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MAY I INTRODUCE STATISTICS? 
, , 

BY 

Major G. FRASER ANDERSON, M.B., Ch.B., D.P.H. 

Royal Army Medical Corps 

PART iI 
THE' STATISTICAL SIGNIFICANCE OF J\.1EANS AND OF DIFFERENCES ,BETWEEN 

MEANS 

As we have seen already, we arE;) nearly always working with samples 
of the population and not with the population as a whole. The means of such 
samples will differ to a, greater or less degree from the mean of th~. population 
as a whole, but if the observations of the population' as a whole are normally 
distributed so will the means be also. Even ifthe distribution afthe population 
is not normal, that of the means of samples tends to be if the size of the samples 
is sufficiently large. 

Usually we do not know the standard deviation of the whole population 
but have to estimate it from a sample. It can be shown that the standard 
deviation of means of sample~ ofa certam numerical size, say N, wouldbe 

, approximately the standard, deviation of our own sample, S,D., divided b~ /, 
VN and, further, that the true mean, of the population is unlikely to be out
side the value of the mean of the sample plus or minus twice S.D.jv'N.. The 
expression S.D./VNis known as the standard error of the mean. 
\ The precision of a single mean depends on the vl;triability of the observed 
characteristics in the universe from which the sample is taken andQIt the size 
of the sample. The standard error of the mean has the same significance for 
the mean as the standard deviation has for the individual; in other words, 
it indicates the limits ~ithin which two-thirds of other ll).eans of equally large 
samples will lie, and some nineteen-twentieths of other such means will lie 

-within the limits inaicated by plus and minus twice the standard error. If the 
mean height of 100 r~cruits taken at random is found to be 170 cm., and the 
standard deviation is ± 6·5 cm., then the standard error of the mean is, accord-

ing to the formula given in the preceding paragraph, ± 6·5 = ± 0·65 cm. 
. 10 

This means that f~~ther random samples of 100 individuals in the same, 
.population would have a 2/3 probability of lying within the limits 169·35 cm. 
and 170·65 cm., and a 19/20 probability oflying within the limits of, 168'7 Cm. 
and 171·3 cm. If repeated samples of 100 of the same population are made the 
means will be found-to be alo~g a normal curve with a standard deviation 
of ± 0·65 cm. 
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318 May,] Introduce S~atistics? 

It is obvious that the standard error' calculated on a large sample is detet
mined with greater reliability than that calculated from a smaller number 
of individuals. The formula shows that the precision ~s directly proportional 
to the square, root of the number. Thus if the number of the observations is 
quadrupled the standard error is halved. It will also be seen that a standard 
error calculated on a sample where the variability is small is more exact than 
the standard error calculated on t\>n equally large sample where the variability 
is larger. Again it will be seen from the formula that the standard error of a 
ri:l.(~an is directly proportional to the variability of the individuals as expressed 
,by their standard, deviations., 

The significa.nce of the ,difference between two means is a determination of 
great importance which frequently arises, the problem being to decide whether 
there is a true difference between tw~ observational means. In other words; 
is the difference between the two means such that ,they might have arisen by 
chance in random samples or do they indicate that the samples differ from each 
other in some esseIltial characteristic 1 .. 

If the number of observations in each sample is sufficiently large, say, 
at least 50, the significance, if any, of the difference between their means can 
be most easily determined by calculating the standard error of the difference . 
between the means. This standard error is calculated from the formula: 

, SE' f th d·ff 'J (S.D· 1 )2 ,+ (S.D.2)2 . . 0 e 1 erence = --- ---
, ,N1 N 2 

where S.D. 1 and S.D.2 are the standard deviations of the two samples and 
NI and N 2 the number of observations. 

'Thus we might find that the mean height of 6,000 successive National 
Servicet:rien in England was 67 inches, with a standard deviation of 2·,6 inches, 
and the mean height of 5,000 successive National Servicemen in Scotland 
was 68 inches with a standard deviation of2·5 inches. Could we say from these 
figures that the male population of Scotland as a whole is taller than that of 
England at the time of cil,lling up, or is the difference merely due to chance as 
a resuit of unrepresentative sampling? If the observed difference, viz. one 
inch, 'is at least twice the standard error of the ,difference then it is unlikely 
that such a difference would have arisen by \chance and, there is a probability 
of at least 19/20 that the difference is representative of the population as a whole. 

