
Some thoughts on Programming
By

RICH ARD G O O DM AN

n P H E R E  are, I gather, a num ber of terms which 
-*• we, w ith  our m ystique, have been bandying 

about which are not altogether clear to some of 
you. T he first th ing I would like to do is to m ake 
quite clear w hat is m eant by a linear program m e 
and  w hat is m eant by a branching program m e. 
I shall of necessity have to be ra th e r dogm atic 
about this. I would rem ind you th a t both  Professor 
Stolurow and  I have emphasised th a t the tenden­
cies are a t the present m om ent no t to be partisan  
about this division between types of program m e, 
b u t to use w hatever type of program m e is best 
suited to the purpose.

T he basic ideas underlying a linear program m e 
are as follows. I am  now  going to be, I hope, 
a fairly orthodox Skinnerian for a  change. Suppose 
we w an t to elicit a response R , w hich m ay be 
quite a com plicated one, given a  stum ulus S. 
Suppose, for instance, we w ant a  student when 
presented w ith a quadra tic  equation  (S), to solve 
th a t equation (R ). I f  you recall the film yesterday, 
Skinner w aited un til his pigeon had begun to 
tu rn  before he pressed the bu tton  and rew arded 
the bird  w ith a  succulent seed; so we m ust start 
w ith the initial behaviour repertoire of the 
student. L et’s assume th a t we start by eliciting 
a response R 1 by m eans of a stimulus S 1; this 
corresponds roughly to the first fram e of our 
program m e. I t will probably  be necessary to 
em bed w ithin the fram e certain  cueing or 
prom pting m ateria l so th a t the probability  of a 
w rong response is radically  restricted. T he student 
responds correctly (R l) . W e now build up 
ano ther fram e, using this response and additional 
stim ulating inform ation (S2) and  elicit a second 
response (S2). In  this w ay we get a  series of 
stimulus-response units, S l - R l ,  S2 R2 . . . until 
towards the end we are able to fade our cues 
or prom pts allocated, and  elicit by an  unprom pted 
stimulus the desired criterion response R  th a t we 
have been working for. T he idea behind linear 
program m ing is th a t you cope w ith  individual 
differences by m aking the learning steps sufficiently 
small so th a t on the average only a  very small 
percentage o f students will m ake an  incorrect 
response a t any particu lar tim e. (The figure 
suggested is abou t 5 per cent.) Furtherm ore the 
whole sequence m ust be so organically organised 
tha t, even if  you should m ake an  incorrect response

to any one item, not only is your response 
im m ediately corrected bu t you will be required to 
m ake the response again, as it were further up 
the line.

W hen we apply this m ethod to verbal learning 
w hat do we get? M ay I show you the first few 
frames of a  Temac program m e teaching the 
symbolic notation used in  m atrices? T he first 
fram e begins “W hen we see a  lo t of houses side 
by side we say th a t they are in a  row ” . W e start 
off, you see, w ith som ething w ith w hich we assume 
everybody is fam iliar and  suppose th a t w hen you 
see a lot of houses side by side you will in  fact 
call them  a  row of houses. T hen  the fram e con­
tinues “A lot of num bers placed side by side
m ight also be said to form a .................... ” Notice
th a t “ a lot o f houses” is paralleled by “ a  lot of 
num bers” placed side by side. This is known as 
formal or structural cueing. H ere is the cue and  
you are required to fill in “ row ” . You are then 
presented w ith the num bers 8, 7, 9, 6, 5, 4, 3. 
Previously we had  “a  lot o f num bers placed 
side by side” , b u t now we have some specific 
integers placed side by side and are required to 
recognise th a t they form a row. But we have also 
to ensure th a t we apply the term  “ row ” (the row 
of a  m atrix) also to a particu lar set of num bers, 
w hich m ay not be integers, b u t are real num bers, 
decim al num bers, if  you like. So we come on to 
the num bers 1 -30, -56, -79 etc. This too is a  row, 
so we m ake sure th a t the w ord “ row ” will not be 
associated only w ith a  row of integers. W e now 
continue the house-building analogy— “ Bricks laid 
one on top of the o ther form a column. Num bers 
can be w ritten  one below the o ther also. I f  they 
are so w ritten  they are  said to form  a  . . .”  T he 
required  response is also “ colum n” ; you have a 
column of num bers. A gain we move forw ard: “ T he 
num bers which form  a row or colum n are  called 
the elements. T he following row has four elements 
and  the following colum n has four . . .” W e 
proceed in this way to  build  up w hat is in  fact a 
vocabulary, a  m athem atical vocabulary in  this 
case.

A lthough you m ay start w ith such simple frames, 
you will find th a t as you proceed, your frames, 
your individual inform ation items become m ore 
com plicated. For example, in  the particu lar
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program m e a t w hich we are looking, the 286th 
fram e and  the two succeeding frames are certainly 
ra th e r m ore com plicated. I don’t w an t you to 
read these in  detail b u t m erely to ask you to notice 
th a t quite a  num ber o f responses are  required  in 
each of these particu lar frames. T he frames tend 
to become longer as the learning process pro­
gresses. Thus we finally come to frames which 
present quite com plicated inform ation, and  the 
learner is required to complete a  simplex tableau. 
Notice the num ber of responses here, four in this 
frame, and, in this one, some dozen or more. 
H ere you have your fram e designed to elicit a 
very com plicated response. This illustrates the way 
in  which, in  a linear program m e, you gradually 
build up  from a very simple to quite com plicated 
responses.

