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MAY I INTRODUCE STATISTICS? 
BY 

Major G. FRASER ANDERSON, M.B., Ch.B., D.P.H. 
Royal Army Medical Oorps 

PART I 

INTRODUCTION 

THE purpose of this pap~r is to explain the terms commonly used in statis~ 
tical analysis and to indicate the application of the simpler statistical methods. 

Many impolite remarks have been passed, are being passed, and will, 
no doubt, continue to be passed regarding statistics and statisticians. Some 
of them are true and. a few of them· are trite .. The expression most frequently 
used is probably to the effect that "figures can be made to prove any-
thing." . 

Figures can prove many things ; for example, if you are endeavouring to 
complete a journey at the average speed of 30 miles per hour and you accom
plish tlle first half of it with an average of 15 m~p.h., nothing less than a magic 
carpet will be necessary for the rest of the journey. That may appear incredible 
at first sight; that it is true is due to the fact that you have used for the first 
half of the trip the time you had a;llowed for the whole jou,rney. I can remember, 
also, when two members of a cricket club were running neck and neck to top 
the bowling averages for the season. With one match to go both had the same 
avera,ge; the fast bowler had already taken 100wickets for 1,000 runs and the 
slow bowler 10 for 100; in the last match the fast bowler took five for five and the 
slow bowler five for twenty. Consternation is .the mildest term for the emotion 
which was experienced by the former when he discovered that his labouTshad 
resulted in his having a final average of 9·57 whereas his rival ended up with 
an average of 8. The injustice is only . apparent, however, as, although both 
had improved their averages, the slow bowler had done so to a greater extent 
relatively to the number of wickets and runs he had already tak~nand conceded. 
Had the last day's performances been spread over the whole season, not even 
an apparent injustice would have been suggested. Batting and bowling aver
ages are not always what they seem! What I like to believe is that the expres
sion. " figures can bemade to prove anything" originated at about the same 
time as " the exception proves the rule" ; at the time, in fact, when the word 
"prove" had not lost its relationship with the original "probe." I think we 

guest. P
rotected by copyright.

 on M
ay 22, 2023 by

http://m
ilitaryhealth.bm

j.com
/

J R
 A

rm
y M

ed C
orps: first published as 10.1136/jram

c-95-05-02 on 1 N
ovem

ber 1950. D
ow

nloaded from
 

http://militaryhealth.bmj.com/


266 M ay I Introduce Statistics 1 

can agree that the exception probes the rule and . that figures canprobeany~ 
thing. 

Those who sheer away from the subject of statistical methods (those, in 
fact,. who make the rude remarks) are usually frightened either by the mathe: 
matics involved, the technical expressions encountered, or by the Greek symbols 
employed. In practice the mathemat:ics is not difficult, the expressions used . 

. are mostly self-explanatory, and .the symbolism easily understood where it 
.cannot be entirely eliminated. The faint-~earted, however, may prefer to. 
omit, on first reading it at least, that part of the paper which is printed in 
small type. This can be done without disturbing the sequence of the remainder. 

One fact which must be understood at! the .outset is that, no matter what 
figures can be made to do, statistical methods can prove nothing; They are merely 
tools in the hands of the research worker by means of which he is enabled to 
describe, relate and assess the value of his observations. They can be used 
and they canbe abused .. What is of imp orta rice is that those who r~ad original 
work in which figures are used by the writer should be able to judge whether 
he has in fact used them or abused them. 

The term "statistical significance" is not an absolute one~ It is based on 
probabiiity. If there are three horses in a race, each of which is considered by 
the bookmaker to have an equal chance of winning he will (if he is not interested 
in profit !) open his book by offering two to one against each of the runners. 
By two to one he means that he, considers a horse to have one chance in three 
of winning; this may be expressed as a probabili~y of!; each horse has an equal 
chance in this case, and 1 + 1 + 1 = 1. It is always the case that probabilities 
expressed in this way do add up to 1 provided that all probabilities are included. 
If you .. throw: a die, your chance of throwirig a 6 is 1/6, andyour chance ofthrow: 
ing something else is 5/6; 1/6 and 5/6 again making 1. Your chance of throwing 
a 5 or a 6 is 1/6 + 1/6 = .~ ; your chance pf throwing anything else is 4/6 
or 2/3 and again 1 + 2/3 = 1. Here h1\,s been used the constant rule that the 