According to the formula, the standard error of the difference is, in this ' 

case.: J 2.62 2·5 J 6·76 6·25 
6000 + 5000 , _ + 5000 

= vO·001l27 + 0·001042 
= vO·002169 
=0·04657 , 

, 'The observed difference of one inch is,then, not only at least twice the stan
dard error but is more than twenty times the standard error and it is therefore 
very unlikely that the samples have been drawn from the same universe. In 
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C. Fraser Andtmon 319 

other words w~ could say Scotsmen are on the average taller than Englishmen 
at the age of call-iIp if our samples, were representative of these age-groups 
as a whole. 

When we wish,to compare the means of samples of less than ,50 observations we have 
to calculate a statistic known as t which is essentially the ,ratio of the difference to its 

, standard error. 

t =' (X2 - Xl) . /N I·N 2(N I + N2 --'- 2) 
, 'V NI + N2 

J S(fCI) 2 - (S(~:))2 + SJX2)~ _ (S(~:)~' 

where NI is the number of observations in the first 'sample and Xl their mean,N2 the 
number of observations in the second sample and X 2 their mean (S means" the sum of " 
so that S(XI2) means the sum of the ~quared observations in the first.sample. (S(XI))2 

, the squared sum, of the observations" etc.) " , 
To take a simple example we might find that the scores obtained in an intelligence 

test given to t~I\l'O groups ,of school children were as follows: ' 
. _ Group I 3 5 6 4 3 3 4 

Group II 5 8 9 .6 12 9 7 6 
Does the difference between the means Of the scores obtained by the two g:roups indicate 
a significant difference between the groups ?, . 
. For Group I : 

Hence, 

NI = 7 
S(XI) = 28 

S(X?) = 120 
. Xl = 28/7 = 4 ' 

, (1) X 2 - Xl ='7'75 - 4 = 3·75 

(2) J1.f;-'N2(NI + N2 - 2~ =J7. X ,8 X 13 
NI + N2 15 

=6·97 

(3) J~(XI2) _ (S(~:))2 + S(X22) 

=. I 120 ~ 28
2 

+.516 _ 62
2 

, 
'\I' '7 8 

= /120 _ 784 + 516 _ 3844 
. 'V 7 ' 8 

= v'120 - 112 + 516 - 480'5 

== v' 43·q ~ 6·595 

Therefore t = 3·75 X 6'97 = 26·1375 =3.96 
6·595 6·595' 

For Group 1I: 

NB =8 
S(X2) = 62 

S(XB2)= 516 
Xli' =\ 62/8 = 7·75 

Whether or not this value of t is significant is determined by reference to tables. 
The following table, Table V, gives the significant value of t for a probability of 0·05. 

If, in our particular problem, the calculatecj. value of t is 'greater than that given, in 
the table for the appropriate value of n, then the probability of its having' occurred by 
chance is 0·05 or less. In other words, the odds against its having occurred by chance are 
at least 19 to 1. ' 

It is necessary to interrupt the story here to explain that " n " in the above table is 
not the same as N inthe sample, but indicates what are kn?Wll as the degrees a/freedom 
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,320 May I Introduce Statistics? 

TABLE V.-VALUES OFt CORRE~~ONDING TO A PROBABILITY OF 0·05 

n t n t n t 
1 12·706' 11 2·201 21 2·080 
2 4·303 12 2'179 22 2·074 
3 3·182 13 2,160 23 2'0.69 
4 2·776 14 2~145 24 2·064 
5 2·571 15 2·131 25 2'060, 
6 2·447 16 2·120 26 2'056 

'7 2·365 17 2'110. 27 f·G52 
8 2·30.6 18 2·10.1 28 2'0.48 
9 2·262 19 2·093 .29 2·045 

10 2·228 20 
I 

2·086 30 2·042 
00 1·960 

'available for calculating the S.D., In the case of a single mean, nequals N - 1. (This 
, may be most easily explained by ~n example such as that of a father who has five sons; 

he stipulates in his will the amount to be given to each of the. four younger sons, the 
residue to go to the oldest. ,There is obviously no " degree of freedom" in deciding how 
much the oldest should get; he gets what is left.) 

