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The rationale is to be found in ‘ Cognitive Psychology,’ which is itself 
almost as vague a term as ‘ Education.’ Taking our start from the classic text- 
book of Neisser(l967),we can say that it includes all those parts of experimental 
psychology which have to do with complex percepfion, the organisation of 
memory, language, thinking, and in general the complicated processes which 
underlie the intellectual side of human life. Investigators working in this area 
tend to express their theoretical findings in one of two ways. First, they may 
draw a block diagram consisting of a series of boxes, each representing a function 
or process going on within the nervous system, and any particular item of 
information is supposed to find its way from block to block as it is processed. A 
typical example is shown in Figure 1, which represents a simple outline of some 
of the views of Broadbent (1958,1971). In this diagram, information is supposed 
first of all to enter a short-term storage system which will hold a number of 
items of information simultaneously : some of these items are selected from this 
short-term store by a filter, and pass through a system for categorising or 
encoding the item, so that the same central event will occur whether the man 
sees the word ‘ two ’ or ‘2’ or ‘11’ or hears a male or female voice saying the 
word ‘ two.’ From the categorising system, the information is supposed to go to 
long-term memory. Thus, a particular item of information moves from one 
place to another within the system. 

FIGURE 2 

A TYPICAL * FLOW CHART ’ THEORY OF CUGNITIVE PRocesseS. 
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The other kind of diagram drawn by cognitive psychologists is apow chart 
iike that in Figure2. Herewe aredealing no longerwith information moving from 
place to place, but with events at one place at successive moments in time. 
In this example we see the successive events which might go on when a man is 
deciding on his future course of action at some time in the early evening. He 
might decide successively that he wished to eat his dinner, that he had no food 
in his larder, but that he did have money and would therefore go to a restaurant, 
or be might take a different decision at any point and go through a different set 
of actions. Indeed, he might get into an endless loop which can only be broken 
by his deciding that he does not wish to eat dinner after all ! Notice that rather 
different kinds of behaviour would be produced by a man who thought about 
imposing on his friends before he considered the state of his own larder, rather 
than the opposite sequence, and one could, therefore, examine the actual 
behaviour to see whether it agrees with the theoretical model. The diagram 
does, however, represent a series of events in the same place at successive times, 
rather than a series of places in which the same information can be located : it 
involves time rather than space. An example of a flow chart for a more com- 
plicated piece of human behaviour is given by Winograd (1972, p. 64) for the 
case of a computer analysing a sentence and deciding on the tense of the verb. 

Both kinds of diagram are extremely useful in representing what happens 
inside people. However, they very rapidly become extremely complicated, and 
another purpose of the present paper is to point out another way in which 
psychological events can be described. 

With these background points in mind let us consider three fields in which 
cognitive psychology can be related to education. 

THE MICROSTRUCTURE OF TEACHING 
If we think of a particular child in one school at one time, he or she is 

surrounded by a vast array of incoming signals, perhaps especially so in a modern 
open classroom. In general terms, however, Figure 1 represents a genuine 
limitation on his performance : he cannot process simultaneously everything 
that reaches his senses, and has to select from what is present. If something is 
not noticed at the time it happens, it has hardly any chance of affecting long- 
term memory (Moray, 1959 ; Turvey, 1967). Yet it is by no means automatic 
that the particular stimulus which interests the teacher will be the one which gets 
access to the processing centres of the child. Even an adult, when f a d  by 
strange visual patterns differing in a number of features, tends to classify them 
by the features which vary most conspicuously (Imai and Garner, 196s) ; and 
similarly it would be optimistic to expect the child to notice inconspicuous 
features of visually presented letters, when there are large bright objects also in 
the visual scene, or to listen to a quiet and monotonous voice explaining a 
problem, when there are loud and suddenly changing bursts of laughter or 
traftic noise occurring at intervals. The extreme view of education described 
earlier, in which information is made available for the enquiring mind to 
discover, can only be a caricature because the information has to be presented in 
some physical form. That form and the background of stimulation which 
surrounds it will, in fact, decide whether the child attends to this item of informa- 
tion or to something else in the surroundings. No matter how apparently 
undirective a school or a home may appear to be, biases of this kind exist, and 
should be handled deliberately rather than left to chance. 
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Indeed, the doubt which many of us would have about a traditional 
‘ chalk-and-talk ’ classroom would be that it violates some of the principles of 
control of attention ; the use of low intensity stimulation continuing for a 
prolonged period from a single direction, the lack of link to any existing interest 
of the child (see Moray, 1959, again) and so on. The danger to be avoided is 
that, in changing such a situation, one might still fail to present information in 
such a way that is noticed. Audio-visual aids, for example, can indeed replace 
the traditional classroom by intense, changing and interesting stimuli, yet 
laboratory studies of attention would lead us to expect that there is still a limit 
to the amount of information which can be presented in a certain length of time, 
and merely by adding stimulation of the ears to that of the eyes we cannot expect 
twice as much to be assimilated. If what is being heard is truly independent of 
what is being seen, then we can take in either but not both (see for example 
Mowbray, 1953). The proper use of sound and vision together is rather to 
provide variety of stimulation by changing at intervals from one channel to the 
other, or else to present to eye and ear signals which are alreadycloselyrelated to 
each other in the child’s experience, such aswords being spoken bya facewhich is 
seen or words which pick out one part of the visual scene for special attention. 

