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ABSTRACT 

This paper discusses s t ra teg ies fo r moving 
through sequences of hypotheses, each one of which 
is produced in response to an experimental tes t of 
the previous member. Previous discussions of t h i s 
issue have a l l agreed that hypotheses deduct ive ly 
incompat ible w i t h the evidence at stage ri cannot 
appear in the sequence beyond n This paper 
contends that t h i s conclusion is untenable. The 
use of o v e r s i m p l i f i e d models has led i nves t i ga to r s 
i n t o over look ing ep is temolog ica l p roper t ies o f 
more complex hypotheses which al low more 
soph is t i ca ted methodologies in t e s t i n g and hypo
thes is generat ion. In p a r t i c u l a r , i t i s shown 
that t e s t i n g already f a l s i f i e d hypotheses may 
give more experimental in fo rmat ion than o the r , 
more t r a d i t i o n a l s t r a t e g i e s . This is shown by 
cons ider ing a popular board game, but a r e a l i s t i c 
example is introduced to demonstrate the general 
importance and usefulness of the s t ra tegy . 

In t h i s short paper I discuss s t ra teg ies in 
the t e s t i n g of a sequence of hypotheses. Each of 
the hypotheses, except perhaps the f i r s t , is 
proposed a f t e r an experimental tes t of the 
preceding hypothes is . The aim of the s t ra tegy is 
to maximise the ra te of convergence of members of 
the sequence of hypotheses to the cor rec t 
hypothesis. 

This problem has been discussed in the 
l i t e r a t u r e qu i te ex tens ive ly under the general 
heading of Methodology of Science and to a lesser 
extent in the f i e l d of h e u r i s t i c s . Two fundament
a l l y d i f f e r e n t views have been taken about the 
manner of proceeding in such a sequence. The 
f i r s t , associated w i t h Carnap (Carnap, 1952), 
Reichenbach (Reichenbach, 1961) and many others 
f o l l o w i n g them is to put an eva lua t ion on each 
poss ib le n t n hypothesis and choose tha t hypothesis 
which has a maximum value fo r t h i s eva lua t i on . 
Most o f t e n , but by no means always, the evaluat ions 
were simply the p r o b a b i l i t i e s or con f i rmat ion of 
the a l t e r n a t i v e hypothesis, al though t h i s is by no 
means un ive rsa l ( e . g . Reichenbach, op c i t ) . Such 
proposals are o f t en termed i n d u c t i v i s t . 

A q u i t e d i f f e r e n t view is taken by Popper 
(Popper, 1972) and fo l lowers who eschew a 
p r o b a b i l i s t i c o r conf i rmatory eva luat ion f u n c t i o n . 
Instead they propose that the func t i on r i ses w i t h 

the r i s k of f a l s i f i c a t i o n of a hypothes is . By 
adopt ing as the n t n member of a sequence the 
hypothesis w i th the minumum r i s k of r e f u t a t i o n , 
usua l ly i d e n t i f i e d by maximising content of the 
hypothes is , we maximise the chance of r e f u t a t i o n . 
Th i s , in t u r n , maximises the expected ra te of 
progress along the sequence of hypotheses and 
t h e i r convergence to the t r u t h . The general 
stance of t h i s l a t t e r group is tha t since there 
e x i s t no ob jec t i ve measures of the conf i rmat ion of 
hypothesis by evidence, the appropr iate eva lua t ion 
is given by a methodolog ica l ly der ived func t ion 
which r e f l e c t s the a p r i o r i l i k e l i h o o d of r e f u t a 
t i o n and hence progress along the sequence of 
hypotheses. Such a thes is concerning the 
appropriateness of the eva lua t ion is ca l led 
f a l s i f i c a t i o n i s t . 

