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I. Plml'ACE 

rl'hie is the tinal technical report or a project 
st.p .orted by the Wright Air Development Division or the u.s. 
Air Poree. The aim or the project was to develop a computer 
system that will serve as a teaching aid 1n the formation or 
complex conceptso 

The system that was devised, oalle<l the "Sooratio 
System," is described 1n Sections II and IV. Appl1oat1ona ot 
the system are described 1n Section III and illustrated 1n 
Appendices A, B, and o. Associated 1tudie1 are diaouaaecl 1n 
Appendices D, E, and,. 0ur oonoluaiona are stated in 
Section v. 

The authors acknowledge the considerable technical 
support received trom several fellow starr members at 
Bolt Beranek and Newman Inc., 1n particular: Myra Breen, who 
accomplished some much-needed utility programming tor the system 
and ably assisted 1.11 preparing the el Jctronio trouble-shooting 
and medical applications; Dr. Preston M\mter or the Harvard 
tJnivers1ty Health Center, a consultant to the project, who 
designed the medical case problem; Dr. Alfred Kristorreraon, 
who designed the electronic trouble-shooting problems; and 
Dro 'l'homas Mar111, who designed an alte11nat1ve version ot the 
system and consulted during the early period or the research. 
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IIo GENERAL DESCRIPTION OP 'l'HE SOCRA'l'IC SYS'l'BM 

The major objective ot the initial work was tc ahow 
that highly complex subject matters cO\lid be etreot1vely 
treated through automated instruction by properl1 exploiting 

-~ the logical ~!J_er or a computer_, 

The resulting computer program, the Sooratio Srstem 
(Swets, Feurze1g, Harris, and Ma.rill, 1963; Peurzeig, 1963), 
states a problem to a student and engages him 1n a1gnit1oant 
"conversation" while he attempts to solve the problem. The 
instruction at the computer console begins aa the computer 
types out the statement or the problem. The student 1a allowed 
considerable freedom 1n his approach to solving the problem--
he oan specify the information he wants when he wants it and 
he can make assertions as to the solution whenever he wiehea. 
He asks questions and makes declarations via the same oonaole 
typewriter that the computer system uses tor the oommun1oationa 
that it initiates. The vocabulary or possible questions and 
declarations relating to the problem can be or considerable 
size. 

The system keeps a record or the student's questions 
and declarations, and or all the information the student baa 
been given. The system also has information epecitying ita 
own responses, conditionally, as a function or the etudent'a 
past and current behavior. Each computer response depends 
not only on what was just ea:td but on everything that went 
before. 
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'lbus, the s1st,m can respond to the student's 
questions and deolarat1ons 1n the manner or a personal tutor-­
answering good questions, reproving roolish oonoluaions, 
aclcnowledg:tng perceptive decisions, questioning the grounds 
or inference, and so on, 'l'he pedagogic strategies are open; 
they a.re a part of the information specit'ied by the teaoher who 
prepares the problem. In erreot, the system carries on a 
conversation with the student, one 1n which interesting 
contingencies may be developed to arbitrary depth, The system's 
responses are 1n tree, rich F.nglish. 'l'he problem under study 
need not be or stationary character; it can emb~ a 
situation which changes with time as the interaction develops. 

-3-
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III. APPLICATIONS OP THE SOCRATIC SYSTEM

The eystein was first applied^ primarily to faellitate 
debiigglng the pr^ran« to a simple letter*gueaslxig game.
Exhibits of some plays are reproduced In Appendix A.

It was next applied to a set of problems in eleotronlo 
trouble-shooting. In this application the object was to simulate 
a rote learning situation with minimal feedback, l.e., the 
Interest was In drilling toward a fast response rather than In 
providing insights into the logic of eleotronlo circuit 
operati<»i. 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 
llltistrates some of the potentialities of the system In a 
complex setting. It required about 20-30 ho\irs of a doctor 
and a programmer Jointly to set the speolficatlono for the 
case. Including the pedagogic strategies; 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.

