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ABSTRACT 
The re la t i onsh ip between motives, emotions 

and learning in the design of i n t e l l i g e n t 
systems has received r e l a t i v e l y l i t t l e consider
a t ion to date. C l a r i f i c a t i o n of the r e l a t i o n 
ship involves tack l i ng fundamental questions 
such as the su rv i va l value or adaptive funct ion 
of motives and emotions in i n t e l l i g e n t systems, 
the nature of mot iva t iona l and emotional 
processes which are features of ' i n n a t e ' 
endowment, the learn ing of add i t i ona l motives 
and emotions as a resu l t of environmental 
i n t e r a c t i o n , and the resu l t s of the inf luence 
of motives and emotions on learning processes 
and, conversely, the e f fec t of learning 
processes on the nature of motives and emotions. 

In t roduc t ion 

The re la t i onsh ip between motives, emotions 
and learning in the design of i n t e l l i g e n t 
systems has received r e l a t i v e l y l i t t l e consid
e ra t ion to date. Sloman and Croucher (1981) 
include mechanisms for changing the current 
set of motives and the need to learn motives 
in t h e i r l i s t of const ra in ts on the design 
of i n t e l l i g e n t systems which determine what 
would make them we l l adapted. They, a lso , 
point out that a complex and changing c o l l e c t i o n 
of motives and the emotions they generate 
must have a profound e f fec t on what is learned 
when and cont r ibu te to enormous va r ia t i ons 
between i nd i v i dua l s . P f e i f f e r (1982) in 
present ing the general framework of a theory 
of emotion in cogn i t i ve science terms l i s t s 
learn ing processes and evolut ionary considerat 
ions among the important issues which have 
not yet been addressed. His theory has been 
p a r t i a l l y spec i f ied in a computer s imulat ion 
model ca l led FEELER which is implemented in 
an extended vers ion of PRISM (Langley and 
Neches, 1981). 

C l a r i f i c a t i o n of the nature of the 
re la t ionsh ips between mot ives, emotions and 
learn ing in i n t e l l i g e n t systems involves 
tack l i ng an agenda of fundamental items 
which can be convenient ly described in terms 
of human development. It is necessary to 
explore the su rv i va l value or adaptive funct ion 
of motives and emotions in i n t e l l i g e n t systems 
from an evolut ionary perspect ive. What 
mot iva t iona l and emotional processes must be 
assumed to be wired in as features of innate 
endowment? How does the learn ing of add i t i ona l 
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motives and emotions proceed as a response 
to environmental in te rac t ion? What are the 
resu l t s of the inf luence of motives and 
emotions on learn ing processes and, conversely, 
the e f f ec t of learning processes on the 
nature of motives and emotions? The remainder 
of th i s paper reports a pre l iminary exp lora t ion 
of these issues employing BAIRN, a general 
learning system, and adopting a perspective 
on motives and emotions derived from the 
work of Sloman and Croucher and P f e i f f e r . 

BAIRN: A General Learning System 

As a comprehensive account of BAIRN has 
been provided elsewhere (Wallace, 1982) only 
the features d i r e c t l y involved in the const ruc t ion 
and representat ion of motives and emotions 
w i l l be descr ibed. The BAIRN pro ject is 
aimed at the const ruc t ion of a theory of 
cogn i t i ve development in the form of a s e l f 
modifying in format ion processing system in 
which productions are employed as the un i ts 
of cogn i t ive ana lys is . The spec i f i c ob jec t ive 
is the const ruc t ion of a computer program as 
a completely e x p l i c i t and demonstrably s u f f i c i e n t 
version of the theory. 

The BAIRN system comprises general learn ing 
processes and a world model which governs 
the nature of i t s i n te rac t i on w i th the environment. 
An in tegrated form of representat ion for 
procedural and dec la ra t i ve knowledge is 
adopted in the long term memory (LTM) world 
model. It is composed of a network made up 
of nodes at which are stored production 
systems. The mode of operat ion of the network 
is based on three levels of consciousness 
( f o c a l , per iphera l and unconscious) which 
permit a l im i ted number of nodes to be act ive 
in p a r a l l e l . Each node in the network has 
prepotency values which def ine the st rength 
of i t s bid to be allowed to operate when 
spec i f i c inputs su i tab le for i t s a c t i v a t i o n 
are present. This feature provides an oppor tuni ty 
to explore the e f fec ts of va r ia t i ons in 
mot iva t iona l s t ruc tu re on the system's operat ion. 