Most of the experiments which make these points have been performed 
with adults, yet the work of Maccoby and Konrad (1967) shows that similar 
principles apply with quite young children, and indeed, that younger children 
are less helped in attention by the occurrence of a sequence of probable events. 
As yet they do not know that a word dealing with a particular topic is likely to be 
followed by another word on that same topic, and the task of holding attention 
on a single problem may, therefore, be harder for them than uninstructed adults 
will realise. Experienced teachers already understand the importance of the 
physical facts underlying attention ; perhaps they too may forget that their 
inexperienced colleagues do not know these things ! The laboratory experiments 
of cognitive psychologists, therefore, can help us to design the detailed environ- 
ment in which learning takes place, with a slightly better chance that the child 
will notice and react to the information that is being presented. 

Even when a child has noticed something about a situation, the way it has 
been noticed is important. Morton (1967) has a light-hearted demonstration of 
the importance of this factor, in a study which involved asking regular telephone 
users to reproduce on the telephone dial the positions of the letters and digits. 
Although they have seen and reacted to these stimuli many times, most of them 
have not learned which holes in the dial contained which letters. They had, of 
course, no need to do so: their response to the letter when dialling it was merely 
to put a finger in the appropriate hole, and not to organise the information in 
some form appropriate to long-teim memory. Here again, one can see the 
reasons for discontent with the traditional classroom. Suppose a child is 
presented with a list of the kings of England and merely processes this informa- 
tion in such a way as to pass a classroom test at the end of the week, it does not 
follow that his behaviour has been affected in any other situation. Yet, equally, 
one might deduce from Morton’s experiments that some modem alternatives to 
drill are ineffective. A child who repeatedly discovers the results of multiplica- 
tions by using rods or repeated addition will not therefore acquire a long-term 
store of information sufficient to check change in the supermarket. 

There are many laboratory examples of a similar kind. For example, you 
can be made much less efficient at recognising that the word ‘jam ’ has been 
presented to you on a previous occasion. if last time it appeared it was accom- 
panied by the word ‘ traffic ’ while on the test it was accompanied by the word 
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‘ raspberry ’ (Light and Carter-Sobell, 1970). Cognitive psychology not only 
warns us that information we present may fail to get into the nervous system at 
all, but also makes it clear that the future effects of what is seen or heard depend 
very much on the categories or codes into which the information is placed. 
Although we started by looking at an individual child in a particular classroom at 
a particular time, these categories and operations go well beyond a particular 
situation. We ought to turn, therefore, to the longer term problems of the 
organisation of memory. 

THE STRUCTURING OF LONG-TERM EXPERIENCE 
Most of us are familiar with the situation of failing to remember something 

which on some later occasion we can recall quite easily-or which we can 
recognise as soon as somebody suggests it to us. In some sense the information 
is stored in memory, but it is not accessible. This everyday experience might 
mean merely that some memories were weaker than others and that, although 
detectable by sensitive means, they require some extra push to bring them above 
the threshold of recall. Laboratory experiments, however, confirm the everyday 
experience, and show that it is not to be explained away in such a simple fashion. 
To take just one example, an experiment by Broadbent and Broadbent (1975) 
measured performance for recognition of words drawn from a previously 
presented list. This was compared with another condition in which the experi- 
mental subjects first tried to recall the words from the list. As might be expected 
they forgot some words. Performance at recognising these ‘ forgotten ’ words 
was, however, just as good as performance in the other condition. The forgetting 
of a word, therefore, does not mean that it is weakly stored within the nervous 
system : it must be that the stored trace is difficult to find under the conditions 
of the test of recall. 

