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PRELIMINARY CONSIDERATIONS
'M 'O  train ing program m e can be efficient unless

~ i t  embodies procedures for resolving the 
student’s difficulties. Skinner-type program m es 
try  to overcome this problem  by advancing the 
student in  small easily-comprehensible stages tha t 
illustrate as m any facets o f  the subject m atter as 
possible. Since the student is tested a t every stage 
by a  question, guided by the representation of a 
correct answer, and  prom pted w herever necessary 
by hints etc., there should in  fact be no difficulties 
tha t the student cannot readily evaluate fo r  himself-— 
e.g. by taking another look a t the instructional 
m aterial im m ediately preceding.

Skinnerian m ethods exhibit w hat m ight be 
called a “ piecem eal” approach to understanding. 
Inform ation is supplied in  easily-digestible units 
so tha t the student can sort out his own mistakes 
as he goes along. N ot every subject can be satis­
factorily taugh t in  this way. W hereas some subjects 
(like spelling) can be com prehended as a  sequence 
of relatively simple and  independent facts, o ther 
subjects m ust a t some stage be grasped as a totality 
because they involve facts and  rules th a t are 
intricately related to one another. I f  an  elaborate 
netw ork o f relationships has to be bu ilt up  it m ay 
be desirable to practise the student on several 
inter-related facts and  rules a t a time. This 
naturally  makes the units o f instruction less 
digestible and  m ay well create difficulties th a t the 
student is unable  to overcome by his own efforts. 
In  such cases it is u p  to  the teacher to provide 
m ore positive assistance, by evaluating the studen t’s 
m isunderstandings for him  and  by taking him  
through an  appropriate  correction procedure.

M achines like the A uto tu tor and  G rundytu tor 
(which em body the branching  technique) are just 
about the simplest devices th a t can claim  to 
provide this facility. A fter each un it of instruction, 
the student is shown a test question and a set of 
possible answers (m arked A, B, C,.) o f w hich only 
one answer is correct. T he student m ust locate 
the correct answer by pressing a corresponding 
button  (also labelled A, B, C,.) and  if  he chooses 
wrongly he is autom atically  switched to a “ rem edial 
lesson” appropriate  to the kind o f mistake m ade.

Thus if  a  student asserts th a t angle _J is greater 
than  angle j  an appropriate  rem edial lesson

would explain th a t the size of an  angle rem ains 
unaffected by variations in  length etc. of the 
straight lines involved. Note th a t the question 
and answer technique is here being pu t to a 
different use. W hereas the Skinnerian m ethod 
protects the student against error (by simplifying 
instruction to a  point w here errors are hardly 
possible), the A uto tu tor encourages the student 
to m ake errors th a t will reveal the natu re  of his 
m isunderstandings.

O f necessity, the A utotutor operates w ith some­
w hat lim ited evidence. O n the strength o f a 
single question, the student is categorized as being 
righ t o r as being w rong in  ju st one of a  lim ited 
num ber (usually 2 or 3) of ways. Since there is a 
pre-set correction procedure for every wrong 
bu tton  pressed, it  is tacitly assumed th a t everyone 
pressing the same w rong bu tton  is guilty o f m uch 
the same m isunderstanding.

This assum ption is bound to break down a t 
times.

A nd w hen it does the student receives a rem edial 
lesson th a t partly  or wholly misses the point 
because it does no t im pinge directly upon his 
m isunderstanding. This m ay well confuse and 
irrita te  the student. But if  he perseveres he will 
usually come across further instructional m aterials 
th a t are sufficiently “ rem edial” to set him  back 
on the right lines. I f  the student is m otivated to 
overcome such irritations (which m ay be quite 
small com pared w ith the irritations tha t beset 
conventional teaching), the whole procedure is 
likely to be very successful indeed. In  fact it is 
not a t all uncom m on to hear of students learning 
in less th an  h a lf the usual time.