The approach adopted in the BAIRN pro jec t 
maximises emphasis on general learn ing procedures. 
The learn ing processes are responsible for 
the c rea t ion and add i t ion of new productions 
to LTM. Discharging th i s func t ion requires 
the a b i l i t y to monitor the resu l t s of env i ron
mental i n t e r a c t i o n . The mechanism adopted 
is a time l i ne or episodic memory which 
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contains a sequential record of the system's 
a c t i v i t y . I f any r e g u l a r i t i e s ex is t in 
i n te rac t i on wi th the environment they are 
represented in the time l i n e . Se l f -mod i f i ca t ion 
takes place through the detect ion of th is 
r egu la r i t y by the learn ing processes and the 
subsequent add i t ion to LTM of productions 
which w i l l c a p i t a l i z e upon i t . Regular i ty 
detect ion involves two p r o b a b i l i s t i c features 
which cons t i t u te dimensions of i nd iv idua l 
d i f f e rence . The f i r s t is the M(atching) 
I(ndex) C ( r i t e r i o n ) which has a constant 
value for each i n d i v i d u a l . The MIC determines 
the leve l of agreement before two sequences 
are regarded as a match. The second p r o b a b i l i s t i c 
feature is the C ( r i t i c a l ) C(onsistency) 
L (eve l ) . Unl ike the MIC, the CCL exh ib i t s 
va r ia t ions w i t h i n a band charac te r i s t i c of 
the i n d i v i d u a l . I t r e f l e c t s both the number 
of novel sequences and the degree of agreement 
between them which comprise a level of consistency 
warrant ing mod i f i ca t ion of the LTM world 
model. 
Adaptive Function of Motives and Emotions 

In informat ion processing terms the 
existence of motives can be a t t r i bu ted to 
the need for determinat ion of d i r e c t i o n a l i t y 
in i n t e l l i g e n t systems endowed wi th a high 
degree of f l e x i b i l i t y or adap tab i l i t y . 
Appropriate const ra in ts on the wide range of 
possible courses of act ion are essent ia l for 
the establishment and maintenance of successful 
environmental i n t e r a c t i o n . The f i r s t step 
towards f u l f i l l i n g th is funct ion in BAIRN is 
the add i t ion of motive generators to the 
system's i n i t i a l reper to i re of processes. 
Motive generators bias the construct ion of 
the system's representat ion of i t s world in 
pa r t i cu l a r d i rec t ions and, as a r e s u l t , 
const ra in and d i r ec t i t s behaviour. They 
operate by scanning the time l i ne trace for 
sequences represent ing experience f a l l i n g 
w i t h i n the area of t he i r motives and i n i t i a t i n g 
appropriate addi t ions or modi f icat ions to 
LTM. This process is conducted both on- l ine 
and o f f - l i n e . 

Emotions can be regarded as 'hard wired' 
sources of in format ion that ass is t in a 
cont inuing process of d i sc r im ina t ion which 
is c r u c i a l in cana l is ing the behaviour of 
the system in appropriate d i r e c t i o n s . Episodic 
records of phys io log ica l a c t i v i t y associated 
w i th emotions ass is t motive generators in 
performing t h e i r funct ion by f a c i l i t a t i n g 
rap id de tec t ion and d isc r im ina t ion of time 
l i n e segments both on- l ine and o f f - l i n e . 
These records i n i t i a l l y r e f l e c t the operat ion 
of primary emotion generators included in 
the system's ' i n n a t e ' r epe r t o i r e . These are 
productions l i n k i n g sensor i -perceptual condi t ions 
w i th phys io log ica l act ions de f in ing primary 
emotions such as pleasure, fear , anger and 
so on. The phys io log ica l trace data is 
detected and reacted to by ' i n n a t e ' motive 
generators. Their condi t ions include patterns 
o f phys io log ica l a c t i v i t y de f in ing primary 

emotions, ind ica t ions of the leve l of emotional 
i n tens i t y derived from the i n t e n s i t y of 
sensory s t imu la t i on , and other s i t u a t i o n a l 
features de f in ing the area of the motive. 
In innate motive generators these s i t u a t i o n a l 
features are of a r e l a t i v e l y g lobal nature , 
such as the perception of human contact . 