In terms of an analogy, suppose you lend a book to a friend : there may 
then be two quite different reasons why he does not return it. The first reason is 
that you may not have written your name in it, so that when he happens to come 
across the book on his shelves there is nothing to tell him who is the owner. 
The other possible difficulty is, however, that he has a lot of books in his house, 
that they are arranged in random order, and that consequently he cannot find 
your book although he knows that it is yours. The first of these is analogous to a 
test of recognition, in which the item is presented but the problem is to decide 
whether it has occurred previously. The second situation is analogous to the 
test of recall, in which the problem is to find the item which occurred on (belongs 
to) a particular occasion. One advantage of this analogy is that it makes clear 
that the storage of information is much less likely to cause trouble if certain 
steps are taken at the time of storage : if your friend thinks he is likely to meet 
the book and wonder whose it is, he should write your name in it. If on the 
other hand he thinks he is more likely to meet you and to be asked for the book, 
then he should keep his books in an organised fashion, such as alphabetically 
by authors or with borrowed books in a special place or with books on a 
certain topic in a certain place, or something of that sort. If we return to the 
case of human learning, the ability to make later use of one’s experience depends 
on the encoding or organisation of material at the time it arrives, and this has 
been the topic of many recent experiments. 

One common theme, for example, has been the advantage for memory of 
subdividing experience into a number of related clusters or groups. Thus, if 
one presents lists of words in which several words belong to one category such 
as being parts of the body, while others belong to other categories such as 
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being names of animals, types of transport, etc., it has been known for some 
time that the words in the same category tend to be recalled together rather 
than separately (Bousfield, 1953). Tulving and Pearlstone (1966) showed that 
recall in such a situation was helped by providing the experimental subject with 
the names of the categories to which the words belonged. It is important that 
the categories in which the material is divided are genuinely imposed by the 
learner rather than merely being present in the material. Mandler and Pearlstone 
(1966) showed that words arranged according to the subject’s own organisation 
were more readily learnt than words in a scheme devised by the experimenter. 
Nevertheless, the way the material is presented may make it much easier or much 
harder for the learner to structure it in useful ways : one of the most dramatic 
examples is a study by Bower et al. (1969). In this case, lists of words were 
given which could objectively be divided into a number of subcategories, and 
these in turn could be grouped together into larger categories, making a tree or 
hierarchy. For example, living things could be divided into plants and animals, 
the latter into vertebrates and invertebrates, and so on. It was much easier for 
learners to reproduce the material if they had had the classificatory scheme 
available at the time of the presentation, even though it was not given at recall. 

This hierarchical classification of the material is very much the sort of 
system used in many libraries and can send us back to our analogy of somebody 
finding a book. It would seem that somebody who learns new material with a 
tree-like classification in mind has the same kind of advantage as the book- 
borrower who places the book on a shelf reserved for the modem English 
subsection of the bookcase devoted to poetry, which is in the room in which he 
keeps non-technical books. From the educational point of view, the point is 
once again that routine learning by drill is unlikely to give satisfactory perform- 
ance later, but that equally it will not be useful to leave information about in a 
haphazard way for learners who have no strategy of analysis for classification of 
that which is being presented to them. As the experiment of Bower and his 
colleagues shows, such a procedure does not arise by the light of nature : it has 
to be imphit in the presentation, or possibly trained as habitual sets ofoperations 
to be performed on anything presented for learning. 

