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The t aching. machine 

Computers offer an unprecedented opportunity to 
give pupils individualized instruction~ The following 
article outlines some of the capahiJities and prohlems 
uncovered in attempting to adapt the electronic 

teacher aids to the classroom. 
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IMAGINE THAT Y~U HAVE A 10- OR u­
yeBJ-old chIld and the funds to hire a prIvatE' , 
tutOI to educate this chIld. What sort of hl~ 
st ructions would you give the tutor? 

AU of us can give at least a pal'Hal 
answel'. We would want the tutor to gJVe in~ 
~ truction in reading and other a spects of 
~nglll:>h, mathematics. elementary science. 
and history or some other aspect of the usual 
curnculum in social studies. 

Let us also imagine that this tutor, al~ 
though highly intelligent, is not at all famil­
iar wIth the curriculum in American schools 
or even with the basic facts and traditions of 
American culture. So he nods affirmatively 
to your instructions. But he says that he 
needs to know a great many more detaIls 

about how you want each of these subJects 
taught. 

Thl!:' lS much lIke the- sltuatlOn we face in 
programing computet's to ofter individuaL£ 
ized jnstructlOn in our students~. The com~ 
puter has the baslc capacity to be highl:l 
responsive and inteLlIgent In presenting Cllt'"' 

l'iculum aGel in hand1mg the Learning diffi~ 
culties of students. But the computer does 
not have a long mtellectual and sOclai tl'adi~ 
tion of teaching. The computer has not been 
to school itself. It has not been trained to 
teach. 

Tutvr eapabilit,. descrihed 

On the other hand, the power ot the pres~ 
ent technology to offer highly in~'--',;i'iualized 
tutorial mstructlOll to -students shoulci not be 
underestimated. It is my own judgment that 
at the present time technology is more pow~ 
erful than our understanding of how to use 
it effectively and efficiently. 

Let me try to describe the present cababil~ 
ities of our computer as tutor and some of 
the problems we encounter in programing 
the computer to help in the teaching proceS3. 

Suppose that a classroom of 25 youngsters 



contams conEo'l€'8 that look Eke either type~ 
Wl'lters Ot' tf'levu.:Ion screens with keyboards, 
find WblCh. ~1'e under computer control. Sup~ 
pose that tbesf' consoles ('an he used to 
provide wdlVidual work ,111 3nthmetic 
accol'dmg to the classroom teacher'~ 
leqmrement~. 

The teaei1ep play find that Johnny i-; \\-eak 
m~ basH: multJpli~atIon faets, that' Mary is 
not able to halJdle fractions very well, and 
tha! Sus;:.n need;-: much more practice in 
i'>olvmg word problems. If cornputel' pro­
gl ams fOl' the cUlTieulum have been organ­
ized for the teacher in advance. it will bE" 
R simple matter for her to send' each child 
to a console. It will be easy for her to 
l'equest appropriate review and practice 
material in iJ::,)\f:: 8reClS in whkh each stu~ 
dent IS weak. 

I think most of us would find it fairly easy 
to be more specific about how this material 
should be organized. We would all think in 
terms of the kind of exercises we learned 
to solve correctly. If we needed a refresher, 
we would go to some elementary school text­
book in arithmetic for further ideas. 

The first problem we would encounter in 
these textbooks is that they are aimed at 
the average student and. indeed, even at the 
,average performance of the average 
student. 

If, Lor example. our student were 
extTernel~ bught. we \"~:()uld '.'v-ant to accel~ 
f'raie hlS rate of progress through the CUi'~ 

rleuJun1 b0yond that ei'ls11y proodded for bv 
the textbooks. On the other hancL If OUt' 

student werp below average. we would v,ant 
10 prOVide:' Cldditional \\-Olk and perhaps 1n~ 
j l'oductlons to concepts cRsier than tho~e 
in the s1 andau:l text. 

In otber \\101'1::1&, we would be consiciel'mg: 
hO\\T to mdi virluallze the mstructional pro~ 
gl am. There would be IHtJe point i.n hfwing 
a tutor If the instruction were not individ0 
uahzed. 

Little research puhlished 
Next, we might go to the library for help. 

Unfortuna tely, we would not find much re­
search of a deep or systematically organized 
sod. This absence of a tough-minded intel­
lectual tradition of study of how we can best 
individualize instruction is, in my own 
judgment. the most serious handicap we 
ha ve to overcome in using computers as 
instructional devices. 

Consider our drill-and-practice program in 
elementary arithmetic. It was run wIth 
some 900 students during the past academic 
year and will be Tun with about 2.000 stu· 
dents durmg 1967-68. Its purpose is to 
;,npplement the teacher"s iegular instruction 
m elementary al'Jthrnetlc. 

Ordll1ary Teletype machines al'e placed 111 

5cllools ,ind connected by phone lines to Olll' 

computeI' at Stanford. Under computer 
contraI, the Teletype types out an exercise, 
The student responds. The student's answer 

is jmmedlately eVRlu!it2d. If it is wrong hE' 
lS gi.ven a second chance, If he is correct he 
is j mrned18 lE.ly glVen a neV\- probJem. 

At each grade level tbe currlculum in 
al'ithnletlc. OJ' more generally in elementary 
mathematIC:;:. js broken up into apprOXl~ 
xnately 20 concept blocks, "Vork in each 
eonceot block covers seven days. . 