. probability of either one thing happening or another is found by adding to
gether the probabilities of eacp.. On the other hand your' chance of throwing 
two sixes with two dice is 1/6 X 1/6 i 1/36.' In other words the odds are 
35 to 1 against. Here the rule is that the prqbability of one thing happening 
I},S well as another is found by multiplying the individual probabilities: To extend 
this, the odds against your throwing three sixes with three dice are 215 to 1 
(1/6 X 1/6 X 1/6 = 1/216). In other words the chance is so small that one 
might consider the throw to be significant. If you performed the feat several 
times it would be so significant that you might be accused of using loaded dice. 
Nevertheless proof would be lacking, because the" probability," no matter 
how small, would still exist. Similarly with what is called statistical signi
ficance ; when the result of an experiment is said to be statistically significant 
all that is meant is that the probability of such a result having been obtained 
by chance is extremely small; how small depends upon the rigour of thestan
dard which has been adopted. One of the reasons why sta~istical signifi- . 
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G. Fraser Anderson 267 

cance can never be regarded as proof is that one is nearly always working, 
not with the 'population as a whole, but with a sample of that population.' 
Obviously th~ value placed upon the results of an experiment depends largely 
on the size of the sample and on the extent to. which it is representative. of the 
population. If you took ten women at random and found that all the blondes 
were blue-eyed and all the brunettesbrown-eyedyou might be interested .but 
not sigIiifi()antly i;mpressed. If you increased your sample tenfold and found 
the same result you might begin to think there was a definIte relationship 
between fair hair and blue eyes on the one hand and dark hair and brown eyes 
on the other. No matter how big your sample, however,YQu could never be 
ab80lutely 8ure that the next blonde you came across would have blue eyes . 

. AVERAGES 

The best known and most useful form of average is the arithmetic mean, 
uSUitlly called the" mean" or " av~rage," so that when the word" average" 
is used, the arithmetic mean is usually intended. The mean of a number of 
observations' is, of course, normally founq. by adding all the observations and 
dividing the total by the number of observations. When the number of obser
:vatiolls is large, however, this would be a laborious operation, and the usual 
method is simplified by the construction of'aJrequency di8tribution table (Table I). 

TABLE, I.-FREQUENCY DISTRIBUTION TABLE SHOWING THE NUMBERS' OF COLDS 

SUFFERED ,BY EACH OF 814 INDIVIDUALS IN THE COURSE OF ONE YEAR 

No. of colas No. of individuals 
o 14 . 
1 173 
2 247 
3 233 
4 112 
5 23 
6 12 
7+ 0 

Total 814 

Instead of adding together 814 separate figures the same result is obtained 
by multiplying each figure in the first column of the table by its corresponding 
figure in the second column and adding the results. .Thus the total number 
of colds is: 

(0 X '14) + (I X 173) + (2 X 2'47) + (3 X 233) + (4 X 112) X (5 x. 23) +, 
(6 X 12) ...:..- 0 + 173 + 494 + 699 + 448 + 115 + 72 = 2001, and.the 
mean number of colds suffered by the 814 individuals of course is 2001/814 
=2·46. 

In the above example the values- of one's observation!? were anything from 
o to 6. This method would, however, still be laborious if there were many 
possible values of one's observations. In such a case one's findings are usually 
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268 M ay I I n~roduceStatistics ? 

tabulated in the form:. of a grouped frequency distribution table and the mean 
can be determined by a modification cif the meth.od used above (Table H). 