This kind of linear program m e structure is quite 
effective w hen we are trying to teach association, 
to teach the syntax and  semantics of a language, 
using “ language” in  the widest sense; bu t supposing 
you have got a  problem-solving situation— a 
situation in w hich the problem  is a real problem , 
and  not, as often in  text-books, a  faked one, a 
problem  tha t really does challenge the learner— 
then we m ust expect mistakes to be m ade. Look 
a t it in a  slightly different w ay: you m ay, w ith 
Skinner, deal w ith individual differences in 
certain  fields by breaking down your m aterial 
into such small steps tha t the individual differences 
between various learners are not apparen tly  
significant; bu t if, on the o ther hand, you are 
dealing w ith m aterial in which individual differ­
ences and  errors become unavoidable, im portant, 
and  even significant, then you have to adopt 
a different kind of a ttitude and  a different technique 
of program m ing. H ere is a  sequence of branching 
frames. They, too, should be overlapping, bu t for 
the sake of sim plicity in  draw ing the diagram , 
I am  not going to m ake them  do so. But we stress 
th a t one should lead organically into its successor. 
This represents a sequence of inform ation steps, 
or w hatever you like to call them  th a t you 
anticipate the “ average” m em ber of your group 
will follow w ith success. These are the “ correct” , 
m ain sequence frames.

Now in each fram e you give a piece of infor­
m ation and  a t the end of tha t fram e you test 
w hether this inform ation has been successfully 
com m unicated or not by posing a  diagnostic 
question. W hen you have worked out and  w ritten 
down your answer, you are given a list o f “ plausible 
answers” . O ne o f these will be the correct answer, 
and  one o f them  will be a  “ catch-all” answ er; 
if, having worked ou t your answer to the problem , 
you select the correct answer, as m atching the 
answ er you have obtained, you will be directed 
to the next fram e in  the m ain sequence. T here 
you will be told th a t your answer is correct and,

to elim inate the possibility, or to reduce the effects 
of the possibility, th a t you have selected this 
righ t answer for the w rong reason, it is norm al 
im m ediately to surmise the reasons w hy the 
answer chosen is correct. T hen  you are presented 
w ith a  new  quan tum  of inform ation and  are tested 
again. Suppose, however, your answer m atches 
an  “ answ er” w hich is the one arrived a t as a 
result of a  careless m anipulative step (you may 
have m istaken a minus for a plus) you are taken to 
another fram e w here you are told th a t unfor­
tunately you are  incorrect, given ju st sufficient 
extra inform ation to pu t you on the right track 
and then you are sent back to tackle the problem  
again. This is the function of the “ R e tu rn ” button  
in the Autotutor or Grundytutor; when you press it, 
it counts one error.

H owever, it m ay so happen th a t one of the 
listed “ answers” m ay result from m isunder­
standing an  idea or failure to acquire the skill 
taught in previous frames. In  this case, the error 
is ra th e r m ore serious and the student m ay be 
switched to a revisionary sequence of either a 
linear or branching structure, until he has shown 
th a t he is now not likely to m ake such a mistake 
again. H e m ay then be taken back to the original 
fram e to try  again. O n  the o ther hand, it m ay be 
th a t even a t this stage he still shows th a t he hasn’t 
m astered the sequence and  so m ay very well be 
taken back to some previous m ain  sequence fram e 
and be restarted there. I f  we rem em ber th a t each 
test is diagnostic it m ay be th a t the student gives 
an  answer very m uch m ore intelligent than  the 
official “ correct” answ er; then you m ay whip 
him  forward to some later fram e in  the m ain 
sequence (“ accelerative b ranching” ). O r alter­
natively, the answer m ay be such as to indicate 
th a t the particu lar student is w orth while being 
given enrichm ent inform ation th a t you would 
not norm ally give to the “ average” successful 
student (“ enrichm ent branch ing” ).

In  m any o f the existing branching program m es 
(the prim itive “ intrinsic” program m es o f the 
Crowder school) the m ethod of presenting infor­
m ation in  any fram e is open to criticism, because 
it is served up  in som ething like a m iniature 
“ lecturette” or conventional text-book section, 
and  is thus perhaps as inefficient as most lectures 
and  most text-book sections. T here is no reason 
why, in  such circumstances, one should not break 
this “ lecturette” down into a sequence of linear 
frames each requiring  construction response before 
requiring the student to answer a diagnostic-type 
question.

T here is another point I would like to m ake in 
this connection— the im portance of form ulating 
the diagnostic question very carefully. I f  you use 
the prim itive m ultiple-choice type of question,
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you have to form ulate it  in such a  way th a t guessing 
the correct answer is m ade difficult. T he prim itive 
conventional C row derian m ultiple-choice type of 
question is adequate if  it  adm its only a  “ yes-no” 
answer. But, on the whole it  is preferable to 
ensure th a t the student has to construct overtly 
his answer before the set of plausible answers is 
revealed to him. This leads to a m ore sophisticated 
type o f questioning w hich requires him  first to 
construct his answer, and  only after he has done 
so m atch  the answer w ith one from a “ plausible” , 
exhaustive set. This we call the constructed-choice 
m ethod.

These, then  are the most elem entary kinds of 
program m ing possible w ithout using a  com puter.

W hich you select as your m odel will be deter­
m ined only after careful consideration, after you 
have effected the strategic and  tactical breakdown 
of your m aterial, after facing up  to the question 
w hether the largest population of students for 
w hich this program m e is intended will exhibit a 
considerable spread or not, and  after having 
determ ined w hether the particu lar m aterial to be 
program m ed is syntax-sem antic type or problem ­
solving recognition type. I t  m ay be th a t further 
analysis o f m aterial will be required so th a t you 
m ay find th a t certain  phases are best dealt w ith 
by a relatively linear technique and certain  phases 
are best done by a branching technique.
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