Both approaches to the eva luat ion func t i on 
share one important common fea tu re . The eva luat ion 
takes a minimum value fo r any hypothesis which is 
deduct ive ly incompat ib le w i t h the evidence to 
date. This assignment is j u s t i f i e d in both 
approaches by the view tha t each proposed hypo
thes is must be a poss ib le candidate fo r " the t rue 
hypothes is " . The i n d u c t i v i s t would res ta te t h i s 
w i t h term "probable" ra ther than possib le but 
since "probable" e n t a i l s " poss ib l e " the two views 
co inc ide . 

The d iscuss ion of these top ics has been 
rendered less h e l p f u l to i nves t i ga to rs by the 
perhaps oversimple cha rac te r i sa t i on of hypothesis . 
They a re , fo r much of the d i scuss ion , simply 
s t ruc tu red sets of sentences whose only re levant 
c h a r a c t e r i s t i c here is tha t they e n t a i l simple 
observat ion sentences which e i t h e r do or do not 
accord w i t h ac tua l observat ions. The assessment 
of any hypothesis given a s ing le piece of evidence 
is thus a two valued func t i on - e i t h e r i ncons i s 
ten t or cons i s ten t . While such a model of 
experimental t e s t i n g has the v i r t u e of s i m p l i c i t y 
i t i s , I contend, so u n r e a l i s t i c as to obscure 
the rea l and i n t e r e s t i n g problem of s t ra teg ies f o r 
exper imental t e s t i n g even in simple contex ts . 

I w i l l argue that when the two major schools 
of thought agree - tha t re fu ted hypotheses should 
be discarded - they are both wrong. In doing so 
I s h a l l use hypotheses whose observat iona l 
consequences are min imal ly more s t r u c t u r e d . These 
hypotheses w i l l assign occupat ion s ta tes to a 
f i n i t e ordered set o f c e l l s . Accordingly the 
p o s s i b i l i t y a r ises o f the hypotheses f i t t i n g the 
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experimental data to a lesser or greater degree 
rather than a simple yes/no. 

I have chosen such a form for the hypotheses 
because f i r s t l y they appear to represent the next 
simplest s t ruc tu re beyond unstructured hypothesis 
and secondly i t is possible to f i n d r e a l i s t i c and 
i n t e r e s t i n g examples of the use in s c i e n t i f i c 
p r a c t i c e . 

The most perspicuous way of proceeding is to 
produce a model w i th the cha rac te r i s t i c s of which 
I wish to d iscuss, then go on to o u t l i n e a 
r e a l i s t i c example. 

The example I w i l l use is the game Mastermind. 
This game is fo r two p laye rs , a code maker and a 
code breaker. The code maker chooses four 
coloured counters from a. supply of s i x d i f f e r e n t 
co lours , colour r e p e t i t i o n s are al lowed. The code 
of four colours is thought of as being ordered. 

The code breaker conjectures a hypothesis as 
to the code and displays it on the board. The 
code maker then scores the hypothesis by d i sp lay ing 
a black marker fo r each counter the code breaker 
has of the cor rect colour in the cor rect p o s i t i o n , 
and a white marker fo r each counter, not yet 
scored, which is of a correct colour but in an 
i nco r rec t p o s i t i o n , by comparison w i th those code 
counters from which a black marker has not been 
awarded. The score is some measure of the nearness 
of the hypothesis to the t r u t h . 

For example, if the hidden code is Red, Red, 
Green, Green, a hypothesis Red, Blue, Green, Red 
would a t t r a c t a black marker fo r the f i r s t Red 
counter, no marker fo r the Blue, a black marker 
fo r the Green and a white marker fo r the l a s t Red. 
The scor ing markers are not ordered, that i s , one 
cannot deduce which of the counters earns which 
marks. 

In the l i g h t of that score the code breaker 
conjectures a new code which is then scored, the 
process cont inu ing u n t i l the code breaker scores 
four black markers - he has the cor rect hypothesis. 