In referring to Table V, n, in this case is N 1 - 1, i.e. the degrees of freedom in Group I, 
plusNa -l,thedegreesoffreedominGroupII. Thatistosaythatn=N1 + N2 - 2 = 13: 
The value of t in Table V corresponding to n = 13 is 2·160. The value calculated from the 

, particular observations under consideration, 'viz. 3·96 is greater than that; so that the odds 
, against such a difference between means having occurred by chance are more than 19 to 1. 
In other '\Yords, by ordinary standards, there is a significant difference between the scores 
obtained by the two groups. 

(It will be seen that in Table V the values of n between 30 and infinity,have been 
omitted.' The value of t for n = 30 is 2·042, and fof n = 00 is 1·96. Accordingly, if one 
is determining the significimce of the difference between means when n lies between 
30. and 00, it may be said that if the calculated value of t,is more than 2·042 the difference 
is significant, if less than 1·96 t1).at it is not significant, and if it lies between these two 
figures that a full table would have to be consulted such as may be found in standard 
works on the subject of statistics.) , 

THE DIFFERENCE BETWEEN PROPORTIONS 

Testing the significance of the difference between two samples In respect 
of the proportion of individuals in each who show a certain characteristic 
is a problem which very frequently arises in medical work and is perhaps best 
exemplified in the comparison' between, two groups to one only 'of which a 

. certain line of treatment has been applied, the other acting as a control group. 
For example we may have a group 'of 60. persons who have been inoculated 

against the common cold and find that over a certain period 9 of them did 
not suffer from a cold. In a control group of 40 we find that only 2 did not 
contract a cold. In other words 15 per cent 0'£ the inoculated group ~nd 5,per 
cent of the control group' remained free from' colds over the same period. ' Is 
the difference likely to have arisen by chance or is it more likely that there was 
some other influence 'which has affected the result 1 Let us assume the hypo
thesis that they are in fact samples of the same universe in which the percentage 
of persons having no colds in the corresponding period is "x." Thenearest 
estimate we can make of " x " is found; by summing our observations; thus 11 
of the 10.0. persons under observation had no colds, so that 11 is the nearest I 

we can approach to an estimate ot the percentage of the ,population as a whole 
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G. Fraser Anderson 321 

who were free (if colds. The question now becomes: If we take a sample of 60 
and one of 40 individuals from a universe in which 11 per cent have no colds 
are we likely to get a difference 9f 10 per cent be~ween the two groups instead of 
the expected difference of zero.? . 

The standard error of the difference between proportions is obtained by 

the f~rmulaJ p X q+p X q wherep is the percentage of individuals in one cate-
. NI N2 . , " 

gory, in this case cold-free, and q the percentage in the other category, viz . 
. who suffered from one or more colds. 

In our presElrttexample the. standard error of the difference is obtained thus: 

S.E. of the difference =J p.X q + p X q= J' 11 X 89 + H X 89 
NI N2 60' 40. 

= V 16·32 + 24·47, 
= yl40·79 
= 6·387 

Our observed difference of 10 per cent; then, is less than twice its standard 
error andis therefore quite likely to have occurred by chance. Had the observed 
difference been more than tw:ice its standard error we might have reasonably 
concluded that some definite cause had led to the magnitude of the difference; , 
if we were satified that the groups were strictly comparable in all other respects 
the results would have justified an opinion in favour of the vaccine. 

CORRELATION 

It frequ~ntly happens in experimental work that we wish to know to what 
extent, if at all, one variable is related to another. For example, we might wish 
to determine the extent to which height and weight are related in children of 
a given age. The most useful and theoretically satisfactory method of measure~ 

I ment is known as the "product-moment" method, by which the correlation 
coefficient, r, is calculated., '.' 