Useful though it is, the hierarchical method of organisation is not the only 
possible one. Much of the mental furniture of Western man consists of tree- 
like structures of subsets and supersets. Collins and Quillian (1969) even 
suggested that such a method of organisation could be revealed in the time 
taken to check the truth or falsehood of certain statements. For example, it 
takes much less time to accept the statement that ‘ canaries are yellow ’ than 
‘ canaries breathe,’ where the former is a specific property of canaries but not 
of all birds, while the latter is a property not merely of birds but of other kinds 
of animal as well. This is the sort of effect one might find if knowledge was 
stored inside the brain in a branching tree, so that it took less time tocheck the 
properties of a canary than it would take to go upwards by even one step and 
check the properties of all birds. However, this striking conjecture does not 
seem to be generally true, and probably applies only to particular kinds of 
material (Landauer and Meyer, 1972). Hierarchical organisation is only one 
of the possible methods : the property of being yellow is not specific to a small 
subset of birds, but is shared with bananas which are not animals at all, or with 
gold which is not even living. There is, therefore,a different possible classification 
in terms of primary colours, exact shades and degrees of saturation and so on, 
cutting altogether across the kind of classification we mentioned earlier. A true 
representation of everything that is said or remembered about the world would 
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be a network rather than a tree, so that all the yellow objects would beconnected 
to a common point in the network, as well as all the birds connected to a different 
point. Furthermore. if the model of the world inside our heads is accurate, it 
would need to contain the nature of association in each case : it is not enough to 
know that ‘ man ’ and ‘ dog ’ are both associated with ‘ bites,’ because it is also 
very important to know whether the man is the agent or the patient of the verb, 
the biter or the bit. As a result, a complete network of properties and relation- 
ships will become very complex indeed. Examples are given by Lindsay and 
Norman (1972), and it can be seen that a network representing the information 
contained in a single sentence may spread over a whole page. In practice, the 
classifications used by human memory have to be rather simpler than this : 
they may be hierarchical, or cross-classified by, for example, colour and species 
in the example given above ; or they may be by a single dominant link from each 
item to one other without the nature of the link being the same in each case 
(canary-sing-opera-conductor-bus). Each of these takes one set of paths out 
of the full possible network which represents the world, and uses it as a way of 
linking parts together-just as our book-borrowing friend is free to arrange his 
books in a number of different possible ways. As we have already said, he could 
have a hierarchical arrangement in which modem English poets were a subset 
of poets in general, and poets a subset of non-fiction as a whole ; or he could 
have a cross-classified system in which poems were on one shelf and novels on 
another but modem English books were on the left-hand end of the shelf in 
each case and eighteenth century French at the right-hand end of the shelf. 
He could even, as many of our friends do, put each book next to another which 
seems to him relevant, although the whole shelf may then have a very bizarre 
look. 

As yet, we know little of the relevant advantages and disadvantages of 
organising memory-nor indeed of organising one’s own books ! Almost 
certainly, there is no single best method and the particular circumstances of a 
person will determine the approach they would be best advised to use. From 
the point of view of an educationalist, however, the main fact which should be 
borne in mind already is that fresh knowledge will always be entered into an 
organisational system which already exists, even though it may be primitive. 
If one presents material for learning in a fairly free situation and notices the 
manner in which people set about learning it, extreme cases can be found in 
which an individual works always on the basis of a single property at a time, 
so that he analyses what he is learning in a piece-by-piece way similar to that 
involved in a hierarchical system. Others on the other hand work with cam- 
binations of properties, as if they were using a crisscrossing method of 
organisation. Most important of all, each kind of individual learns better 
with material designed on his own principles than he does on material arranged 
in accordance with the opposite principle (Pask, 1972 ; see also Chapter 6 in 
Broadbent, 1973). Different teaching methods are appropriate for different 
people : it is particularly important to realise this, because each of us find it 
intuitively unreasonable that a method of presentation he himself finds hard to 
understand may be positively easier for somebody else. At the level of anecdote, 
I can well recall a child taught history in terms of striking human incidents and 
personal drama, on the grounds presumably of adding interest, who complained 
bitterly that nobody had ever told her whether Nelson put his telescope to the 
blind eye before or after King Charles hid in the oak tree. 

To summarise thus far, information of value must receive attention if it is 
to be stored : and it must also be categorised or processed so as to place it in an 
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organised structure of knowledge. Because that structure already exists at least 
in part, different teaching methods will be appropriate for different individuals. 
All that we have said thus far, however, seems to refer to the knowledge which 
the child acquires, rather than to the development of the powers of the individual. 
It could well be argued that it is the latter rather than the former which is the 
chief business of education, and that development consists of fresh expansion of 
abilities rather than dead storage of facts. This would, however, be a false 
antithesis, and one of the best ways of seeing this is to consider some of the 
recent theoretical approaches to a popular problem in development, the attain- 
ment of the ability to perform tasks of the kind designed by Piaget. 