The assignment of d i s t i n c t , phys io log ica l 
d e f i n i t i o n s to emotions v ia primary emotion 
generators is at variance wi th the approach 
adopted in FEELER Since a general leve l of 
autonomic arousal is assumed the phys io log ica l 
component in FEELER cannot be used to d i s t i ngu i sh 
between d i f f e r e n t emotions. This ob jec t ive 
is achieved by means of d i s t i n c t i o n s in the 
cogn i t i ve-eva luat ive aspects of emotions. 
In add i t ion to employing spec i f i c va r ia t ions 
in phys io log ica l arousal the present approach 
re ta ins a fundamental funct ion for the general 
leve l of autonomic arousal . It is assumed 
that i t contr ibutes to determining the nature 
of the spread of ac t i va t i on that occurs in 
the LTM network during each cyc le . High 
arousal produces the lowest leve l of contextual 
i n h i b i t i o n and the least constrained spread. 
Low arousal is associated wi th the most 
constrained spread and contr ibutes to 
'concentrated a t t e n t i o n ' whi le intermediate 
arousal leads to a con t ro l led spread of 
ac t i va t i on wel l sui ted to complex processing 
such as problem so lv ing . 

I n te rac t i on between the i n i t i a l reper to i res 
of emotion generators and motive generators 
determines the episodic records which are 
selected as s t a r t i n g points for o f f - l i n e 
processing of the time l i ne in the search 
for consistent sequences. In some cases 
motive generators represent ing h igh ly s i g n i f i c a n t 
motives d i r e c t l y determine that a new node 
w i l l be added to LTM on the basis of a s ing le 
occurrence of a sequence. In others the 
decision depends on the resu l t of time l i n e 
processing by the consistency detect ion 
processes employing the MIC and CCL parameters 
car r ied out a f te r a motive generator has 
indicated the s t a r t i n g point for ana lys is . 
When an add i t ion to LTM occurs an i n i t i a l 
prepotency value is assigned to the new node 
by the motive generator(s) involved in i t s 
c rea t ion . The prepotency r e f l e c t s the status 
of the motive generator(s) in a h ierarchy of 
primary motives and spec i f i c values of the 
emotional i n t ens i t y and s i t u a t i o n a l feature 
var iab les included in the sequence. 

Since records of the operat ion of primary 
emotion generators are included in sequences 
g iv ing r i se to new nodes, productions prov id ing 
d i r e c t access to the generators are incorporated 
in the d e f i n i t i o n l i s t s of the new nodes. 
This ensures that fu ture a c t i v a t i o n of the 
nodes w i l l be accompanied by experience of 
the associated emotions. 

Assigning of prepotencies is not confined 
to newly created nodes. I nd i v i dua l nodes 
compare the resu l t s of t h e i r ac t i va t ions 
w i th expectations based on previous input /output 
conjunct ions stored on t h e i r desc r ip t i on 
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l i s t s . Unexpected or novel outcomes are 
flagged in the time l i ne record to enable 
processing by motive generators and assignment 
of a prepotency value. The e f fec t of th is 
procedure is to provide each node wi th a 
range of context l inked prepotencies as 
environmental i n te rac t ion proceeds. This 
replaces the i n i t i a l g lobal prepotency. 

General funct iona l charac te r i s t i cs desirable 
for e f fec t i ve environmental i n te rac t i on and 
f a c i l i t a t i o n of learning can be conferred on 
the system by addi t ions to the i n i t i a l reper to i re 
of motive generators. Frequent ac t i va t i on 
of newly constructed nodes encourages detect ion 
of t he i r re la t ionsh ips w i th other nodes and 
contr ibutes to fur ther mod i f i ca t ion and 
enrichment of the LTM world model. This 
e f fec t can be produced by a motive generator 
which temporari ly increases the i n i t i a l 
prepotency leve l of new nodes on a decrement 
wi th r epe t i t i on basis. 