A lthough the m ethod has achieved some 
dram atic  results, it undoubtedly  has its limitations. 
As already indicated, each rem edial lesson is 
based solely on the student’s last m istake; and it 
is often very difficult to gain reliable inform ation 
about the student in  this way. A t one extreme, a 
student m ight press the w rong bu tton  because of 
some fleeting m ental aberration. O r he m ight do
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so because of some deeply-rooted m isunder­
standing. To be on the safe side the rem edial 
lesson m ust therefore be sufficiently laboured to 
cover the la tte r case, and  it m ust also exam ine the 
mistake from as m any different viewpoints as 
there are (likely to be) m isunderstandings. Yet 
even this does no t get to the heart o f the m atter. 
For it rem ains true th a t single questions are rarely 
sufficient to locate the deeper sources of the 
student’s difficulty. In  consequence, the rem edial 
lessons th a t the student receives can often do 
little m ore than  nibble a t different aspects of 
several (possibly unrelated) m isunderstandings. 
This m ay well give the students a fragmentary 
understanding of the subject m atter. I f  he gets 
anything m ore out of the instructional m aterial 
it is because he is able (or, m ore pertinently, 
willing) to do the m achine’s jo b  by synthesising 
the fragments for himself.

T he fact th a t so m any students tend (despite 
manifold frustrations) to m ake the necessary 
syntheses, says a great deal for their perseverance 
and their a ttitude tow ard the educational process. 
I t  also enables such m ethods to claim  successes 
th a t they would no t otherwise have achieved. 
But some students will invariably fall by the way- 
side, especially if the synthesising process presents 
special difficulties. For these stragglers a  m ore 
businesslike procedure is required. A nd it is here 
th a t the adaptive teaching m achine has an  
im portan t p a rt to play.

Its general properties.
A N adaptive teaching m achine is a device w hich 

■'* in a non-trivial sense learns about the student 
in order to teach him  m ore effectively. Unlike 
the simpler machines, it can store inform ation (on 
in ternal registers or “ m em ory units” ) about the 
way in  w hich the student has handled  the various 
test questions given to him . I t  can  exam ine a 
whole sequence of mistakes to see w hether they 
are collectively indicative of some fundam ental 
m isunderstanding. A nd it can m anipulate correc­
tional procedures in  a m uch m ore indicative 
m anner.

Like the Auto tu tor, the adaptive m achine 
provides a sequence of instructional items on 
some suitably au tom ated display, and  a  set of 
multiple-choice test items for determ ining (at 
frequent intervals) w hether or no t the instruction 
has been understood. But it deals w ith the student’s 
answers (to these test questions) in  a highly 
distinctive way. In  fact it uses them  to construct, 
on in ternal registers, an up-to-the-m om ent account 
of the student’s relative strengths and weaknesses. 
T he inform ation accum ulating on these registers 
is then fed through to a small com puting m echanism  
w hich decides w hat changes, if  any, should be 
m ade in  the train ing routine.

This is less com plicated th an  it sounds. T he 
in ternal registers or “m em ory units” need consist 
of nothing m ore elaborate th an  a set of reversible 
counters w hich go up w hen the student answers 
his test questions correctly, and  dow n when he 
does not. And the com puting m echanism  m ight 
simply be a set of relays th a t rem ain  inactive until 
one of the counters clicks round to some pre-set 
critical value.

In  this particu lar case, the a tta inm ent of some 
critically high value m ight cause the m achine to 
switch to a m ore challenging set o f instructional 
m aterials. A nd the a tta inm ent of some critically 
low value m ight cause the m achine to present 
(on a  supplem entary display, for instance) a set of 
bints and  cues which are likely to help the student 
out of difficulty. T he m achine therefore has the 
capacity to ad ap t in two different ways. I f  the 
student is doing well it presents harder problem s 
to spur him  on. I f  the student is doing badly it 
presents easier problem s to help h im  out.

This simple arrangem ent is fairly typical, and  
can be elaborated in m any different ways. 
V ariations in the states of counters could, for 
instance, be m ade to vary the tim e allowances 
available to the student for answering different 
kinds of test questions. W hatever the degree of 
elaboration, the basic picture rem ains the same. 
In every case some cumulative record is kept o f the student's 
efficiency, and this is used as a basis for adjusting his 
training programme in a sensible way.

T o be efficient, the m achine m ust obviously 
m ain ta in  the righ t kind of cum ulative record. 
A nd it turns ou t th a t the best procedure is to 
evaluate on the m achine’s registers the studen t’s 
ability to surm ount those obstacles th a t most 
commonly frustrate the learning process. Since 
this po in t is o f central im portance, and  is not a t 
all self-evident, the next section will consider it 
in  greater detail.