-4-
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IV. U>OlCAL ORGANIZATION OP '1'HB SOCRATIC SYS'l'IM 

Three types ot data must be provided to apectry a 
problem tor study using the Socratic Syet~. 'lheae are: 
(1) a vooabul8l'f enumerating the items available to the student 
for input--the questions that he may ask and the deolarations 
that he may make in the course or his study; (2) the Inglish 
sentences that constitute the possible responses or the 
computer; and (3) the "condition-statements" whioh speo1ty 
the cond1t1.ons under ,·1hich the student's inputs d.etem1ne 
the computer's outputs. 

Using these data, the computer program operates 1n 
the following sequence: 

1. It states to the student, via the console tn,e­
Wl~iter, the problem to be solved. 

2. It waits f'or the student to type 1n an item rrom 
the vocabulary. 

3. Upon receipt or 1.ntormation, it evaluates all the 
condition-statements. This process results 1n the 
type-out or one or more English sentences by the 
computer. 

4. It then returns to step 2 or the sequenoe. 

-5-
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'1 11e compnter program has to aocomplish several 
0 house- keer tng 11 functions JI such as: 1) processing the 
i n.rormat1or. received from the typewriter, (2) obtaining from 
mc,1,Jry the ~ngl i sh se~ tence str ings needed f or output and 
(3 ) d1rect 1·ig the output of charact ers to t he typewriter. 

Tl1e computer )!: .,r.,1\ :1m al so accompltshes a major 
control f v.n~tion- ,. hat of evaluating -~he condition ... statements 
to generate the re&ponsas of the conputer .. A simple cond1t1on­
statement , used in t he madlcal applic tion ~ is Rtated for 
1.llustrati ,n: 

Cond1.t ion-Stat ement 1: J.f t he student does not ----- · 
mow 11

, eneral r~ppear-ance n and now anks any question 
except. 11 general appearance 11 t hen outp1.lt "You should 
:heck "he pat :te11t t s gener~ 1 app~arance first! 11 

Some condi t or1-sta i:ments a.re much more complicated. 

I n general ~ a c~ndit i on- statement contains three 
pnrr.s- ••a se ., or oond:1.t ions , a l ogi cal oper•ation, and an 
action, Ir. the sinple case _, each eondit:l.on refers to an 
1i;am ln t he vocabulary or t o the ,~ur:.·ent input or the student. 
A condl.tion aaserts that: {1) a specifi ed question has been 
mrnwered, er (2 ) a 3pec i fied df.:c lar at ion has been made, or 
(3) the cur ent input of' ~~he student 1.a the particular 
vocabulary item specif ied , or 4) the current input or the 
stu.den.t is :i quest ~.on, or (5) the current .input or the 
student 1s J. declarat;1on. The negations of these five 
condtt1ons 1 re al so Bl l owed., 
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Tie specified logical operation (conjunction or 
disjunction 1s appl1.ed to the set or cond1t1ona. It the 
result 1s "<;rue," i.e. , if the set of conditions ts realized, 
t h !.~ speo1f1rid action is e1·eected and the condition-statement 
i t oalled 11 •ralid 11

" If the result 1.s "falseJ 11 no action is 
ta.keno The usual action is the typeout or a speo1f1ed sentence 
or set or s -ntences. Other actionsJ such &s the null action 
("do nothin ,") or the execution of a specified oompt~tation, are 
possibl e . :1·lo action is taken it the condition-statement was 
already val Ld. 

T. ie co11d:tt ion-stater1ents are not mutually exclusive-­
more than o.ie may become valicl at any time, 1.e., aa a oonaequence 
of a single input from the student. This can result in the 
generation >f several s~ntenees or output at any time. 

c,,ndition-statement~: can be recursive in the aenae 
that they c,n refer to other condition-statementa. 'l'his 
feature is ::irov1.dec. by e.l l')Wing two more oonditiona, which 
assert ·that . (1) a specified conditt.on-atatement is valid, or 
(2) a specif ied oond1t ion-sta ement is "hot .," Le., has Just 
become va11i1 as a resul t of the current inp,t or the student. 
The negatio:1s of these two condit i ons re nlso allowed. 

