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 of underdevelopment, and the: h:ve it to the : ' ~ these unports is likely to lead to counter-action against their own
-_»‘howmndemccleneeeanhelpvtosolv(m - :
- To begin with, it is hu-dly necessary to point out ; : \exports.

\in a world of increasing industrialization. Whilst this process = e From another point of view, it is necessary to bear in minq

mug iul:o“l’ .ﬁf - our standards of living at an ever-acceler g .~ that there are invariably political, educational, social anq
mfrmm regions of the & Yoo = pgycholf\glcal obstacles which tend to Mae seriously with
itis e 5 ~ang measures taken to deal with the economic difficulties out-

lined above. To consider only one point: it is ‘obviously useless
‘to devote great efforts and expense to education, technical

, for ps r;cﬁologmal reagons, the popule- '
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 SOURCES OF ERROR IN SCIENTIFIC
j‘;I‘NVES_“I_'»IGATI-ON' e e S
' In Unit 3 \;g examined briefly the sequence of pt Sce
: 1p. the so-called scientific ‘method. We are now
a few of the many ways in which a scientist
r while following these procedures. :
' hyp f;hes__es-,.:fof example, a

49

dresms of equipment and hence have an“a'dverse infi =
experiment or series cif experiments as a Whole"ljeqce on the
such errors tend to be cumulative, < < -8 whole. In addition,
Z 4 o : : . < - (358 o EAC &L 2 z
maﬂy,yemé;t;on in the observer can be one of the m
o dgpg; rous sources of error. This may cause the resea .ehmoSt
55 over-stress or attach too much importance to irrél rcher to
because of their usefulness in supporting a theo eva;t details
rsonally inclin : ry to which he i
g:;somé ybl: clined. Conversely, evidence disproving thct,1 Sfe:;
may be ignored for similar reasons. Even routine matters

50

such as the recording of data may be subject to emoti
166 = fel-';nce,andsh uld be carefunyieed e e
-~ Dpresentat gc of a scientific investigation, and constant
he greatest foresight must be exercised in
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STRAIGHT AND CROOKED THINKING -

If we observe the actions ot: men, whether as in Stvidiar
groups, and whether scientists or non-scientists, weqms'
they frequently fall into avoidable error because of a i i
‘teason correctly. There are many reasons for this, thougt Ure

few can be dealt with here. 3

50

i difficulty is bound up
1 ns that wi :
: : v 55
: -Zi;ier, for example, f
erage. In intelligen
mean o ,

fBaall ;.

noted over the ages that whenever an 'lndiv.id.ual b il wi
a fever, the body parasites left him. They :hmf?;m;;gewﬁ

scorrelation that the parasites kept them healthy. Later, however
e

properly-controlled scientific investigation showed tha
reverse was true: in fact the parasites transmitted several tkixtxlc‘les :

of fever, and then left the sick persons when the latter’s bodies
be,came,too hot to livi oi{ i gy en _da_ttefs e S
‘ ety Tanng we (@)

effect 6n further research of
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In preceding (previo
~ the characteristics,

- day science. At this stag
the ways in whi

next decade or so.
fx% begin with, w
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out that-one of theb rnos;1 po:verful trends : |
: ;s for separate ranches to converge

preselilxtz_tgfreﬁzgc; :)su;s of slzudies. If this trend C°nti§ues’ g

f;;x; in fact lead to the err!ergence of an .enurely new type 4

- ientist, i.e. the multi-disciplinary CO-Or.d;nato;, : |

55 Scﬁs wé have previously seen international Co-operation py

: ~ 7become greatly intensified in recent years, and .thls tendency wj

i ERN doubtless become even more st.rongly markefl in t.he future, Tt

= therefore likely that the scientific eﬁ'ox.‘ts of md1v1dug1 countrie

60  will tend to be unified and co-ordinated by supra-nationy

entities, and the more this is done, the greater the probabiliy

_that supra-national governments will eventually be setup.

_ National governments, also, will be brought into closer and

here be pointed

=%

" closer contact with science. To quote only one reason, the State

65 will have to provide an increasingly large proportion of the

-/ money spent on scientific investigation: it can therefore b

- expected to play an increasingly importa: gl

- planning of R and D programmes. It

= one of the fundamental questions

70 - future, viz, the percentage of the fund
for basic research, and the percent
Projects. From another point o
. sdence in government mus

1ding the ¢
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P : - which colonies of the bacteria were
IN S CIRNTINIG ~ taminated by a colony of another o
s 2 : - ~_lium spp. Hewuszoih:oljtothtow
: L e e - that the penicillium colony
a Dmm,_pt;ym . pletely clear of the pathogenic
' 55 ; t the penicillium must have
clas: : tha pep =2

gomt . . ~had b::iken gown (dh}}?it gri
. lated this substance, which tu
nt_yet dis. vered against
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\/those typical of nitrogen, went on to discover the

~ argon (A) and helium (He). Why had Rayleigh obse

100  extra lines whereas (while) Hillebrand apparently haq e
of the answer seems to be that the former already POSS‘esse;I:

frame of reference which included the possibility that , g

ferent sort of N might exist; he was therefore extremely sengiyy,

to any apparent anomaly in the behaviour of this elemey

105  Hillebrand lacked this concept, and was therefore unable 1o g

TVed the, b

. the slight deviant reaction of the gas he assumed he was dealin
with. ‘ e

This dual (double) quality of being sen’g?tlve to, and curiow

<+ about, small accidental occurrences, and of possessing a fran

110 of reference capable of suggesting their true significance, i
probably what Pasteur meant when he said ‘Chance benefis

- that these qualities alo

7 Previously, are )
I15  indispensable fac

ful and systema
that it is the capa
which finally allows
—if it comes.

S =

"~ AND GOVERNMENT .

that sqxence, besides affecting

As this is now beginning
iety) of the scientist himself,




ot‘—the practical and ey
dogmatic one,
2 rather than th

B ool satint el e
industrialization—

patterns that followed —s as
whereas nowadays
ppocess ina dj&dé