Mode of approach
In  their efforts to teach efficiently, teachers 

often break down their lessons into w hat they take 
to be a  “ n a tu ra l cluster” of (say) three or four 
“ easily-relatable” ideas or concepts. In  such cases 
instruction is generally alternated  w ith questions 
aim ed a t testing the student’s ability to handle 
such concepts—both  singly and  in  relevant com ­
binations. I f  a question is answered wrongly, the 
student is typically given a verbal exposition 
relating certain  details of the question to the 
concept (s) it was m eant to exemplify. T he original 
concepts are then reiterated  and  exemplified in 
further exercise m aterials un til the teacher is 
finally satisfied (perhaps wrongly) th a t the student 
has got the message.

This can be a highly inefficient and  exhausting 
procedure. T he trouble is th a t the student, who 
does not see things in  the same way, m ay well
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suffer from misconceptions th a t cu t right across 
the teacher’s concepts and  questions. There will 
therefore be occasions on w hich the teacher 
imagines th a t the student has seen the point. A nd 
there will be occasions w hen his hopes are dashed. 
By exemplifying um pteen different facets o f the 
concepts he is try ing to get across, the teacher m ay 
eventually bulldoze the student into giving 
(grudgingly, perhaps and w ithout conviction) the 
answers required  of him . But instead of ham m ering 
away a t the ideas w hich are clear only to the 
teacher, it  is m uch m ore to the point to m ake a 
direct a ttack  on the student’s misconception— to 
root them  out and  elim inate them  so th a t the 
student can gain a genuine understanding of the 
subject m atter being im parted.

These considerations im ply two fundam entally  
different approaches to m achine instruction. O ne 
of these adopts a  therapeutic approach to the 
student’s difficulties. T he o ther seeks to suppress 
such difficulties by imposing a different point of 
view. T he la tte r approach  is essentially a  form 
of indoctrination, and  m achines built to operate 
in this way need only have a  separate register 
for each im portan t idea (or com bination of ideas) 
being pushed. These registers would advise the 
m achine w hich aspects of the indoctrination  had 
been assimilated, and  w hich had  not. T he m achine 
would then simply load the student w ith more 
and m ore exercise m aterials etc., on those aspects 
for w hich the registers continued to denote 
inadequate assimilation. In  due course the student 
m ight come to understand the ideas in  question, 
or he might ju s t learn how to convince the m achine 
tha t he understands.

T he alternative procedure (and the procedure 
used a t R ichm ond) is to design the instructional 
and exercise m aterials so th a t they show as m uch 
sensitivity as possible to the student’s difficulties. 
In  this case prior research m ust be carried out, 
over a large population of students, to determ ine 
exactly w hat these difficulties are. Usually it will 
be found th a t the students m ake errors, m any of 
which really do fall into “ n a tu ra l clusters”— 
because they are in  fact occasioned by the same 
underlying misconception. Given this knowledge, 
the m achine can then be m ade to organise its 
exercise m aterials into distinct classes or problem 
areas w hich im pinge ra th e r directly upon the 
classes of misconception th a t are known, from 
actual research, to stand in the way of learning. 
W hen a student makes an  error it can  therefore 
be categorised as reflecting, in  all probability, 
a particu lar kind of misconception. A nd w hen 
enough evidence has been accum ulated to suggest 
that the misconception really is present, the 
m achine can be m ade to apply a rem edial p ro ­

cedure th a t is likely to be genuinely ap t and 
beneficial because it is conducted a t the right 
depth.

U nder this procedure, the m achine’s in ternal 
registers m ust be pu t to the basically different use 
o f detecting the n a tu re  and  extent o f any mis­
conceptions th a t are present. A nd the m achine 
m ust also have facilities for acting on the 
inform ation th a t accum ulates in  these registers. 
In  order to see how this is done it is necessary, 
however, to say m ore about the way in which the 
m achine works.

Internal organisation
T he m achine’s in ternal organisation can be 

broadly specified as follows:

1. A t least one register m ust be provided in 
respect o f every misconception for which 
evidence needs to be accum ulated. I f  two or 
m ore misconceptions are likely to in teract in 
ways th a t cause special difficulties, separate 
registers m ay also be necessary to detect the 
presence of such interactions.