On ~the fh3t day the stude]~t JS given a 
pretest. On the bas}:;: of hIS prete.'>t score 
he i:;; placed. 111 ODe ot five levels fdr five 
days of trainIng. DUl'lng the training he 
moves up and d()\,vn in tile five levels, de­
pendjng upon his score on each day. ,At 
the end of the five days, the student is glVen 
a posttest, whlch is entered into his record 
£01' that concept block. 

lndividual revieow added 

The program just descrJ.bed constitutes 
about 70 percent of his work at the Teletype 
console. At the same time that he is work­
ing on a given concept block, he is also 
being individually revIewed on previous 
concepts on which hls work was least 
satisfactory. 

For example, a fifth-grade student who, 
in February, is on the 10th concept block. is 
reviewed at the ~ame' time on that one of 
the precedmg mne concept blocks on whlch 
he had hIS lowest performance. For one 
;;tudenL this feVIC,,\, hJock might be addition 
of fractlOns: tor ,\Doih~l, problems of long 
(-]jvision; and tel' <mother. solution of WOJ d 
pJ'oblern::: 

At the end of ihe blnck~. thE' student IS 

BJSO gjven rl r~V]ew test on thE' l'evlt:'w 
hInck. HIS ;':core on tlw 1 f'VleW test 18 used 
to upai1te his fecold of Rchlevement on thIS 
PRst block. 

ThIS plogram goes he-yond \vhat can 
.ordinarily be provlded by the teacher. 
Moreover. because of the COU1Puter'~ rapid 
mode of Opel'atlOn compared to human 
l'esponse time, a single computer can be 
highly responsive to' a large' number of 
students. 

In the next round, we hope to organize 
the entire elementary-school mathematics 
curriculum into a number of strands extend­
ing from grade 1 to 6. Such an organization 
of the currIculum into strands is already 
fairly widespread. We can take advantage 
of work already done in this respect. Typi~ 
cal strands would be those for addition and 
subtraction, elementary geometry, frac~ 
tlOns, measurement and applications, muJ~ 
tiplication and division. 

TNe are arranging the exercises \vlthin a 
strana accorci.m,g 1O Jen:l 0i difficulty, The 
has)c ide,:>, 1:'0 t.Jl.a t E'8ch ;::tuoent elliet s " 
strand at the bottorn. v;herE:' the pJ'oblems 
are the easie~t. He II. orks 11l.'= way to the 
top over the :-)evel'd.l years 01 hli': attendanc~ 
in element«l'Y s(·hoo1. 

1Jnder most analyses the! e II;Ill be SClIne-



wbere between 10 and 15 strands, in terms 
of WhICh we WIll organize the elementary­

curriculum. We must then 
r!O"~l:>"'rn1rY"lO how the work of the student shall 
be dIstributed among these strands. Second, 
w.e have to determine how he should move 
up and down in a given strand according to 
hls performance . 
. We have fairly good techniques for 
lng an expected-level of difficulty as it is 
reflected 11l the expected probability of an 
error for each exercise in a given strand. 

As already stated, a·student begins at the 
bottom of a strand. Whenever he makes a 
correct response we move him up a small 
step in the strand', If he continues to make 
correct res.pons~s he can move upward in 
the stl'?lnd very rapidly. 

Whenever he makes an error we move 
him down by a small step. II he continues 
to make errors we move him downward 
until he encounters problems he is sure to 
be able to handle. 

A sinnple prograEn 
One simple scheme for distributing time 

across the strands is the following. At the 
beginning of each day we give the student 
one probleIYl from each stranG. The remain­
ing time, perhaps enough for another 10 or 
12 exerClses. is devoted 10 exercises from 
the two or three strands on which the stu­
den t' S CUrl ent positJOn is relatively the low~ 
est in terms of grade pl~cement and sCRle 
of dlffi cul1 y . 

Under this scheme. at any gIven time. we 
would have ava1lable- a current and slgnifi­
cant record of the stu'clent's level of achieve­
ment in anthmetic. 

For almost the first time, .in curriculum 
instructIon, We can make a detailed and 
objective analysis of student performance. 
';l'he computer's vast capacities for gather­
irig and analyzing data makes it possible. 

Now we can take the fantasy out of cur~ 
riculum instruction. We can find out in 
detail what does work and what doesn't 
work in each section and, indeed, in each I 

SUbsection and problem of a given curricu­
lum .. 

I have hot yet dealt with one skeptical 
query about the kind of programs I have By! Peter f. Knight 

been describing. It asks whether individual-
lzation actually improves student learning 
and performance. 

The current application of computers is 
too recent to have built up a decisive case. 
Yet, what data we have accumulated over 
the past several years is quite encouraging. 
In a very short additional period massive 
objective data wlll be available for analysIs 
by skeptlc and protagonIst alike. As an 
enthuslRstlc protagonist, ! dare to predIct 
1hat computers wiJi ::;oon playas significant 
and ul1lvcrsal a role In schools as books do 
today. 

Fifth of R series. Next Thursday: Com~ 
}luting the -wea.tlH',r, 

~~>~~.~~~ 
; .. 

'I hear my- . computer talking~ 