TABL:E H.-GROUPED FREQUENCY DISTRIBUTION TABLE SHOWING THE SYSTOLIC 

BLOOD PRESSURE OF 222 HEALTHY ADULTS AND THE METHOD. OF CALCULATING THE 

MEAN 

I Il III IV 
SystolicB.P. Frequency Group No. Il x III 

95-99 2 -7 ;-14 
100-104 4 -6 -24 
105-J09 7 -5 -35 
110-114 12 -4 -48 
115-119 19 -3 -57 
120-124 24 -2 -48 
125-129 27 -1 ~27 

130':"'134 35 0 -253 

135-139 26 1 26 
140-144 21 2 42 
145-149 18 :3 54 
150-154 13 4 52 
155-159 6 5 30 
160-164 5 6 30 
1l35-169 2 7 14 
170-174 1 8 8 

222 256 
--'253 

3 

The first two . columns form an example of a grouped frequency distrib\ltion table. 
To calculate the mean, an arbitrary origin, or starting point; is selected, usually the 
centre point of one of the groups towards the middle of the table. In the example· 132 has 
been chosen as the starting point (all observations', between 129:5 arid 134·5 will be 
included in the 130-134 group). A third column is then added, numbering the 130-134 
group (i.e. that including the starting point) zero, the higher' groups 1, 2,3, etc., and 
the 19wer groups -1, -2, -3, etc. Cohimn 1 can now be ignored, and.a fourth column 
is formed by multiplying the figures in columns Hand IH. When the figures in column 
IV are added, making due allowance for + and ~ signs, the total, in this case 3, divided 
by the number of observations, 222, gives the discrepancy in "working units" of 'the 
arbitrary origin or starting point from the true mean. The" working unit" is the number 
of units included in each group, in this case 5. Thus: 

3 
Discrepancy in:vorking units = 222= 0·0135 

Size of working unit 5 
Arbitrary origin or starting point = 132 

Therefore, the true arithmetic mean = 132 + 0·0135 x 5 
= 132 + 0:0675 
= 132·0675 

(N.E.-If the sum Of column IV had been negative, the discrepancy would have been 
subtracted from the starting point instead of having being added to it; e.g: if the total 
of column IV had been - 9, the other values remaining the same, thim : . 
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(). Fraser A nderson 

9 
Discrepancy in working units = 222 = - 0,0405 

Size of working units & 
Arbitrary origin or starting point = 132 

Therefore, the, true arithmetic mean= 132 - 0'0405 X 5 
=132- 0·2025 
:== 131·79751 

269 

It will be realized that the above method is completely accurate only if the mean of all 
the readings in each group is coincident with the central point of the group. This is an 
acceptable' assumption which becomes ,lIlore and more nearly true as the number Of 
observations increases. . 

An~ther form of average which is sometimes used is called the median. 
This, as its name implies, is the central observation when all the observations 
are arranged in order of magnitude. Thus, if there are twenty-one men on 

. parade and they are" sizeq. ".in one rank in ordat' of height, .then the height 
of the middle man;Le. the eleventh from either end, will be the median height 
of all those on parade. .The essential' point about the median is that there are 
an equal number of obserVations on each side of it. If there are an even number 
of observations then the median is taken as the mean of th~ two central obser- , 
yations.Thus,ifthere had been twenty~twomen on parade, the eleventh and 
twelfth men wou.ld have been equally central and the mean oftheir two heights 
would have given the median. It will be seen that there would still have been 
thesame number of observations, viz. 11, on either side of the median. 

TO find the median in a grouped frequency distribution requires but a modicum of 
common sense and the acceptance of the assumption already suggested; that the 
observations in any one group are evenly distributed throughout that group. Reverting 
to Table n, itisobvious that the median obser~ation of the 222 is the mean of the one 
hundred and eleventh and the one hundred and twelfth observations. (There would then 
be 111 observations on. each side~) There are 95 observations in the first seven groups 
and 35 ,in the eighth group (130~134). It is then;fore obvious that the hundred and 
eleventh and the hundred and twelfth observations must"lie in that group. The question 
is where? The answer is that the two required observations will be the sixteenth and 
seventeenth in that group (llh95 =16, and '112-95= 17). If Wf'l may assume'that the 
observations in that group are evenly distributed then the required observations will be 
129·5 + 16/350f 5 and 129·5 +17/35 of 5. (In other words, the lower limit of the group 
plus 16/35 and 17/35 of the size of the group, there being 35 observations in the. group.) 
Accordingly the ,median is the mean of 129·5 + 8Q/35 and 129'5 + 85/35, i.e. the mean 
of 131'7~ and 131'91, Le: 131·85. . 