2. Each test item  m ust be associated, in a quantifi­
able way, w ith one or m ore of these registers. 
In  o ther words each test item  m ust contribute 
a t least some inform ation about the student’s 
ability to overcome standard  difficulties. I f  the 
instructional m aterial involves m astery over 
(say) three or four distinct misconceptions or 
problem  areas, the m achine will therefore 
contain a t least three or four separate registers 
and the test items will be correspondingly 
grouped into a t least three or four separate 
classes. A test item  intended to test the student’s 
m astery over problem  area 2 would thus be 
coded (for the m achine’s benefit) to ensure 
th a t only register 2 is activated by the student’s 
response.

3. I f  necessary, test items can be designed to test 
the student on several problem  areas a t once. 
I f  a particu lar test item  is likely to involve 
misconceptions 1 and  3, a correct (or incorrect) 
response could readily be coded to produce a 
uniform  increm ent (or decrem ent) in each of 
the registers 1 and 3. A nd if  the tesi item 
involves m isconception 1 to a greater extent 
th an  misconceptions 3, the code could be 
further adjusted to produce differential incre­
m ents (or decrements) in  these two registers. 
Presum ably it is obvious th a t prior research 
m ust be carried ou t to establish how these 
test items should be coded. Given a  judicious 
coding system, the registers can rapidly provide 
useful cum ulative indices of the student’s 
ability to handle different aspects o f the 
instruction.
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4. To complete the system, the m achine m ust 
em body a m echanism  which can evaluate the 
inform ation accum ulating on these registers 
and can cause the train ing  program m e to vary 
in  ways th a t seem most likely to m eet the 
student’s special requirem ents. This m echanism  
has been described, in  the teaching m achine 
literature, as an  overall control mechanism. Like 
a real-life supervisor, it examines all the 
registers th a t are active in  order to see, for 
each in  tu rn , the extent to w hich the student 
is falling short o f some ideal criterion of 
efficiency.
In  the simplest case, this m echanism  is a 
simple com parator w hich m atches the state of 
each register against some pre-determ ined 
norm  and secures an  electrical “ read-out” of 
the discrepancy. T he greater the discrepancy, 
the greater is the student’s need for assistance.

5. By coupling the electrical read-out to a 
supplem entary display on w hich hints and  
rem edial exercises etc., can be given, the 
m achine can provide a  greater or less am ount 
of help according to the m agnitude of the 
discrepancy in question. This coupling is, 
however, seldom direct. For in some cases the 
registers will show the student as requiring  m ore 
help than  the m achine can give a t any one 
time. T he overall control m echanism  m ust 
therefore integrate the inform ation it receives 
from different registers in  order to determ ine 
the best compromise procedure.
T he kinds of com putation needed to establish 
this compromise are usually determ ined by 
decision rules th a t are program m ed into the 
m achine a t the tim e of its construction. But 
there could very well be a facility for changing 
these rules in the light o f experience. A nd the 
m achine could even be program m ed to change 
its own rules if it found tha t certain  procedures 
were not working effectively.

6. T he adjustm ents th a t the m achine makes to 
its train ing routine are  not exclusively concerned 
w ith resolving the student’s misconception. In  
every dynam ic train ing process, the need to 
help the student when he is doing badly m ust 
always be weighed against the desirability of 
spurring him  on when he is doing well. I f  the 
m achine’s registers show th a t the student has 
not reached an  acceptable standard  on certain 
problem  areas, he m ust continue to be given 
supplem entary assistance on these areas. But 
once the required standard  is reached, it is 
equally im portan t th a t the m achine should 
switch the student to a harder batch  of 
m aterials. This means th a t the instructional 
and  test items associated w ith each problem  
area should be internally  grouped into sets of 
increasing order of difficulty— so th a t the

student can be rapidly shifted onto a set 
appropriate  to his level of ability.

7. T he operations outlined above can be carried 
out w ith varying degrees of sophistication. 
Since each new response by the student alters 
the state o f a t least one register, the record 
of his perform ance is being repeatedly up-dated. 
In  principle, this could lead to repeated 
adjustm ents to the train ing routine. But it 
often suffices to defer adjustm ent until one of 
the registers reaches some critically high or 
critically low level.