A s im i la r approach can achieve the se lec t ive 
a t t en t i on to new environmental features 
cha rac te r i s t i c of human performance. In 
BAIRN repeated ac t i va t i on of nodes w i t h i n a 
parameterised range of cycles is indicated 
by markers on the time l i ne records of the 
r e p e t i t i o n s . If 'newness' is defined as the 
absence of r e p e t i t i o n markers, a motive 
generator monitor ing time l i ne ent r ies on-
l i ne can produce a focussing of a t t en t i on by 
temporar i ly increasing the prepotency leve l 
of the nodes responsible for the 'new' time 
l i ne records. Such increments would disappear 
wi th fewer repe t i t i ons of ac t i va t i on than 
the temporary increases accorded to new 
nodes. 

Learning of Emotions and Motives 

In te rac t i on of the ' i nna te ' reper to i res 
of emotion and motive generators not only 
contr ibutes to const ruct ion of the system's 
world model but resu l ts in the learning of 
fur ther emotions and motives. Representations 
of higher leve l or compound emotions are 
derived from time l i ne sequences contain ing 
ac t iva t ions of two or more primary emotion 
generators or two or more nodes w i th generators 
featur ing on the i r d e f i n i t i o n l i s t s . Higher 
leve l motive generators capable of processing 
the more complex phys io log ica l trace data 
produced by the compound emotion generators 
are derived from time l i ne sequences inc lud ing 
associated ac t i va t ions of the i n i t i a l motive 
generators which process primary emotions. 
These compound motive generators provide a 
capab i l i t y to assign i n i t i a l prepotency 
values to new nodes derived from sequences 
featur ing compound emotions. 

In te rac t ion of Emotions, Motives and Learning 
Processes 

BAIRN provides i l l u s t r a t i o n s of the 
e f fec t of learning processes on emotions and 
motives as wel l as the inf luence of emotions 
and motives on learning processes. The 

set t ings of the MIC and CCL parameters determine 
the genera l i sa t ion /d isc r im ina t ion boundary 

(Bundy, 1982) that operates 
in the construct ion of new nodes. As a 
resu l t wide ind iv idua l d i f ferences in the 
spec i f i cs of the representations of compound 
emotions and motives constructed by a system 
w i l l be produced by varying the combinations 
of MIC and CCL values involved in detect ing 
the sequences from which they are der ived. 
Combinations emphasising the extremes of 
genera l isa t ion o r d isc r im ina t ion w i l l resu l t 
in emotions and motives which in humans are 
associated wi th pathology. 

This i n te rac t ion o f fe rs the prospect of 
endowing se l f -modi fy ing i n t e l l i g e n t systems 
wi th the basis of d i s t i n c t i v e ' pe r sona l i t i e s ' 
that w i l l emerge as construct ion of the i r 
world model proceeds. This would be achieved 
by manipulat ion of the i n i t i a l reper to i res 
of emotion and motive generators and the 
values of the learning parameters. The 
possible membership of the generator reper to i res 
is not r e s t r i c t e d to the range of human 
emotions and motives. It is defined by the 
range of features of i n t e l l i g e n t systems 
which are func t iona l l y equivalent to emotions 
and motives. The object ive of providing 
i n t e l l i g e n t systems wi th emerging personal i t ies 
is to al low for se l f -mod i f i ca t i on w i th in 
broad cons t ra in ts . The system reta ins the 
f l e x i b i l i t y and general learning capacity 
necessary to construct a world model and 
maximise the ef fect iveness of i n te rac t ion on 
the basis of the spec i f i cs provided by the 
environment. The environment, however, does 
not d i c ta te the overa l l emphasis in the 
system's operat ion. Systems designed on 
th is basis would be su i tab le for the cont ro l 
of t h i r d generation robot ic devices required 
to funct ion for protracted periods without 
human superv is ion. 
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ABSTRACT 

Various teaching s t ra teg ies have been 
employed in attempting to overcome the 
d i f f i c u l t i e s experienced by students learning 
computer programming on courses held at the 
Bedford College of Higher Education,England. 