Ti1e use or condttion--statements in .rao111tat1ng a 
"conversat i,>nal" exohange over time can now be illustrated : 

Condit .on-Statement 2: If the st udent now aesertG 
vocabu .. ary ttem l t hen output sentence 1. 
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9ondition-statement _l: If condition-statement 2 
is ve.1 J.d., and is not hot, then do nothing. 

_2ond1 ! 1 on-Statement l+: Ir oondition-istatement 3 
is hot , and ·the studont now asserts vocabulary 
:ttem ~ , then output sentence 2 v 

A particular dialogue that might be driven by these 
cond1tion-• s ;atementa is: 

Studen .;: -----
11 Append1o1t1s." (vocabulary item l). 

Comput 1£: 11 Are rou absolutely sure?" (sentence 1). 

Studen ·;: --- "Yes. 11 
( vocabulary item 2). 

£..~}~: "You can't be until you have irretutable 
evidence! What ev1denoe would help you 
na.11 down this diagnosis?" (sentence 2). 

r . order to effectively treat non-atationar, problems, 
1n which ch iraoter•5.otics or the sit'Ulttion being studied 1DQ" 
change with time, t;h e. system has provision tor an internal 
olock. 'l'hi:t 1, one either. condition, and one other aotion, are 
allowed. 'f 1e condition asserts that the olook haa a apeoitied 
value. (Th! negatton ta allowed also.) 'l'he aotion taken 11 
to 1nor3men; the clook by one unit. Using these tao111t1es, 
tl e system , .. an respond to the same input with ditrerent 
mErwers, as a runot1on or the (:togioal) time. Thus, "temperature?" 
raay be ansi.n red 119e" in~.t1ally and 11 103 and rising" later on. 

. . -- - . 
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The condition-statement 1n the general rorm just 
described is the key technical contribution to the computer 
program that approximates our original aim--that ot automated 
instruction through arbi.trarily deep 1nteracti ve exchanges 
("conversations") between the student and a subtle "tutor". 
other important features or the program, such as the abilit~ 
to aooommodate English sentenoe strings or arbitrary size, and 
the ability or the system to accept questions from the student 
(as well as to direct questions to hlm), are novel 1n their 
application to automated instNotion, but are part or the state 
or the art 1n oth~r programming applications. 

It should be remarked that the system has no semantic 
content--the meanings of the materials with which it deals are 
not relevant to its operation. One errect ·is that the teacher 
using the system is not bound by any particular, built-1n 
leam1ng dootrines. The oomput9r p1"0gram merely operates on 
given strings or symbols 1n a special way so as to produce 
other strings ot symbols. This special way is called the 
condition-statement. 

-9-
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V. CCIICLUSICIIS 

We think we have oonoluaivel.7 demonstrated the 
teaa1b1litJ ot treating oomplex aubJeot •tt•ra bJ oomputer­
a1ded teaoh1ng. 'lb• 11mita ot applioabilit7 ot the ideaa we 
have developed are not known b7 ua at the pre1ent time••• 
do not have a baa1a, thua tar, tor oharaotel'1z1ng or 
olaaeitying either atudr Mtel'iala or teaohing 1trateg1ea 
with re1peot to their wse with the Soontio S11t•. We are 
oonvinoed, however, that the Sc•orat1o S19tem oan be tNittull7 
applied, and that it wanant1 turtber exploration and 
development. We are aure al10 that there &N several 
1ntereat1ng app11oationa to eubetantiall7 ditteNDt •ter1&l1 
than those we have oonaideNd tbul tar. 

-10-
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VII. APPENDICIS 

'l'he three appl1cat1ona or the system are illustrated 
in Appendices A, Band c. Each 1noludea a a1ngle oopy or a 
preamble, defining the problem to be solved, along with two 
or more photocopies of aotual computer runs. 

In Appendix A three runs or the alphabet letter 
guessing game are shown. 