T he registers m ight, for instance, simply 
count (for different problem  areas) the excess 
o f correct responses. In  this case the m achine 
m ight w ait until this excess figure reaches T  8 
(say) on any register, and then switch the 
student to a m ore advanced set o f exercise 
m aterials on th a t particu lar problem  area. 
I f  the counter then slips back to below -f- 8 
the student is duly returned  to the more 
elem entary level. But if  it reaches the next 
critical level of +  16 (say), the m achine
prom ptly reduces the num ber o f exercises 
given in th a t area. This enables the student to 
devote m ore tim e to o ther problem  areas on 
w hich he has not yet m ade the grade. W hile 
the counters are moving backwards or forwards 
towards their critical values, the m achine 
could be m ade to adjust certain  time variables—  
such as the tim e allowed to respond to certain 
kinds o f test items. In  general this would m ean 
th a t if  the student gives a correct response to 
a  question involving (say) problem  area 1, 
then the next question involving th a t problem  
area would have a slightly shorter time 
allowance assigned to it. Conversely, a m istaken 
response would produce a slightly longer time 
allowance on the next occasion. Since hum ans 
are on the whole ra ther sensitive to such time 
adjustm ents, their m anipulation  greatly 
heightens the student’s impression th a t he is 
receiving a personal and  “ tailor-m ade” training 
routine.

In  cases such as this, the student is entirely 
right to regard his program m e as tailor-m ade. 
W hereas the A utotutor sends everyone along 
the same m ain  stream  of instructional items 
(adm ittedly skipping and  branching here and 
there), the adaptive teaching m achine organises 
its instructional m aterials into groups which 
can be presented in any order and at any pace 
th a t the student seems to require. T here is no 
“ m ain line” th a t is common to all students 
and  the program m e is, in a very real sense, 
constructed by the m achine as it goes along.

Furtherm ore, the m aking of one kind of 
adjustm ent in no way prevents the m achine
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from  preparing  another. I f  a  student has just 
m ade one mistake th a t points to m isconception 
1 or 2 or 4 and  ano ther mistake th a t points 
to m isconception 2 or 5, the two mistakes 
collectively suggest th a t m isconception 2 is 
predom inant. I f  the m achine now switches to 
a rem edial procedure for the elim ination of 
m isconception 2, this does not preclude the 
possibility of continuing to secure m ore evidence 
about o ther possible m isunderstandings.

8. T he technically m inded reader m ight like to 
note th a t the adaptive teaching m achine has 
the logical calibre of an  hierarchial control 
mechanism. To be non-trivially adaptive, the 
m achine m ust have a t least two registers 
accum ulating inform ation. A nd it m ust have 
an  overall controller th a t scans the states of 
these registers, performs certain  predeterm ined 
com putations and adjusts its train ing pro­
gram m e according to built-in  decision rules.

This is the simplest (two-level) form of 
hierarchy. In  m ore com plicated cases there 
m ight be two independent sets o f registers 
(one recording speed and  the o ther recording 
accuracy) w hich are cross-coupled or related 
a t some higher level. A lternatively there m ight 
be some in term ediate level o f registers con­
cerned w ith the relationships betw een pairs of 
registers a t the lowest level.

I t  m ight happen, for instance, th a t the 
overcoming of one m isconception leads to the 
developm ent of another. I f  there is this kind 
of in teraction or “negative transfer” am ong 
different problem  areas, the state of one register 
m ight be inversely correlated w ith the state of 
another; and  it requires a t least one higher- 
level register to detect the presence of this 
correlation. These are technicalities th a t cannot 
be gone into here, b u t it is w orth rem arking 
th a t a precise understanding o f such phenom ena 
is contributing  a  great deal to the public stock 
of knowledge abou t the teaching process.

General teaching strategy

The adjustm ents th a t the adaptive teaching 
m achine makes to its train ing program m e will 
vary according to the complexity of the m achine 
and the nature  of the subject m atte r being taught. 
Some adjustm ent procedures will necessarily be 
more com plicated than  others, b u t all o f them  are 
subject to the vital requirem ents th a t they should 
keep the student motivated. Unless the adjustm ents 
have the righ t sort o f im pact, so th a t they continue 
to enlist the studen t’s interest and  attention , the 
whole procedure is likely to fall to the ground.