If we are to show that the code breaker may do 
be t t e r to hypothesise f a l s e l y i t i s necessary to 
show (1) a f t e r the f i r s t hypothesis some hypotheses 
can be known (deduct ive ly) to be fa l se and (2) that 
a measure of be t t e r and worse guesses is a v a i l a b l e . 
In what f o l l o w s , I sha l l assume, fo r s i m p l i c i t y , 
tha t the code maker is equal ly l i k e l y to choose 
any coloured marker in any p o s i t i o n . The general 
s i t u a t i o n is not changed by such a r e s t r i c t i o n , 
unless the code breaker has knowledge about the 
p r o b a b i l i t y d i s t r i b u t i o n . 

To show (1) we need f i r s t to observe that 
there are 64 - 1296 possible codes, generated by 
an independent choice of one of s i x colours in 
each of the four p o s i t i o n s . A f te r choosing the 
f i r s t hypothesis the code breaker e i t he r gets no 
scor ing markers or a combination of b lack and 
whi te markers. Unless the code breaker obtains 
four b lack markers, he knows t h a t , at l e a s t , tha t 

hypothesis is f a l s e . I f the code breaker does, 
improbably, get four b lack markers then he knows 
that a l l other poss ib le codes are f a l se (and the 
game is ended). E i the r way he knows tha t at least 
one hypothesis is fa l se and thus (1) is s a t i s f i e d . 
In fac t an average of 1180 hypotheses are 
e l iminated as the f i r s t hypothesis is scored. 

We now tu rn to the second lemma: to show 
tha t some guesses as to the code are be t t e r than 
others and hence to show that some f a l s i f i e d 
hypotheses are be t te r e l im ina to rs than some 
u n f a l s i f i e d hypotheses. 

We f i r s t observe that in guessing a code and 
having i t scored, the code breaker e l iminates not 
only that guess (unless four black markers are 
scored) bu t , in genera l , many others as w e l l . For 
example, if four red counters was guessed and no 
black markers obtained then i t is ce r ta in that the 
hidden code does not conta in any red counters in 
any p o s i t i o n . A s im i l a r conclusion would fo l l ow 
if the guess contained only one red counter and no 
black or whi te counters were obta ined. There are 
671 codes conta in ing at least one red counter, so 
i f t h i s i s the code breaker 's f i r s t guess a l l o f 
these w i l l have been e l im ina ted . I f t h i s guess 
was not the f i r s t then some of the 671 w i l l have 
already been e l im ina ted . As most games l as t only 
f i v e or so moves, in the course of which 1295 
codes are e l iminated there w i l l be very few, i f 
any, guesses which e l im ina te no other code but 
themselves. 

I wish to suggest tha t the number of 
p o s s i b i l i t i e s e l iminated by a guess is a good 
measure of how valuable tha t guess has been in 
forwarding the aim of the code breaker. Since in 
t h i s paper I w i l l be concerned w i th the e l i m i n a t i v e 
power of second guesses - there are no impossible 
codes f o r a f i r s t guess - I w i l l use as a measure 
of e l i m i n a t i v e power the p ropor t ion of remaining 
poss ib le codes e l iminated by tha t second guess. 
Because comparisons w i l l only be made between 
second guesses which share a common f i r s t guess no 
me t r i ca l assumptions are made which v i t i a t e the 
conclusions. The except ion to t h i s is where 
comparisons are made between the average e l im ina 
t i v e powers of d i f f e r e n t ranges of guesses. These 
l a t t e r r esu l t s are less important and w i l l be 
discussed separa te ly . 

When p lay ing a f u l l game cons i s t i ng of a 
sequence of guesses, i t might w e l l be tha t two 
successive guesses of lower e l i m i n a t i v e power 
succeed j o i n t l y in e l i m i n a t i n g more poss ib le codes 
than an a l t e r n a t i v e p a i r of guesses each of higher 
e l im ina t i ve power. This p o s s i b i l i t y cannot be 
ru led out a p r i o r i . This paper w i l l r e s t r i c t 
i t s e l f to the stepwise maximisat ion of e l im ina t i ve 
power. 