In Appendix B, ro11ow1ng the electronic trouble 
shooting preamble, two runs are exhibited. The tirat one 
shows a perfect solution to both problems; the second one 
exhibits somewhat less skilled perrormance. 

Appendix C shows the application to medical 
diagnosis. The vocabulary or medical terms available to the 
student is given, followed by the preamble. The r1rat run 
displays considerable diagnostic guessing and extensive 
dialogue. The second run represents a more 1ne1ghttul student. 

In all the runs the student's queries and declarations 
are indented and tn,ed 1n capital letters; this waa done ao 
that they might be distinguished, 1n the photocopy, rl'OII the 
computer's replies. In the original, the student's conanente 
appear in black, and the computer's 1n red. 

In Appendix D some prel1m1naey and related reaearoh 
is summarized. 
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Appendix E oontaina a d11cu111on or the 
oons14erat1ons involved 1n a compiler program tor '1'he 
Socratio System. 

In Appendix, alternative systems to the ptieaent 
Socratic System are described_ 

•13-
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I. 
VOCABULARY FOR MEDICAL CASE I 

QUESTIONS 

Physical Exam? 

abdominal exam? 

chest exam? 
auscultation? 
localized tendemess? 
percussion? 
respi ratory excursion? 

eent exam? 
distension of n£ck 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? 

rbc? 

wbc? 

urina exam? 

x-ray? 
evidence of fluid? 
lateral? 

blood culture? 

nose and throat smear and culture? 

sputum culture? 

sputum smear? 

urine culture? 



I: 

\· 
I 

VOCABULARY FOR MEDICAL CASE I 

DECLARATIONS 

acute pyelonephritis. 

appendicitis. 

friedlander pneumonia. 

influenza. 

mild upper respiratory 
infection. 

pleural effusion. 

pneumococcal pneumonia. 

primary atypical pneumonia. 

psittacossis. 

pulmonary infarction. 

staph pneumonia. 

strep pneumonia. 

tb pneumonia. 

the grippe. 

viral pneumonia. 

yes. 

no. 

proceed. 

evidence from blood culture. 

evidence from abdominal exam. 

evidence from blood test analyses. 
evidence from chest exam. 

evidence from eent exam. 

evidence from heart exam. 

evidence from ms system. 

evidence from neurological exam. 

evidence from nose and throat 
smear and culture. 

evidence from rectal exam. 

evidence from sputum smear and 
culture. 

evidence from urine analysis. 

evidence from urine culture. 

evidence from x-ray findings. 

positive evidence or another 
disease. 

possible evidence though 
inconclusive. 

complications. 

- ...... - . 
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Appen · 1x Do f_r~_1 1m1nary Res ,arch 

Ear·l er \'JO wtder pr o.J ee'· 1as d voted to he 
au. oma ·1on or ~eacihing mat e- ta s t pa l d•• as o iate form~ 
Wh l lt. h.1s w \ ha~ l ,d 't s ver-8 tnt r evting onc luaions 
(T..1tld de, tl 2 . • 'U er f•,:.s-...: Jt ·~ have ade 1 . appear that a 
m r-e- dHta1le 
for pa red-a 1:13 m,te ,. a1 s .s n 
> such m r.L appe r-s o tJ. 

proc ciu.ra ma pu t on.s. n I :i .• , ~.! 

. d • s ab i.e. The l earning 
y insc•ns ! 1 ve to 

en 1v xperlmental 
t d l -~ or l ·em1ng t •l i dent 1f'y n n v ' a sounds {Swets , 

Mi l lman; Plet er, and G eenJ 196' ; Swets, Harts, 3prague, 
and u loe f 1 n r par , 1 n '1, toge l1..1 wi ·h para l e 1 stuaies 
t> f' t r ~ learn f' ver)a l~.s s la 1ona { , g ., , . td wski, 
Kops · 1n, and ·t1Llles t; ·~ .. 9G1 ; ook 1 19 1 3 sugges t that 
h p· cedur o u owi ·eel 1 u .- ,1 do ncf f'ao 111 tate j 