The problem remains unsolved; the main 
d i f f i c u l t y encountered l i e s in the development of 
the a lgor i thm, not in the syntax or semantics of 
the language. The con t r ibu t ion gained by the use 
of f lowcharts has been n e g l i g i b l e ; the major 
con t r i bu t i on came from al lowing the students to 
work in groups. 

The essay fo l lows the argument t ha t , 
accepting the premise that programming requires 
l o g i c a l t h i n k i n g , a so lu t ion to t h i s problem may 
be forthcoming i f i t is tackled by helping these 
students to develop problem solv ing s k i l l s from an 
ear ly age; thereby p lac ing the onus on the 
schoolteacher. 

Use of educational t oo l s , namely BIGTRAK, 
i n i t i a l l y f o r the very young, fol lowed by the 
TURTLE wi th LOGO programming, and l a t t e r l y 
microProlog is advocated. 

The paper is introduced by a b r i e f 
discourse on the concept of knowledge, in order to 
conf irm that to teach th ink ing is d i f f i c u l t , and 
hence that there is a ro le fo r some aspect of 
a r t i f i c i a l i n t e l l i gence in the classroom. 

By d e f i n i t i o n , a teacher 's ro le in the 
classroom must be that of one who teaches, 
impart ing knowledge and guiding the studies of the 
pup i l s . But, the concept of knowledge is 
d i f f i c u l t to def ine and cannot be determined 
prec ise ly in the way that some words can. In 
attempting to def ine the const i tuents of the 
concept of knowledge, var ious notions can be 
considered, f o r example: in format ion , i n s t r u c t i o n , 
enlightenment, l ea rn ing , o r p r a c t i c a l s k i l l s . 

Attempts have been made to break knowledge 
i n to d i v i s i o n s , H i rs t , (1973) put forward the 
suggestion that knowledge was separable in to 
d i s t i n c t forms, such as mathematics, physical 
sciences e tc . But, i f these forms are accepted 
then the concept of a p a r t i c u l a r branch of 

knowledge may even d i f f e r , depending on how it is 
presented. Polya,(1973) s ta tes , "Mathematics 
presented in the Euclidean way appears as a 
systematic deductive science, but mathematics in 
the making appears as an experimental induct ive 
sc ience." 

The view that the four ways of thought: 
l o g i c a l , emp i r i ca l , moral, and aesthet ic represent 
more fundamental d i v i s ions of knowledge, 
Ph i l ips , (1971) perhaps re la tes more c lose ly to the 
aim of inc lud ing more of the cogni t ive aspects of 
teaching in the classroom. 

While the claim that knowledge is worthwhile 
on i t s own account, simply for the development of 
the mind, can be appreciated, as Cr ibble (1969) 
argues, forms of d r i l l are not i n t r i n s i c a l l y 
worthwhi le. And whi le t h i s form of teaching 
perhaps cannot e n t i r e l y be dispensed w i t h , the 
question o f ten ar ises r e l a t i n g to whether teachers 
ac tua l l y teach ch i ld ren to th ink , i . e . to develop 
t h e i r a b i l i t y for reasoning, experimenting, making 
moral r e f l e c t i o n , or to achieve an apprec iat ion of 
aesthet ic p r i n c i p l e s . The knowledge that is 
planted in a c h i l d has to be brought i n to ac t i on . 

Landa (1979) considers that some teachers do 
teach ch i ld ren to th ink but that some do not . He 
admits that to teach th ink ing is a problem, 
because the operations that have to be car r ied out 
on the knowledge present in the s tudent 's head, in 
order to be able to problem solve are not we l l 
developed. 

The asser t ion that organised teaching is not 
required fo r learn ing to take place, is held by 
Papert (1980), who puts forward the analogy of how 
a ch i l d learns to t a l k . 