As a first step towards keeping the student 
m otivated, it is essential to adjust the train ing 
program m e to a  level th a t the student is likely to 
find congenial. I f  the instructional m aterials are  
too simple, the student will get bored and  his 
a tten tion  will w ander. I f  the instructional m aterials 
are too difficult, he will get frustrated and  (once 
again) his atten tion  and  enthusiasm  will diminish. 
By moving into a  region w hich is neither too 
simple nor too difficult the m achine can, however, 
give the student problem s w hich he regards as 
challenging and  (m ore im portantly) as being 
w ith in  his im m ediate realm  of competence.

To locate this critical region, and  to stay w ithin 
it if  it shifts, the m achine m ust adjust the standard  
of difficulty o f its instructional items in  a  m anner 
determ ined by the student’s own perform ance.

A nd this can be done by reference to its in ternal 
registers. I f  these registers show th a t the student 
is m aking very few errors, the difficulty is stepped 
up  until the error score starts to rise. A t this point 
the m achine eases off until the error score starts 
to fall again, w hereupon the pressure is gently 
reapplied.

By shifting its level of difficulty in  this way, the 
m achine guarantees th a t the student will receive 
a regular supply of challenging problems. In  this 
respect the m achine satisfies one of the most 
fundam ental hum an  needs— the need for new and 
stim ulating experiences. Looked a t another way, 
it can be said th a t the m achine adopts a pressuring 
technique w hich endeavours to keep the student 
w orking as near as possible to the threshhold of 
his ability. This is an  ideal state o f affairs because 
it means th a t the student cannot afford to let his 
atten tion  w ander far from  the job . In  consequence, 
he tends to be optim ally am enable to the teaching 
process.

As a bonus, it turns out th a t w hen the student 
is working near his peak he m ay well reveal 
incipient weaknesses and  misconceptions th a t 
m ight otherwise no t have shown up. So the 
pressuring technique also tends to maximise the 
am ount of useful inform ation th a t the m achine 
can gain  about the student. (To prevent the 
student from becom ing em barrassed by the 
weaknesses he is revealing, the m achine can often 
conceal the fact th a t it has noticed such weaknesses. 
This protects the student’s ego, and  enables the 
m achine to go on collecting inform ation w ithout 
losing the student’s goodwill.)

Perhaps it should be stressed th a t although the 
m achine m ay succeed in  tem porarily pushing the 
student to the peak of his ability, it is up  to the 
student to decide w hether or not he wants to stay 
there. I f  he suddenly tires o f working under 
pressure he will inevitably start to make mistakes
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(e.g. by failing to answer a test item  quickly 
enough) and  the m achine will prom ptly  slacken 
its pace. As m ight be expected, this whole pro­
cedure tends to generate an  extremely congenial 
relationship betw een the student and  the m achine 
— not unlike the relationship between a  child and 
a  novelty-producing toy. O nce the student starts 
in teracting  w ith the m achine, he tends to get 
perm anently  caught up  in  a stream  o f activity. 
A nd this is hard ly  surprising because the m achine 
is deliberately engaging him  in a sort of intellectual 
donkey and  carro t race. In  the early stages of 
instruction he is offered inducem ents (in the form 
of hints and  sim ilar guidance) th a t enable him  
to improve, b u t as he gets better the inducem ents 
are systematically w ithdraw n.

This situation can be sum m arised m ore formally 
by saying the m achine engages the student in  a 
partly  co-operative/partly com petitive game. By 
giving the student special hints and  guidance the 
m achine clearly does some o f the work th a t the 
studen t’s b ra in  is no t yet capable of doing. In  this 
respect, the m achine can be said to function as a 
co-operative extention o f the student’s brain. But 
the m achine is a  re luctan t co-operator th a t refuses 
to spoonfeed the student. I t  repeatedly tries to 
w ithdraw  its assistance, in  a  selective m anner, 
so th a t the student can stand on his ow n feet. 
A nd this is the com petitive elem ent in the game. 
I t  arises because both  the student and  the m achine 
have the same ultim ate objective— nam ely, to 
reach a state of affairs in  w hich the student is 
able to handle all the most difficult problem s w ith 
the m inim um  of support.