PRODUCTION SYSTEMS AS A THEORETICAL APPROACH TO 
BEHAVIOUR 

The next part of this paper will be based upon theoretical ideas put forward 
by Newel1 and Simon (1972). In their original presentation they were applied 
to adult problem-solving, but they have also been used as an approach to 
understanding the bhaviour of children, in particular by Klahr and Wallace 
(1972). Because the ideas are rather unfamiliar, it is probably easiest to start 
by putting them forward dogmatically and without qualifications, so as to follow 
our own earlier recommendations of securing attention to essential rather than 
irrelevant information ! Some possible lines of criticism can be put later, but 
the strength of the approach to be described is that it dissects mental functions 
into separate components, each of which is extremely simple. This advantage 
would not be affected by any of the criticisms which will be made later. 

FIGURE 3 

A SET OF RULES FOR CHANGING GEAR. 

LTM 

Engine screaming- 4 CHANGE UP 

Engine labouring - -+ CHANGE DOWN 

CHANGE UP+ lever movedSpeda1 up - delete CHANGE UP 

CHANGE UP+lever moved+pedd down - + pead UP 

CHANGE UP+pedal down - -+ move lever 

CHANGE UP +pedal up - --f pedal down and ease engine 

CHANGE DOWN+ - - - - - - - - - - -  
I 
I 
I 
I 
I 

Lower-case words represent events in the outside world, and capital letters those in short-turn 
memory. When the events on the lef't-hand side of a*& are observed, the action onsthe 
right-hand side is taken. Thus, if the engine is scmmmg. the driver puts ' CHANGE we ' mto 
short-term memory. If two N I ~  are both applicable, the one higher in the list controls action. 
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Lowercase letters represent events in the outside world, and capital letters those in short-term 
memory (STM). In the long-term memory (LTM) there are rules indicating the action to be 
taken when certain combinations of outside and STM events occur. 

Let us start by thinking of a man driving a car, and trying to devise a set 
of rules which could control his gear-changing, and which might be supposed to 
rest in his long-term memory (see Figure 3). Each of the rules in long-term 
memory consists of two parts : on the left-hand side of the rule there are 
specified conditions under which that rule is to be used, while on the right-hand 
side are the actions of the processor which are to be performed if the rule is in 
fact put into operation. The conditions are events either in the outside world or 
in short-term memory : in our diagrams the former are represented by lower 
case letters and the latter by upper case letters. When uncertain what to do, 
the man examines the list of rules successively one after another, until the first 
time a rule is met whose conditions correspond to the actual state of affairs. 
Thus, with the set of rules in Figure 3, the man would do nothing until his 
senses informed him that the engine is either labouring OF screaming. If it is 
screaming, the symbol ‘CHANGE UP’will be inserted in the short-term memory 
When the list is re-examined, normally speaking the first rule which will then 
apply will be the sixth, which will result in pressing the clutch pedal and easing 
the accelerator. This in turn will make the fifth rule applicable, which will 
produce a movement of the gear lever : this will make the fourth rule applicable 
and result in the release of the clutch pedal. Only at this stage will the symbol 
‘ CHANGE UP ’ be removed from short-term memory by the operation of the 
third rule, and all will continue as before. We have, however, taken only one 
possible sequence of operations : if for some reason there was a difficulty 
half-way through the sequence, later stages would not occur until the hitch had 
been removed, and correspondingly early stages could be skipped if the required 
actions had already taken place. At the end of the sequence, if changing up 
resulted in the engine labouring, changing down would occur automatically and 
so on. Hence, a very complicated network of operations can be represented by 
a rather short set of rules. 

Now let us think more abstractly, not of a man in a car, but of a mechanical 
system which would act in this same flexible and adaptable way. Essentially. 
we are supposing a system of the kind shown in Figure 4. This diagram bears 
close resemblance to Figure 1. Once again, it is a block diagram containing four 
boxes, the senses, the short-term memory, the long-term memory and a 
‘ processor.’ The latter acts in a fixed and mechanical fashion, to change either 
the symbols in short-term memory or the state of the outside world and, there- 
fore, of the senses. Exactly what it does is decided by the content of long- 
term memory, which consists of the series of rules. 
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In the state of affairs in Figure 4 neither of the first two rules would go into 
action, but the third would. It would result in the deletion of an item from 
short-term memory and its replacement by another, and also in a change in the 
outside world. After this, the list of rules would be examined again. and thanks 
to the changes which have been made the third rule would no longer operate, 
and only the fifth would apply. 