The coefficient of correlation always falls between -1 and +1. If r.is ' 
. + 1, then there is complete "positive" association between the variables. 
Thus, in our example, such an association ~ould mean that for each increase 
in height there, was a constant illcrease in weight, the relationship being 
graphically represented by a straight line. If r is -1 there is a complete nega
tive association, i.e. for each increase in one variable th~re is a constant de()rease 
in the other. If there is no association between the variables, then r = O. 

-"'~, 

The theoretical formula for calculating r is : 

r= 
S (X -" ]C) (Y - y) 

,N. aX. a'Y 

where (X - X) and (Y - Y) are the deviations of corresponding values of 
X and Y from their means. In practice the simple theoretical fQrmula is rarely 

24 
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322 May I Introduce Statistics? 

used. It can ,be shown, however, that r canl>eobtained from the following 
formula: ' 

r 

S (XY) 
~ 

Xy 

aX.aY 

where XY is the product of each pair of corresponding variables, and XY 
the product of the two means. ' -

I ~ r2 ,.,' , 
, The, staIidarderror of r is,' v' N and, as usual, r, differs significantly from ' 

zero If it is more than twice its standard error. 

Thus in the following example, Table VI, there are listed in columns land II 
, , 

TABLE VI 

I Il III IV V 
Arith. Latin X S ys Xy 

Pupil N. X Y 

1 3 1 9 1 3 
2 9 8 81 64 72 
3 7 ~ 4 49 16 28 
4 8 10 64 100 80 
5 4, 6 16 36 24 
6 1 5 1 25 5 
7 6 5 36 25 30 
8 9 3 81 9 27 
9 7 8 49 64 56 

10 8 7 64 49 56 
11 5 2 25 4 .10 
12 4 6 16 36 24 

. 13 6 5 36 25 30 
14 5 9 25 81 45 
15 2 4- 4 16 8 
16 6 5 36 25 30 
17 5 7 25 49, 35 
18 4 1 16 1 4 

- 19 6 3 36 9 18 
20 2 5 4 25 10 

107 104 673 660 595 

the marks gained out of' 10 in tests in arithmetic and Latin given to each of _ 
twenty pupils. The problem-is to calculate the coefficient of correlation between 
the two. sets of marks/For tpis purpose three further colu~ns are added. 

Then: 

x ,_ 107 =5.35 
~ 20 

- 104 _ 5.2'0 
y =20-
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. /673 1" 
uX = V,20 - 5.35 2 = 2·242 I ' ;', ' 

~' (see formula on p. 272) 
aY = . /660 _ 5:202 = 2.441 , 

'V 20 ' , , J 

S(XY) = 595 ~ 29.75 
N' 20 

H • 29·75 - 5,35 X 5·20 0 353 ence r = = . 
, 2·242 X 2·441 ' 

Now, as we have seen, the standard error of r is 1 :;~2, that is 

,I -0.3532 = 1 -0·124 =.0'876 ~0'196 
,v 20 ,4'472 4·472 

323 

In this case r is less than twice its standard erro~, and thl'lrefore.the calculated coefficient 
of correlation does not, differ significantly from zero., , 

However, with small samples, the significance of the coefficient of correlation'should -
v'N - 2 ' 

be assessed by the t.method. For r, t. = r- '2" It is 'not, however, necessary to 
, ,vl-r", 

calculate t for each determined value of r, as the significance of r can be assessed from a 
table such_as that given below, Table VII. , ' 

TABLE VII 

Values of rfor P = 0·05 

n =N-2 
n r n r 

1 0·997 14 0·497 
2 "0·950' 15 ,0·482 
3 0·878 16 0·468 
4 0·811 17 0·456 
5 0·755 18 0·444 
6 0·707 19 0·433 
7 0·666 /20 0'423 
8 0·632 25 . ' 0·381 , 

(j·349 9 0·602, 30 
10 0·576 35 0·325 
11 0·553 40 0·304 
12 0·532 45 0·288 
13 0·514 50 0·273 

It will be noted that in the above table, n, the number of degrees'of freedom, is two 
less than N, the pumber of pairs of observations in the correlation (see note 'on" degrees 
of freedom" on p. 320). If the calculated value 'of r is as big as or bigger than the value 
in the table for 'the appropriate value of n, then the coefficient differs significantly from 
zero. In the above example, r was found to be 0·353. For n, = 18, the value of r in the 
table is 0·444. ,We 'see again, therefore, that'there is no real degree of association between 
the two varia1;>les. Graphs also exist, reference to which gives the actual P, or probability, 
of obtaining any calculated value of r for any given value of n. ' 