A form of average which is occasioI;tally used is the mode. This; as its name 
suggests,. is " the most fashionable. or most frequently occurring, observation. 
In Table I, for example, the mode is 2, as more individuals suffered two colds 
than any other number. The mode, however, can rarely be determinedaccu-. 
rately by the, study of numerical data as errors in sampling .orthe small size 
of the sample may easily result in anobservati6n occurring most frequently 
which differs considentbly from that of the population asa whole. 

If a graph of the freque;ncy of any va:riable for the total popUlation were 
drawn, the highest point ofthe curvewouldrepresent the Illode,since the maxi
mum frequency would occur at that point. It has been found that, in curves 

20 
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27() M ay I Introduce' 8tatistics 1 

which are not greatly' asymmetrical, it i!3 better not to rely on the most fre-' 
quently occurring observation but to determine the mode by applying the fol
lowing formula : 

Mode = mean -3 (mean - median) 

In distributions which are perfectly symmetrical the mean and median are 
equal; the ~ode will then equal the mean - 3 X ,() ;in other words the mean, 
median and mode will all be equaL , 

The median and mode are less valuable ,as averages than the mean: arid an~ 
nlUch less -commolliy used. Their' most obvious use is where the, m,ean would 
give a false picture by reason of there being one or two exceptional outlying 
observations in a series whioh is otherwise fairly ulliform. 

E.g. the 'inhabitants of a village might consist of twenty cottagersearning 
£300 each year, and a squire with all income of £3,000. To say that the average 
income of the inhabitants was in the neighbourhood of £430 would obViously 
bea distortion of the true state of affairs (although the mean in fact is over 
£42810s.). On the other hand, the median andm6de in this case would both 
be£300,a much more accurate figure. . 

THE MEASUREMENT OF SCATTER, OR DISPERSION 

Averages, which we have, been considering so far, may be described as 
measurements of position. They fix the position around which the variables 
occur. They rarely, however, give a sufficiently adequate description of those 
variables. Suppose that the twenty-one soldiers whom we ,had on parade in 
the last section had a mean height of 5 ft. 8 in. ; they inight nevertheless vary 
from 5 ft. 3 in. to 6 ft. 3in. ; or, going towards ,the other extreme, they might 
all be between 5 ft. 7 in. and 5 ft.' 9 in. To complete the picture, we must, have 
some measures which will.describe the scatter, as it is comulOnlyealled, of one's 
observatjonsroulld the mean. ' , .' " 
, The ,range is the simplest measure of scatter or dispersion. Thus in the parade 
above-mentioned one could say the mean height of the soldiers was 5 ft. 8 in, 
with a range of 5 ft. 3 in. to 6 ft. 3 in., or, on the other hand, 5 ft. 8 in. witiJ: 
a range of 5 ft. '1 in~ to,5 ft, 9 in. The range, however, is ,nota good measure 
of dispersion as it depends on only two of the observations, and these may easily 
mislead; one or both of them, for=example, being exceptionallydivorc((d from 
theJ'est.(Thus', in the parade above-mentioned the range might be 5 ft. 3 in. 
to 6ft.3in; and,yet all but ,the two exireme observations be within the raIlge 

, of 5 ft; 7 in. and 5 ft; 9 in.) 
,The inter-quartile range,as its name indicates, involves the division of the 

observations illto quarters. This is accomplished by taking first the median 
of all observations, thus dividing them into two n\lmerically equal halves, 
and then taking the median of those two resulting halves. The three resulting 
" mediitns " are termed" quartiles" and the inter-quartile range is the range 
between the upper and lower quartiles. , 

Ill: its !Simplest form it can be applied to seven observations~ If these are 
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G.Friurer Anderson 27]; 

arranged in orde'rofmagnitude, the median observation is, of course, the fourth,,: 
(There would then be three observations on each side;) Of each of these grou~ 
of three observations the median is the second, leaving one on each side, and 
the inter-quartile range the range between those two final medians, the upper' 
and lower quartiles. Thus, one might apply the inter-quartile rangtl to a series 
of seven observations of height in.a sample, say, of children who are. being 
investigated in a nutritional experiment. If their heights in inches were 42, 
46, 47, 49, 50, 52 and 57, then the median observation would be 49, and the 
upper and -lower quartilef:j 46 and 52; the inter-quartile range would be 6 
inches. (RB. that this expression, of.scatter avoids ,the exaggeration which 
would otherwise be suggested by the lowest and 'highest observationsb~ing far 
removed from their neighbour.) . . 