A system of this kind fits very well with the kind of thinking suggested by 
recent experiments on human behaviour. Indeed, its resemblance to Figure 1 
makes this scarcely surprising. When running, however, it will go through a 
series of operations which might be described by a flow chart of the type shown 
in Figure 2. It needs no ' little man ' to control it, and it has the merit that it 
will represent a very large and elaborate flow chart within a relatively small 
system of rules. 

As the next step, let us consider the kind of rules which would be necessary 
for the system to undertake simple tasks which children can perform, such as 
counting the number of objects of a certain shape. We will suppose that there 
are only four positions in which shapes can appear : for convenience, let us 
suppose that there are squares in positions 1 and 3, and a circle in position 2. 
Part of a suitable set of rules for long-term memory appears in Figure 5. This 
particular set of rules will allow the system either to count squares, to count 
circles, to copy the symbols or to produce a reversed copy of the symbols, 
depending upon the particular instructions which are residing in short-term 
memory. Let us trace through, as an example, the sequence of events if the 
system is instructed ' COUNT SQUARES ' : the contents of short-term memory, 
and the action taken, at each successive stage in time are shown in Figure 6. 

FIGURE 5 

A SET OF LTM RULES FOR cou"G, COPYINQ, OR ~ ~ P Y I N G  IN b V E R S E  FOR A VISUAL DISPLAY 
CO"INO THREE POSITIONS. EACH HOLDING ErrrreR A SQUARE OR A e C L p .  

LTM 

POSITION 4 BEING EXAMINED - + STOP 

STOP+COUNT - + Report total 

CONTINUE - Add one to ' POSITION BEING EXAMINED,' 
delete CONTINUE and detect 

COUNT-tno memory of total - --t Remember TOTAL=O 

Remember 

REVERSE +no memory of POSITION BEING POSITION ONE BEING 

COUNT EXAMINED - + EXAMINED and detect 

+ draw square and CONTINUE Square detected + COPY - 
Circle detected+COPY draw circle +CONTINUE 

copy I 
Square detected + REVERSE -- draw circleSCONTINUE 

Circle detected+REVF!RSE - draw square+CONTINUE 

Square detected+COUNT SQUARES - Add one to TOTAL and CONTINUE 

Circle detected+COUNT SQUARES - CONTINUE 

Square detected+COUNT CIRCLES ____t CONTINUE 

Circle detected+COUNT CIRCLES - Add one to TOTAL and CONTINUE 
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The first step is that, by the operation of rule four, short-term memory 
records ' TOTAL=ZERO.' The next event that occurs is that by the operation 
of rule five, the system examines position 1 to see what symbol is present. By 
the operation of rule ten, this results in 'TOTAL BEING INCREASED BY 
ONE,' and the next position being examined. After all three positions have been 
examined, the system will stop with a total equal to two, which is, of course, the 
number of squares present. The same system of rules would have resulted in a 
quite different sequence of operations and a different result if the symbols 
presented to the senses had been different, or if the instructions had been 
different. 

FIGURE 6 

"HE EVENTS WHICH OCCUR IP THB S u m  OF Frou~e 5 IS TOLD TO ' ~ U N T  SQues' AND 
SHOWN A SQUARE, A ClRCLR AND A SQUARE. 

SUCCESSIVE 
TIMES 

STM - I 
INSTRUCTION POSITION BEING TOTAL 

EXAMINED 

1 COUNT SQUARES - 
2 COUNT SQUARES - 

3 COUNT SQUARES 1 
+CONTINUE 

- 
0 

1 

4 COUNT SQUARES 2 1 

5 COUNT SQUARES 2 1 
+CONTINUE 

6 COUNT SQUARES 3 2 

7 COUNT SQUARES 3 2 
-?-CONTINUE 

8 COUNT SQUARES 4 2 

ACTION 

store ' TOTAL=O ' 

store ' POSITION 1 
BEING EXAMINED' 
and &t& (finding a 
s q u w  

Add one to POSITION 
delete CONTINUE 
and detect (hding a 
circle) 

Restore CONTINUE 

Add one to POSITTON 
dekte CONTINUE 
and detect (5- a 
square) 
Restore CONTINUE 

Add one to POSITION 
delete CONTINUE 
and detect (hding 
nothine) 