If the values of X and Y are large, it will be seen that the amount of arithmetic 
required to arrive at Columns Ill, IV and V in the above method 'of calculating r would 

'be considerable. A modification of the method is, however, available, by choosing 
arbitrary origins much In the same way as we did in calculating the mean of grouped 
frequency: distributions'. . ' . 
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324 May I Introduce Statistics? 

For example, let us suppose that ten pupils were given test!> in arith~etic and Latin, 
the possible marks being 50 arid 200 respe~tively, and that 'the marks scored were as 
under: ' 

Pupil No. 
Arith ... ? 

Latin .. 

1 ;l 
19 25 

145 151 

3 
·17 
140 

4 5 6 7 
20 26 30, 29 

144' 138 140 142 

The modified formlIla which may be used in this case is : 

S(XY2 _ DxDy 
N 

r = --------,-

8. 9' 10 
21 2324 

150 149' 150 

where X and Y are the'deviations of each of the actual observations from their arbitrary 
origins: Dx' = S(X)jN = the difference between the arbitrary origin and the true mean 
of X, and D y = S(Y)/N= the differen.:ce between the arbitrary origin and the mean of Y. 

S ' '1 . /S(X2) Z d . /S(YZ) . . 2 
lml ary ax = V ~ --D an ay = V~ - Dy 

(d. the formula on p. 000.) 

For the arithmetic test a convenient arbitrary origin would be 25, and for the Latin 
test 145. ' . 

Thus: X Y X2 y2 XY 
-~6 0 36 0 0 

0 +6 0 36 0 
-8 -5 64 25 + 40 
-5 '- 1 25 1 +5 
+ 1 -7 1 49 -7 
+5 -"5 25 25 - 25 
+4 -3 16 -- ~ - 12 
-'--4 +5 16 25 - 20 
-2 +4" 4 16 -8 
-1 +5 .. 1 . 25 -5 

-16 ---:1 188 211 - 32, 

ThenDx = - 16110 = - 1·6, and D~. = - 1(10 - Q·1 

aX = v'188/1O- 1~62 == 4·030, and 

aY = Y211/1O - 0·}2 = 4·592 

Hence r = 
- 32/10 - (-' 1·6 X 

4·030 X 4·592 
- 0'1) 

= - 0·159 

Referring to'Table VII, for n = N - 2 = 10 -.2 = 8, r 0·632. Again, therefore, 
the calculated value of the coefficient of correlation does not differ significantly from zero, 
and there is therefore no real association between the two variables. 

When the. number of observations is large, both the methods described may be 
laborious. The coefficient can then be calculated by constructing a correlation :table. 
Further discussion of this and gther methOds is not within the scope of tliispaper. Like
wise, it is intended to omit the method of estimating the significarice: of the difference 
between two coefficients and the c,,!-lculation of coefficients of regression and correlation 
ratios. 

CONMGENCY : THE X2 METHOD 

The methods described in the previous section for: the estimation of the 
degree of :relationship hetweentwo. variables ~re only applicable where both 

\., 
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C. Fraser Anderson 325 

_ variables are co.ntinuo.us, that is to. say that they are measurable by a no.tatio.n 
iq which each observati6n m,.aY differ from its neighbour by an infinitely small 
amount. Height, weight, blood pressure, etc., are examples of such variables. 
Frequently, however, in biological investigations the variables under examin
ationare not measurable in this way and the vario.us o.bservatio.ns can only 
be allo.tted to. catego.ries. Examples o.f these are co.Io.riro.f hair, co.Io.ur o.f eyes, 
whether o.r no.t an individual has been ino.culated; whether o.t'not he is pro.tected 
by inoculatio.n, and so on. To estimate the degree of associatio.n between vari
ables such as these the method usually employed is known as the x2 method. 

