (such as
the application to medical diagnosis illustrated in Appendix
c).

This question may be of much less interest in the
future when the general version is supplemented by a suitable
compiler. The relevant comparison for the matrix, then, will
be with the statements of a problem-description languagze that
is more natural and powerful than the current condition-statement

language.
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