STOP 

The ability to count objects of a certain type, which we have just been 
discussing, is obviously one of the elements in successful performance of a task 
such as the ' class inclusion ' task of Piaget. That is, presentation of a set of 
objects all of which possess property A, while some of them possess property B 
and others do not : with the question "Are there more A or B?" Wallace (1974) 
has generated sets of rules which will perform this task, and which will fail if 
certain rules are missing. He has also compared the behaviour of actual 
children before and after the stage of successful performance of the task, in 
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order to observe similarities and differences between their behaviour and that 
of the theoretical model. Certain elementary forms of the theoretical model can 
easily be disproved : for example, if the child were to look at each member of 
the subset in turn, add one to a ‘ Total ’ and mark the item as counted it could 
succeed in the task, and it would fail if something went wrong with the marking 
of items as having been counted already. However, a system of this kind would 
either perform quite well even before it reached the stage of perfect performance 
(because if it happens to count the larger set first, it would get the right answer) 
or else it would show a bi-modality of response times. Neither of these findings 
is in fact observed, and so this over-simple theory can be disproved. 

When, however, a more complex form of model was constructed, it justified 
itself by displaying behaviour which was unexpected and which nevertheless did 
appear in the performance of actual children. In the model finally adopted by 
Wallace, the system would search for an example of the class which was to be 
counted, and then count all similar objects. There is a deliberate ambiguity in 
the word ‘ similar.’ Clearly, the system could either count objects similar to the 
example in every way, or objects similar only in the particular feature which led to 
the example being chosen in the first place. Supposewe imagine a child trying to 
count the squares when faced by an array of eight red and four black squares 
Whichever object is picked first will be similar to all the other eleven in respect 
of its squareness, but to a smaller number in respect of its colour. Thus, until a 
rule for picking objects can be based on only one sensory dimension, the child 
would fail the task. This implies failure at the apparently simple task of merely 
counting the squares, without the extra complications implicit in the usual 
question “Are there more squares or red objects ? ” Most attempts to explain 
this process of development assume that counting as such is well established. 
Yet, in fact, in Wallace’s experiments any child who failed the usual class 
inclusion question also failed the apparently simple task of counting the larger 
class of objects. Training could be given in this particular function, by presenting 
‘ objects ’ which were actually patches of colour seen through separate shaped 
masks, so that one dimension could be separated from the other very easily as an 
illustration of identity. After such instruction, some children could succeed in 
the original class inclusion task with the extra elements of repeated counting and 
comparison. 

This form of theorising has therefore been justified, at the least, by its 
suggestions of a novel observation which sheds rather different light on the 
process of development observed by Piaget. We will return shortly to the 
general implications of this system for education ; before doing so, it may be 
appropriate now to point out some of the limitations. 

Criticisms of the ‘ Production Systems ’ Approach. 
It is unlikely that anybody would wish to challenge some features of this 

approach, although they may not have been stated so clearly before the work of 
Newell and Simon. It does seem highly probable that any adequate model of a 
child’s behaviour will include some long lasting rules of behaviour common from 
one situation to another. It will also include some temporary or short-term 
representation of the fact that the child is, at this instant, counting rather than 
copying : this kind of memory must last throughout the duration of a task, but 
disappear when the task is complete. Similar arguments apply to the short- 
term memory of the total so far counted, or the objects which have been counted 
previously. Again, there would be widespread agreement about the existence of 
some ‘ processor ’ which creates the short-term memory of the total counted 
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(' says it to oneself ') and undertakes similar functions. There are, however, a 
large number of details in the model which are inessential, and could quite well 
have been different. To take the least important first, the processor is supposed 
to undertake only one action at a time-as do the processors in contemporary 
computers. This is almost certainly too simple an account of what happens in 
human beings, since our knowledge of the structure of the brain certainly 
suggests that some low level processing goes on in parallel with that occurring at 
higher levels. The extent to which parallel processing can occur throughout the 
system, is, however, somewhat controversial. Even the evidence suggesting a 
limited capacity for processing information does not mean that processing must 
be entirely serial, if the quantity of information involved is relatively small. 
However, for rough practical purposes one can accept a serial processor as an 
approximate model of what happens in human beings (Broadbent, 1971). 