The ~2 method is based on the determination of whether the number of 
obserVatio.ns falling within the various categories differ significantly fro.~ the 
-number which wo.uldbe expected on so.me hYPo.thesis. 

If 0 is the o.bserveCl frequency which falls in a certain category and E the 
expected frequency On some hypothesis, then ' ' 

,,2 = S (0- E)2 
E 

III o.ther wo.rds x2is calculated by squaring the difference between the 
o.bserved and expected frequencies in each catego.ry and dividing the result 
by that expected frequency, and then by adding all the resultant 'quotients. ' 

I, . < ! 

The hYr>Qthesis usually assumed is that there is no. assQciatiQn between the 
two. variables." If the calculated v~lue of x2 is, hQwever, greater than that given 
fo.r n, the degrees 6ffreedo.m· in the particular investigatio.n, in the x2 table 
for a P of 0·05 (see below), then the hypo.thesis is dispro.ved and there is a're-
lationship between the two., variables. " - • 

For example I we might be attempting to. determine whether Qr nQt there is 
- any assQciatiQn between hair'cQIQur and eye colQur, each quality being divided _ 
into.fo.ur categQries. To. determinex2 we sho.uld CQnstruct a cQntingency table. 
(The Co.ntingency table is analo.go.us to the co.rrelation table mentiQned in the 
previo.us sectio.n.) , 

At the left-hand side o.f each" dell" we reco.rd the number of observatio.ns 
which, fall into. that cQlumn and rQw. FQr example there are 38 observatiQns 
having b6theye colour" I" and hair cQIQur " I ",andsQ Qn. The totals of 
each column and row are recorded at the foot of each column and at the right-
hand side of each row: The combined to.tals o.fthe columns and o.fthero.ws are 
the same, viz. 400, the number ofpajrs o.f o.bservations. 

. The expected frequency for each cell on the 'hypothesis that the variables
are not correlated is then calculated by simple proportion and inserted at bottom 

- right-hand' corner ,of each cell. For each c~ll this is calculated by finding ~he 
to.tal number o.f o.bservatio.ns in the co.lumn, and in the row in which the cell 
is placed, multiplying these two. totals together; and dividing by N, in this 
case 400. Thus in the tqp left-hand cell the figure 13,6 is o.btained by multi
plying 68, the total number of observations in Column I, .by 80, the total number 
of observations in Row I, a)ld dividing -by 400, the total number of all obser-
vations. -
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'326 . May I Introduce Statistics? 

Thus: 
EYE COLOUR 

I II III IV Totals (O-E)I 
E '. 

24·4 -11·2 - 4·8 - 8·4 0 . 43·776 
I 38 20 16 6 80 4·021 

-
13·6 31·2 .20·8 - 14·4 80 1·108 

4·900. 

.:... 6·4 33·2 -13'2 -13·6 O. 2·008 
. , II 14 80 18 8 120 23·552 

20·4 46·8 31'.2 21·6 120 5·584 

HAIR i 8·562 
J 

COLOURi ~ 7·8' -14·6 9·6 12·8 0 2·556 
III 16 40 46 38 140 3·904 

/ , 23·8 54·6 ,36·4 25·2 140 2·532 
6·502 

-10·2 . - 7·4 8·4 9·2 0 10·200 
IV 0 16 24 20 60 2·340 

10·2 23·4 15·6 lQ·8 60 4·524 
7·836 

\.-"----' ~------------' -------------------:.-, i 

133·904 
0 0 0 0 0 

Totals 68 156 104 72' 400 
68 .156 104 72 400 

x' = 133·904 . . 

If we add up to the "expected" figures l~ each row a~d column, the result
ing totals should be the same as those for the " observed " figures, and there
by furnish a check on the arithmetic. (It might be expected that 'these pairs 
of totals-should be the same, as the" expected" figure in each cell is derived 
only by a; redistribution of the total. in each column' and row on the .hypo-
thesis of nort-,association between the variables,) . , 

Finally we insert in the top right-hal}.d corner of each cell the'difference 
betwe~n the observed and expected frequencies (0 - E). If the values for 
o - E are added for each' column and row the resulting total· should be 0 
in each case, giving one further check on the arithmetic. 