T he adaptive teaching m achine can therefore 
be described as a device w hich forms a close and 
dynam ic partnership  w ith its student in  order to 
maximise some quantifiable m easure of the 
student’s efficiency. T o  this end, the m achine 
sometimes co-operates w ith the student by helping 
him  out of difficulty. A nd it sometimes competes 
w ith the student by pu tting  new difficulties in 
his way. But both these strategies have the common 
aim  of keeping the student on the move. By 
w ithdraw ing its assistance a t regular intervals the 
m achine finds out w hat the student is w orth, and  
endeavours to keep him  w orking a t high capacity. 
In  a  very real sense, the m achine minimises its 
own efforts so th a t the student m ust maximise his. 
But active support is always ready to hand  
w henever the student shows signs of needing it.

Given th a t the student is m otivated to learn, 
effective teaching is largely a  m atter of im parting  
knowledge in a way th a t seems m ost likely to 
resolve the student’s misconceptions. I t  is the 
claim  o f this paper th a t adaptive teaching m achines 
have facilities for keeping the student m otivated

and  resolving his difficulties, th a t the sim pler 
m achines do no t possess to anything like the same 
extent. T hey should therefore be superior to the 
sim pler machines, b u t they are of course con­
siderably m ore expensive.

In  all probability  there are m any school subjects 
for w hich it would be bo th  uneconom ic and 
unnecessary (especially in the case o f “ norm al” 
students) to use the adaptive teaching m achine. 
A nd some non-partisan  research is currently  
being conducted a t R ichm ond to ascertain w hat 
kinds of subjects can most profitably be taugh t by 
w hat kinds of methods.

U ndoubtedly , there are profound differences 
betw een the adaptive teaching m achine and  (say) 
the Skinner-type m achine. A nd this leads one to 
suspect th a t they m ight best be used for different 
purposes. W hereas adaptive m achines keep the 
student working a t the highest capacity congenial 
to him , the Skinnerian m achines tend to keep the 
student working a t the lowest capacity congenial 
to him . T hey therefore operate a t opposite ends of 
th a t narrow  range o f problem s w hich are not-too- 
easy-but-not-too-difficult. By ensuring th a t students 
give correct answers to almost all the test items 
the Skinnerian m achine necessarily presents 
problem s th a t have only m inim al intellectual bite. 
So the student is working in a context in which he 
is seldom fully extended.

This m ay be fascinatingly hypnotic, especially 
to persons who expect the educational process to 
be som ewhat painful. A nd it m ay well be an 
optim um  technique for conditioning people to 
recite the Capitals of Europe or to perform  some 
similar “ rote m em ory” task. But there are 
reasons for doubting the long-term  wisdom of 
teaching in  this way. In  the first place it  equips 
the student ra ther poorly for the outside world, 
where learning usually is painful. Secondly, it is 
probably  inadequate  for the teaching o f any form 
of skill in  w hich there is some ra th e r small body of 
basic ideas or axioms etc. (as in  m athem atics, 
logic, science, jurisprudence, political philosophy 
and  the like) w hich the student m ust learn  to 
m anipulate  in  an  efficient w ay over a w ide and 
unpredictable variety of circumstances.

O n  the o ther hand , the adaptive teaching 
m achines also have their defects. For instance, 
there is a certain  kind of student who becomes 
acutely anxious if  tim e limits are  imposed on his 
behaviour. In  principle, the adaptive m achine 
could be m ade to test for this kind of aversion. 
A lternatively, the student m ight be provided w ith 
a  knob w hich enables h im  to remove the tim e 
constraints under certain  conditions. But all this 
adds both  to the elaboration and  to the cost o f the 
m achine.
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Generally speaking, special-purpose gadgets of 
this kind are subject to the law  of dim inishing 
returns. I t  is no t possible to cater for every hum an 
quirk, and  there is little point in  bothering about 
the odd one or two. Perhaps the best procedure 
is simply to equip the m achine w ith a  distress 
signal w hich is actuated  whenever the student- 
m achine in teraction reaches an  impasse. (W hen­
ever, for instance, the m achine exhausts some set 
of exercise m aterials before getting the student to

the standard  dem anded by the follow-up set). 
T he distress signal would of course sum m on a 
real-life teacher for specialist and  individual 
guidance. A nd this is exactly the function for which 
the hum an  teacher is best suited. M oreover, 
it is a function th a t he would be able to perform 
m uch m ore efficiently because the m achine would 
provide him  w ith a ra ther specific account (on 
punched tape, if  necessary) of w hat had  gone 
wrong.
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