A little more serious is the fact that this model uses only one kind of short- 
term memory : Wallace, in fact, already modifies this by supposing separate 
short-term memories for different kinds of information and from the data of 
cognitive psychology one would certainly expect partially separate memory 
storage for visual and for auditory information, for semantically encoded 
information, and so on. One could perhaps put this point as sharply as possible 
by saying that, in this model, it should be possible to get a spoken report of the 
goal which is controlling behaviour at any moment ; but this seems a little 
doubtful in fact. 

Perhaps the most arbitrary feature of this approach lies in the procedure 
adopted for deciding that one rule rather than another shall control behaviour. 
As described, the system searches one after another through the rules in long- 
term memory, and stops at the first one which meets the case. When examining 
each rule, it looks simultaneously at everything present to the senses and in 
short-term memory. Yet one could imagine a system working on exactly the 
opposite basis, which considers simultaneously all the rules in long-term memory, 
but looks one after another at each item in short-term memory and at each object 
in the outside world, stopping the first time it meets a condition which satisfies 
the rule. Even more frightening, a little introspection suggests that human 
beings may work on one basis in some situations and on another basis in other 
situations : what would be the rule for deciding which procedure to adopt ? 

Educational Implications of the Approach. 
The foregoing criticisms have been given because they are bound to strike 

any careful reader as being arbitrary features of the theory. It is important, 
therefore, to realise that they do not affect the main strength of the approach, in 
splitting the flow of behaviour into operations, temporary states of the system 
and continuing rules of action. In particular, this kind of analysis shows that a 
general mental capacity can depend logically on a particular operation, whose 
absence may be as fatal as the absence of a keystone in an arch. In the particular 
case of the class inclusion task, the principle emphasised by Wallace draws a 
link with earlier sections of this paper, because it is a principle which selects the 
next item to be processed-shall it be an item similar to the last item in one 
feature or in many, and shall similarity to the last item be in the same feature as 
the similarity to the last but one ? The principles of organisation and classifica- 
tion, which we saw at play in memory, appear also in intellectual operations, 
and their absence can make such operations impossible. Once again, therefore, 
the lesson of cognitive psychology is opposed both to teaching by routine drill 
on the one hand and also to a passive exposure of the child to material on the 
other. 
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GENERAL CONCLUSIONS 
To summarise again, the message of cognitive psychology is : 
(a) Only some of the information presented will receive attention, and if 

this is not decided deliberately it will certainly be decided by chance factors. 
(b) When something is noticed in the environment, it can be processed or 

encoded in a number of ways, and the particular processing which takes place 
will decide whether the effects are long lasting or transitory. 

(c) If the effects are to be enduring, then the information must be organised 
at the time it is stored, in such a way that a clear path leads to it from the likely 
situations in which it may be needed. 

(d)  Possible methods of organisation range from the clear (but rigid) 
system of hierarchical subdivision to the flexible (but confusing) network of 
private association. 

(e) By the time a teacher meets any child, some system of organisation will 
probably already exist, and it is likely that fresh information will be best 
assimilated through the system which is already tentatively established. 

c f )  The achievement of formal intellectual skills probably depends on the 
availability of a set of general procedures or rules, each of which comes into 
play as the momentary external and internal circumstances make it appropriate. 
Because of the complex interplay of the various factors involved, the absence 
of one link in the chain will not be obvious, but will makecertain formal processes 
of thought extremely difficult, and it is, therefore, necessary to look for such 
links. Particularly crucial ones will involve the organisational and selective 
factors already mentioned. 

The study of cognition was, of course, a classic interest of psychology, 
and in some ways current concerns are taking up again older problems with new 
sophistication. It is perhaps appropriate, therefore, to remember the classic 
doctrines of ' faculty psychology ' long derided in modern texts. It was indeed 
an error to suppose that the study of Latin and Greek would develop intellectual 
ability regardless of the way in which it was taught, or of the specific field to 
which the intellect was to be applied in later life. This does not mean, however, 
that the school environment is merely a cafeteria in which an autonomously 
developing intellect picks whatever suits its needs, nor that learning consists 
purely of elementary associations of stimuli and responses. Rather, the lesson 
of cognitive psychology is that each of us acquires during life certain 
strategies of encoding the outside world, of organising memory and of proceed- 
ing from one step in an operation to the next, and that these may be highly 
general in their later use. The successful teacher, of course, has always known 
this, but in standing out for the middle ground between mechanical drill on the 
one hand, and the abandonment of all positive teaching on the other, he can now 
claim the support of contemporary cognitive psychology. 
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