&nd . ar even o oet im nta co .. the arning of mate .rials 1n 
pa1r •d aasoc 'L , rm .. In bc,t c,f h .a:Jes 1n .ntioned 1 the 
u. t:hi.a utoTTllJ. pr(. oedu.res \ 11 " l"e t o t oe li: as ef f't!ct1 ve 
than a prooedur-~ 1 wh '.l :-, he pai.rs f e 1ement 3 to be 

o oc.ia ted a1e imply bse; v d '1-t .o 1t ,ton 1 ual 1nter­
c ga ion or t he student, v .r r.enponne, :>r kno~ledge or 

:~pct.•~ !' ally, Sw t8, et al , 1962). 1n two aep~rate 
:X>i..:::··:.r.)(S::-.t ... ; f' :nmd al ple l"<!sentat l n wit h no overt NJeponse 
,._r.~ :: t1- ,--::"O err ·t1ve t.han ir1 errogatiOtJ plus overt res\}Onse 
;:: . .: ..:. , e,•:o·:;ack . A particularly t nerrective vax•1ant or the 
:" t r rr-ooedure 1a one in which the st i mulus element 
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oorrespond1nt to an 1ncor reot response 1.s p1 esent ed alcmg with 
a r e-presentat ion or the s .1mulus element, bef ore a second try 
1s I.le ., These .tnves•tig t r : also r d e. emallu8t ep, 
l ogieally- oroered , "part" P'"()t!edure t o be l e!.a erreot 1v· han 
a ''whol e" pl"t'oedure l n whi • h h ent.i 4 set or p,i irs to be 
l eam ed was presented i a random o d <L J agai n i n t wo different 
exper1ments v An attempt t o enhan et. abi lity to identify 
sounds by a var1ega ed p oc-edure--whi •h empl yed dir°fF :runt 
aspects or. automated ins ru~t i on at dift'eren t stages or 
pract ice 1n a presumed development a l rder--was also 
disappoint i ng ; t his proc.edure, too , was no more eff'ect1ve 
than proGed~res t hat w~ re st andard b rore the advent or 
automated instruc tion. 

Be ing re l u tan to accept t ese r esults at race 
value withou additi onal replications , Swets, et alo (1n 
preparation) onducted a. , e ,cp r iment 1n which the subject had 
moment-to-•mon ant ieontrol over his mude r t r aining ~ He could 
simply expose. himself t o t he sound- abe l pair s; he oould 
hear the aound and test his ab1 11 y t.o ·.onst ruct the correct 
l abe l ; or he could compose a gi ven l abel and produce the 
associated sound. In ~11 cases he ~ould restrict the set 
or sounds under cons i derat i on to any gi ven subset or the 
tot a l se t t o be learned. The results provide det !.lled 
&upport o the earli er conclus1ona : su ceas was negatively 
correlated wi t h the proportion of t ime spent in activ~ 
reepondlng j rece 1 v1ng feedback, a.nd maki ng second tr~e• . 

II}') resul t in t his per eptual- l eaming task are in 
exc.ept i onal.l :, clo e agreement wltn resu. ts obtained by 31dowak1, 
et al. (1961 ., i n a v~rbal t ask util1 z.1ng English Russian 

• ' -- .: l 
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Appendix E. Compiler Design Cona1derat1on! 

There wae not suf'fioient time under the projeot for 
writing a compiler program to rac111tate input or problem 
data. However, preliminary design considerations have been 
w r\ced out and are summa1'"1zed now. 

The compiler would be composed of three rout ~ies: 
for input of the vocabulary, or the possible computer output 
sentences, and of the condition-statements. The first two 
routines exist 1n part. A preliminary version or the first 
routine has been written and was used, 1n the medical 
application, to input the vocabulary or terms for the oase 
under study. 

The second routine would accept English sentence 
i nputs, including eome with short reference names {labels), 
provide names for internal rererenoe ror use by the third 
routine, and store the sentences for retrieval at run time. 
Substantial parts or the programming tor this routine exist 
already. 

~'he third routine would translate oond1t1on-statements, 
stated 1n oonven1ently abbreviated English, into the octal codes 
required for the internal operation or the program. 