It now remains to demonstrate that a best 
guess, as measured by e l im ina t i ve power, may be -
and o f ten is - a known fa l se guess. Of course 
t h i s can only happen on a second or subsequent 
guess as no th ing is known as possib le or 
impossible u n t i l the f i r s t guess i s scored. 
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The method is to nominate a f i r s t guess and a 
score, e .g . Red, Red, B lue, B lue, score one Black 
marker and one White. It is now possib le to deduce 
which codes the code maker may have chosen. They 
are simply these codes which would g ive that score 
against that guess. In t h i s example there are 
208 p o s s i b i l i t i e s . Normally the next guess the 
code breaker w i l l t r y w i l l be one of these 208 
codes. 

For each of these 208 possib le guesses and 
fo r each of the 208 poss ib le codes (43264 pa i rs ) 
i t is possib le to ca lcu la te the number of codes 
e l im ina ted by the second guess. I f i t i s 
assumed tha t a l l 208 codes are equal ly l i k e l y to 
have been chosen by the code maker, then it is 
poss ib le to ca l cu la te the average e l i m i n a t i v e 
power of each of the code breaker 's poss ib le 
second guesses. A code breaker might use such a 
measure of r e j e c t i o n power in choosing a second 
guess so as to maximise the expected r e j e c t i o n of 
wrong codes. I t i s poss ib le to f u r t h e r ca lcu la te 
the average e l i m i n a t i v e power of the 208 poss ib le 
guesses the code breaker might have chosen. See 
Table 1 f o r r esu l t s of Mastermind using only black 
markers. These resu l t s are more concise ly 
d isp layed than the f u l l game, but e x h i b i t r e s u l t s 
t y p i c a l of the f u l l game. 

The f ac t tha t the scor ing procedure is not 
a simple r e f u t a t i o n is essen t ia l f o r the arguments 
in t h i s paper. For the black markers show that 
some counters are of the cor rec t colour and in 
the cor rec t p o s i t i o n , whi le the whi te markers 
show that some remaining counters are of the 
cor rec t colour but in i nco r rec t p o s i t i o n s . In a 
roundabout way the markers give a measure of 
d istance from the t r u t h . Indeed, two b lack and 
two whi te markers show that a simple interchange 
of two counters w i l l g ive the cor rec t code. 
A l t e r n a t i v e , non-Mastermind, systems of scor ing 
( e . g . use black marker only) give d i f f e r e n t 
measures and w i l l be discussed l a t e r . They do, 

however, genera l ly e x h i b i t the i n t e r e s t i n g 
property which is the subject of t h i s paper. This 
is because these scor ing systems begin to take 
account in the experimental s i t u a t i o n , of the 
s t ruc tu re of the hypothesis . My f e e l i n g is that 
a f t e r the simple yes/no given by an experiment to 
an unst ructured deduction from a hypothes is , the 
next more complex observat ion statment would be 
a simple order ing of elements l i k e the Mastermind 
code. 

In Table 1 is l i s t e d the mean and maximum 
e l im ina t i ve powers of both possib le and impossible 
( i . e . already re fu ted) second guesses. Further 
work has shown that the s t r i k i n g resu l t s here 
appear i f the scor ing system of Mastermind is 
var ied by using only black scor ing markers or only 
whi te scor ing markers, in the manner ou t l i ned in 
the game d e s c r i p t i o n , above. 

In p a r t i c u l a r , model l ing of an experiment 
designed to e luc ida te p a r t i c u l a r DNA sequences 
by the absorp t ion , in s o l u t i o n , of matching tes t 
and subject DNA s t r i ngs y ie lds t h i s same proper ty : 
that use of already re fu ted hypotheses fo r 
f u r t he r tes t r esu l t s in more rap id convergence of 
hypotheses, by increas ing the in fo rmat iona l 
t rans fe r at each experiment. 

Of course u l t i m a t e l y , both in Mastermind and 
in molecular b i o l ogy , one must eventua l ly r e fe r 
to u n f a l s i f i e d hypotheses fo r f i n a l con f i rma t ion . 
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