The d i f f i c u l t y of teaching ch i l d ren to th ink 
then is ev ident , and whi le the computer can be a 
cata lys ing agent f o r promoting a d i f f e r e n t type of 
teaching to take place in the classroom, to-date 
the methods employed in computer-aided- learning, 
have on the whole, cont r ibuted l i t t l e to f u r the r 
the pursu i t to help ch i l d ren to t h ink . 
Computer-aided learn ing techniques employed in 
schools genera l ly f o l l ow the t r a d i t i o n a l method of 
classroom teaching, and if a c h i l d ' s development 
p a r t i a l l y depends on t h i s t r a d i t i o n a l approach to 
teaching, then present computer-aided-learning 
does seem to provide mot iva t ion and have a novel ty 
value, a l b e i t , poss ib ly a temporary innovat ion. 
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Bu t ,Pape r f s (1980) assoc iat ion of t h i s use of a 
computer f o r d r i l l and pract ice,(combined w i th the 
use of the BASIC language), w i th that of the 
QWERTY keyboard, exempl i f ies the dangers imminent 
when t r a d i t i o n takes a f i r m hold , and the ensuing 
d i f f i c u l t y encountered when endeavouring to br ing 
about any change; in t h i s case in the way that 
computers are used in the classroom. 

I n t e l l i g e n t t u t o r i n g systems cater f o r the 
student more adequately, and aid research in to 
learn ing , but are r a r e l y found in schools. Also 
a r t i f i c i a l i n t e l l i g e n c e programs which deal w i th 
aspects of human behaviour designed to simulate 
behaviour help to i l l um ina te how ch i ld ren t h i nk . 

In the classroom, a simple machine in the form 
of a toy tank, BIGTRAK, can be used by primary and 
in fan t teachers fo r mathematics teaching and to 
involve the ch i l d ren in l o g i c a l t h i n k i n g , besides 
prov id ing an i n t roduc t i on to computer techniques. 
The tank can be programmed to move, t u r n , pause or 
f i r e and the ch i ld ren can th ink of t h e i r own 
problems and also how to solve them, and hence 
program the tank. They o f ten act as BIGTRAK 
themselves in f i n d i n g out the required movements, 
then l o g i c a l l y assemble them to produce the 
program of i n s t r u c t i o n s , which impor tan t l y , they 
r ea l i se may not be correct at the f i r s t t r i a l . 
Hence, t h i s toy enables a means of 
pup i l - con t r o l l ed i nves t i ga t i on to take place, 
besides prov id ing a by-product of in t roduc ing 
measurement and d i r e c t i o n to them. The guidance 
of the teacher is requ i red , as without t h i s i t s 
value would d im in ish . 

BIGTRAK then forms a medium fo r Papert 's 
ideas,(1980) although a ra ther unref ined t oo l in 
some respects, learn ing is achieved through i t s 
use without formal teaching, and i t s advantage in 
schools l i e s in i t s comparative cheapness. 

The object that Papert(1980) advocates fo r use 
w i th ch i l d ren , the TURTLE, has a cost disadvantage 
at present, but w i th the i n f i l t r a t i o n of the 
microcomputer in a l l schools in B r i t a i n , the 
concept of i t , as an educat ional t o o l in the 
classroom, is rap id l y gaining acceptance, even 
though many schools have to be content w i th 
" t u r t l e " graphics on the screen, and i t is 
expected that the cost w i l l be lowered. But, even 
w i th " t u r t l e " graphics, the c h i l d i s i n con t ro l 
and observations show that they usual ly enact the 
steps required to solve t h e i r p a r t i c u l a r problem. 

The program language incorpora t ing the use of 
the TURTLE, LOGO, evolved f o r app l i ca t ions by 
ch i ld ren by Feurzeig et a l . ( 1969 ) . The f u l l 
vers ion of LOGO provides add i t i ona l f a c i l i t i e s to 
the usual high l eve l language, f o r example, l i s t 
processing and recurs ive func t i ons . But, in many 
schools in B r i t a i n only a subset of the language 
is in use which r e l a te only to c o n t r o l l i n g the 
screen " t u r t l e " . This reduces the amount of 
storage requi red and the cost of the software. 
Programs are also w r i t t e n in BASIC which can 
provide a reasonably successful LOGO environment 
in the classroom. 

While many school teachers in B r i t a i n are jus t 
beginning to be introduced to the po ten t i a l of the 
use of LOGO as an educat ional t o o l , possib ly 
because it was devised fo r such a purpose, a 
reasonable amount of research and evaluat ion has 
been car r ied out . 