We would also like to develop an on-line oc..np1ler 
program. This program would be made cognizant, as it 
operates, or relationships among the data it is receiving. 
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Our objective 11 to enable the sptem, during the input 
pl'OCeaa, to oomrmmicate 1nrormat1on back to the teacher as 
he 11 inserting condition-statements. The system might be 
able to aid the teacher considerably b7 oomnenting on the 
completeness and consistency or the problem data. 
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Appendix P. Studies or Altemative Systems 

our goal was to facilitate computer-aided t e1oh1.ng 
with very complex problem materials. To accomplish thie we 
instrumented a system that can accept very complax directions 
about the conditions whioh detenn1ne the response or the 
computer to the input rrom the student. The resulting system 
is ver:, general 1n that any contingency, defined by the 
student's total or partial behavior in thf! course of' his 
actions, can be recognized and utilized to erreot a response. 
'l'he cost or this generality is the speoirioity required ror 
explicating all the contingencies or interest. 

'l'here are two ways to reduce this ooat--by the uee 
or compiling progr&ms that can accept and expand signitioantly 
smaller numbers or directions than required presently, or by 
devising systems that have explicitly incorporated into them 
conditions ror recognizing particular oont1ngeno1ea or 
interest. Compilers have been considered in Appendix E. We 
now review the status or the work on a syetem alternative to 
the one we implemented. 

The alternative system we have considered (really 
several variations or a single scheme) 11 designed to 
explicitly 1noorporate a set or 1911cal oondit10!!, reoognizers. 
It is aimed at treating problems tor which the solution 
strategies are adequately described by the standard categories 
or deductive 1nrerence--redundancy, necessity, suttic1enoy, 
oone1stency, and the like. 'l'hus, it 1s less general than the 
system we have implemented. 'l'he interest 1n it lies 1n the 
savings that may be achieved 1n the time to prepare a problem, 
ror those problems to which it is applicable. 
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'l'he basic aesumpt1on underlying the ltemative 
version 1s that a problem may be completely characterized by 
a matrix or characteristics (represented by questione) versus 
possible solutions (represented by declarations). Its 
operation is based on the observation that every time a 
question is answered the number of solutions still possible 
1a reduced (though perhaps by zero). The idea ie to incorporate 
programs that a.c-e executed, following each inpu~ or the student, 
to detennine ror any question whether 1t is logical; redW1dant, 
tor any declaration whether is it logically consistent wi th 
known 1nt"onnat1on, and so on. 'l'he system,know1ng tho set or 
possible solutions at any po1nt,can answer guesses by uggeating 
alternative ... osaibilit11!s consistent with known 1ntormation. 
Knowing which queetion 1s optimal, in that it m1n1mizea the 
number or solutions remaining at that point, the system may 
comment on the "goodness" or questions. other similar logical 
oont1.ngenc1ee can be included~ 

Using this version, the input information ror a 
problem is the matrix or charaote1iatica or possible solutions. 
In the more general version, the maJor input 1a the set or 
oond1t1on-atatements. Por those problems that can be treated 
with both versions, the question or ease or input ia primarily 
determined by ccmparing the size or the matrix with the number 
or condition-statements. 

This determination has not as yet been made ror 
particular problems. It should be noted that the conc!uaion 
will not obviously ravor the matr1x--there may be problems ror 
wh1oh the total set or character1st1cs ror Ghe 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, 

I , 
I 
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Thus rar our expectation is that there are problems 
ror which the altemative vere1on is nicely suited, ttere are 
pr obl ems ror which the general version is prererable, and 

still others where the general version is requir.ed (such as 
the application to medical d1&gnos1s i llustrated 1n Appendix 
(?) . 

Thie quest ion may be or much less interest 1n the 
future when the general version i s supplemented by a auitable 
compiler. The relevant comparison ror the matrix, then, will 
be with the stat91'1lent s or a problem-description la.ngua.ie that 
1s more natural and powerful than the current condition-statement 
language . 

( 
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