'(0 - E)2 ' . . . 
The values ofE . for each cellls calculated, as has been done to the 

right of the pontingency ta~le above. Thus 43'776 i824·4 2/13·6, etc. Thevalue 
of x2 is then obtained by summing these values, and is, in this case, 1-33··904. 

To determine whether the calculated value of x2 differs significantly from 
zero, we need first to know n, the number of degrees of freedom (see p. 320). For 
a contingency table consisting ofr rows and c columns, n is(r - lHc-I). In 
the present example, therefore, n is 9. Byreferenceto Table VIII, we see that 
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TABLE VIII 

Table of x2 for different values of n 
p = 0·05 

n x2 n x2 n x2 

1 3·841 11 19·675 21 32·671 
2 5·99:1 12 21·026 22 33·924 
3 7·815 13 22·362 23 35·172 
4 9·488 14 23·685 24 . 36·415 
5 11'070 15 24·996 25 37·652 
6 12·592 16 26·296 26 . 38-885 
7 14'067 17 27·587 27 - 40·113 
8 15·507 18 28·869 28 - 41·337 
9 16·919 19 30·144 ' 29 42·557 

10 18·307 20 31-410 30 43·773 

. the vl}lue' of x2 for.n = 9is 16'919. The calculated value of x2 is greater than 
'this, and so we can conclude that there is a degree of association between the 
two variables. (Other tables may be consulted which give the actual P for 
different values of n. In our present example; th~ probability of obtaining .such 
a high value of x2 as 133'~04 with n equal to 9 is so small.thi\-t it would occur 
as a result of random sampling less than once in a million times.) The nature 
of the association between the v.ariables is discovered by. referring b'ack to the 
contingency table. . , 

If we do so, we can spot at a gla:p.ce that those with hair colour " I "are 
most likely to have eye colour" I "and a cil.iminishing likelihood.of being in 
the eye colour. categories" H," "HI ,; 'and" IV." The corresponding rela
tionship of the other categories of hair colour can be similarly observed~ . 

(N.B.-In using the methods of contingency, the sample shouid besuffi
ciently large to ensure that the expected frequency in each cell is at least 5..) 

. , 
Frequently.the variables whose relationship is being investigated are each 

divisible into two categories only. In such a case the contingency table con
sists of four cells only and the need for calculating expected frequencies can be 
eli~inated, and the arithmetic correspondingly simplified, by the use of the 
following method. . 

Let us suppo~e that.a group of 85 were given a cholera vaccine during 'a 
cholera epidemic and of these 20 contracted cholera; another group of 75, .. 
similar in all other respects, were not inoculated and of these 50 contracted 
cholera. Is there a significant association between immuhity from the diseitse 
and the inoculation 1 

First of all a contingency ,table is .constructed. 

. Did not cOhtract cholera 
Contracted cholera 

Total 

Inoculated ,Not inoculated 

65 (a) 
20 (c) 

85 
(a + c) 

25 (b) 
50 (d) 
. 75 

(b+d) 

Total 

90 {a + b) . 
70 (c + cl) 

160 (a + b + c + d) 
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For such a 2, X 2 table, 

2 _ (ad -1;lc)2N 
X - (a + c) (b + d) (c + d) (a + b) 

(65 X 50 - 25, X 20)2 X 160 
85 X 75 X 70x 90 

= 30·13 

As we saw previously n in the case of a contingency table is (c ~' 1) (r - 1) 
where c is the number of columns and r the number of rows. With a 2 X 2 
table, then, n is 1. By referep.ce to Table VIII we see that for n=l, X2 = 3·841. 
Our ca,lculated valq.e of 'X2 is greater than this, so that there is a sigilific~nt 
relationship between inoculation and protection. ,By r~ference,to the contin
gency table we' can see that the relationship is one which favours the use of the 
vaccine. 