Prel iminary observations in primary schools in 
Bedfordshire have revealed keen i n te res t by both 
teachers and ch i ld ren in i t s use. The teachers 
have been impressed by the s t ra teg ic s k i l l s shown 
by many of t h e i r pup i l s . 

In t h e i r Evaluat ion Study: Teaching 
Mathematics through LOGO Programming,(Howe et a l . 
1980), the conclusion reached is that the 
understanding of mathematics by ch i ld ren who are 
less able can be improved by such 
programming-based a c t i v i t i e s . 

An i nves t i ga t i on i n to the claims made f o r the 
use of the TURTLE in the classroom, invo lv ing 15 
specia l schools s i tua ted over a wide area of 
England and Wales terminates in Ju ly 1983. The 
research is co-ordinated by the Ch i l t e rn Advisory 
Un i t , H a t f i e l d , England; the f i n a l evaluat ion 
repor t should help teachers in deciding the 
con t r i bu t i on that the TURTLE can make to the 
development of ch i l d ren . 

While it has been shown that g i r l s general ly 
do not achieve as high resu l t s as boys in computer 
s tud ies , the opin ion is emerging that they do 
marginal ly bet ter than the boys when LOGO is used. 

But, it is not only ch i ld ren who can benef i t 
from using LOGO, du Boulay (1978) showed that 
student teachers who experienced d i f f i c u l t y w i th 
ce r ta in areas in mathematics gained a bet ter 
understanding by w r i t i n g LOGO programs to 
inves t iga te the top i cs . 

LOGO is used in B r i t i s h and American schools 
and developments in France, to ascer ta in i t s 
po ten t i a l f o r use as an i n t r i n s i c part of t h e i r 
educational system, are tak ing place. 

PROLOG-PROgramming in LOGic, designed by 
Colmerauer and colleagues in 1972, images human 
reasoning and u t i l i s e s na tura l language. Papert 
enthusiasts support the use of PROLOG fo r 
c h i l d r e n ; a close re l a t i onsh ip ex is ts between LOGO 
and PROLOG. 

PROLOG is now being made ava i lab le f o r 
microcomputer systems in the form of microProlog, 
developed by Mc Cabe 1980. Re la t i ve ly l i t t l e work 
has been car r ied out on i t s use in the classroom, 
but , a pro jec t has been running since October 
1981, "Logic as a Computer Language f o r Ch i ld ren" , 
based at Imper ia l Col lege, London. Evaluat ion is 
being conducted in a number of schools and 
co l leges, and courses are being held f o r teachers 
in var ious par ts of England. 

This p ro jec t is led by Robert Kowalski who 
considers that microProlog cont r ibutes to 
promoting l o g i c a l t h i nk ing f o r use throughout the 
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school curr iculum and that it can stand as a 
subject on i t s own. He considers that because it 
is not t i e d to a pa r t i cu l a r machine s t ruc tu re , it. 
is more su i tab le fo r use by ch i ldren than 
languages which are.(Ennels,1983). 

Ennels (1983) has expressed surpr ise at the 
quickness that ch i ldren are learning microProlog. 
The pupi ls bu i ld t h e i r own database and formulate 
quer ies, so promoting clear th ink ing and 
expresssion. 

These then are some of the tools that can be 
used in ass is t ing teachers to teach ch i ldren to 
t h ink ; many other micro-technology aids are 
avai lab le and although many are considered to be 
simply computer toys, an inves t iga t ion in to t he i r 
po ten t ia l use in the classroom may reveal that 
some are more than toys. "Computer toys come 
closer to im i t a t i ng the s ty le of human 
in te l l i gence than the teaching machines of the 
past and may wel l represent the educational wave 
of the f u t u r e . " (Gardner,1979). 

In conclusion, the educational too ls suggested 
for use in t h i s paper are mainly just being 
introduced to schools in the Bedfordshire area, 
hence it w i l l be some time before there can be any 
evidence to show that the ch i ld ren 's capacity fo r 
c lear th ink ing has improved and as a resu l t the 
d i f f i c u l t i e s experienced by the ones who may 
eventual ly wish to include fu r the r computer 
programming as part, of t h e i r fu ture studies may be 
lessened. Current research in t h i s area suggests 
that t h i s w i l l be so. 
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