Finally we have the case where one of the variables is divided into more than two 
categories and the other into twci only. X 2 can be calculated by the method given at the 
beginning of this section, but again the calculation of expected frequencies can be 
avoided by the following method. : ' 

Let us, suppose that we are 'examining the efficiency of four different batches of 
vaccirie. A contingency table is constructed as before; thus: 

Protected .. 
_Not protected 

Total 

Batch Batch Batch 
A B C 

36 (a.I) 
12 (a.2) 
48 

(a.l+ a.2) 

42 (b. 1) 
22 (b.2) 
64 ' 

(b.1 + b.2) 

30 (c.1) 
20 (c.2) 
50 

(c.1 + c.2) 
For. column, A, we calculate 

Batch 
D 

12 (d.1) 
26 (d.2) 
38 

(d.1 + d.2) 

[(a. 1 X N.2) - (a.2 X N.1)J2 = (36 X 80 - 12 X 120) 2 = 43.200 
a.1 + a.2 48 

Similarly for column B, we calculate 
[(b.1, x N.2) - (b.2 x N.1)J2 = (42' x 80 - 22 X 120)2 = 8.100 

b.1 t 0.2 64 ' 
For column C 

[(c.1 X N.2) - (c.2 xN.1)J2 = (3D X 80 -:- 20 x120)2 = 0 
c.1 + c.2 50 

For colu~J:?.D 
[(d~ 1 x N.2) - (d.2 x N.l)J2= (12 x 80 - 26>< 120) 2 = 122.779 

, d.1 + d.2 " 38 

x2 is the sum of those qualities divided by RI x N.2 

174079 
Hence X2 = ' = 18·1 

" 120 X 80 ' 

Total 

120 (N.1) 
80 (N.2) 

200 

In this example, on the same lines as previously, n = (4 - 1) (2 '-C- 1) = 3. 
By reference to Table VIII we &ee that for n = 3, x2 = 7·815. 

Our calculated value is greater than this, so that we may say that there is a significant 
'association between the variables. ' , 

A glance at the contingency table shows that the proportion of those inoculated who 
are protected decreases progressively as we proceed from Batch A to B to Cto D.' 
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Sl!MMARY 

In the introd~ctory section the elementary mathematical basis of the sub
ject was demonstrated and emphasis laid on the fact that statisticalsign(/icq,nce 
never amounted to proof but was an estimation as to whether one's findings 

I were or were not likely to have occurred 'by chance. 
~ The section on averages described the different kinds of averages which are 

used ami showed how the. median and the mode occasiQnallyga ve a more 
accurate picture ~han the mean. In that-selection, too, the use o(frequency 
distribution tables was shown and als~ the met'9.od of arriving at. the mean, 
median and mode from such tables. 

",. / 

Measures of scatter, or dispersion, were defined in the next section, and 
methods of calculating the standard deviation described. There followed a 
short section on the coefficient of' variation which showed how two or more 
variables could be compared as regards their scatter by calculating the co
efficient of variation of each from their standard deviations. 

The normal distribution was then dealt with, and its relationship to 
statistical significance explained. The following section showed the degree 
of reliance fone could place on the mean of a sample as representative of the 
mean of the universe from which ,the sample was drawn, and two examples 
were worked out to show how the difference between two, means could be 
examined to determine whether or not two samples differed essentially from 
one another. . 

\. The section on the difference between proportions showed how statistical 
method coUld be employed to investigate the effect of a line of treatment 
where a control group was available as a basis of comparison, and the following 
section on correlation described how the existence of a relationship between two 
variables could, be determined~ 

Finally, the section on contingency showed how the x2 method could be 
applied to indicate the relationship, if any,_ between characteristics. which 
could n{)t be measured but where the individuals examined had to be placed 
in certain categories in respect of those characteristics~ 

CONCLUSION 

The aim of the paper was stated in the opening paragraph, and it is hoped 
that it may have succeeded in attracting the interest of some who have, pre
viously neglected the subject because of some imagined difficulties in under
standing its processes. It is a subject of great importance to all who undertake 
procedures of investigation and a knowledge of its elementary principles are 
essential to all who would wish to read critically any scientific paper in which 
the material is submitted to statistical analysis. No more than a few of the 
basic principles have been dealt with, but it is ho-ped that those who have 
read as far as this may have been stimulated to further their knowledge by 
reading one of the books on the subject which deal with it in greater detail, 
many being written in a 'style which makes them easily understood by the 
less mathematically minded. 
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