In practice~he inter-quartile range, is usually halved, and quoted as the 
8emi-inter-quartile range. In the last example this would, of course, be 3 inches . 

. Although this measl;lre is an improvement on the total range it is not amenable 
to further statistical treatment and is still liable to be anomalous; . . 

o ,-

A measure. wh~ch uses all the observations is .the,mean deviatiQn. This, 
as its name implies, is the' meapamount by which all the observations deviate 
from their average. The median rather than the arithmetic mean is usually 
taken as the average for this purpose. In the last example the observations 
in inches. were 42, 46; 47,49, 50, 52 and 57. Of these the median observation is 
49. The deviations of each observation from 49 are 7, 3, 2,0, 1, 3 and 8 .. The 
mean deviation is, then, the sum of these deviation.s,24, divided by their 
number, 7. The mean deviation is, accordingly, 24(7-:- 3·43'-' ' 

The 8taiulard Devidtion.-+This ,is the.most useful of all measures of scatter 
and is, in words, the square root of the· mean of all squared deviations of obser
vations from their mean .. The symbol usually employed to represent ,the stan- ' 
dard deviation is the Greek letter (J(sigma~. The abbreviation KD. may be 
used instead. fIn our last example the observations were 42, 46, 47,49, 50, 
52 and 57. . . , 

Mean -:- sum of observations divided by their nU!llber 
=(42 + 46 + 47+ 49 + 50+;';.2 + 57)/7 
= 343J7 
== 49 

. Deviations Jromthe mean 
Squared deviations 
Mean of squared deviations 

Standard deviation . 

= -7, -31 -2, 0+ 1 + 3 and + 8 
49, 9,4; 0, 1,9 and 64 
(49 +9 + 4+ ° + 1 + 9 + 64)/7 
136/7' '. 
19·43 
y19:43 

v4'41 . 
, , .-

That method6fcalculating the S.D.is simple when the mean, as in the above example, 
is a whole number. This, naturally, is not usually thy case. As a'rule, therefore, the 
deviations a~e not whole numbers 'and squaring the~ would be laborious. However, it 
can be shown mathematically that theS.D. can be obtained equally well by finding the 
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272 May I Introduce Statistics ? 

square root of (mean of the squared observations minus the squateof their, meap.). To 
demonstrate the truth of this, let us apply it to the same example .(Table Ill). 

Then: 

Observations 
42 
46 
47 
49 
50 
52 
57 

343 

TABLE III 
Squared observations 

1764 
2116 
2209 
2401 
2500 
2704 
32~~ 

16943 

Mean cif squared observations = their' sum divided by their number 
=16943/7 . 
= 2420·43 

Mean of observations =' 343/7 
= 49 

Squared mean of observations = 2401 
Therefore, S.D. = y'-=-247"2=-=O,---·4"7:3=--_-2-=-47:0c-:-1 

. = y'19·43' 
= 4·41 

The same result as was obtained before. 

The above calculation can beexpressecl in .the shape ·of a 'formula: 

S.D. = /S(X
2 
.. } _ X2 

, ~ Ni 

where S(X2) means the sum of the squared observations, 
N is the number of observations, 

and, X is the mean of the observations. 

In order to calculate the S.D. from a frequency distribution table, the formula is 
modified thus: . , 

S.D.,= JS(~X2) -',(S(~X)y' 
Where f is the frequency with which each v""lue of X occurs. 

The use. of this form\lla i~ shoWn in the following example, in which the standard 
deviation is found of the observations in Table 1. 

No. of colds Frequency fX ' fX2 
X f (fx X) (fX X X) 
0 14 0 0 
1 173 173 173 
2 247 494 988 
3 233 699 2,097 
4 112 448 1,792 
5 23 115 575 
6 12 72. 432 
7+ 0 0 0 

814 2,001 6,057 
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G_Fraser Anderson 

Then S.~. ~ JS~ - C~(~Lr 

= J6057. _ (2001)2 
·814, ... 814 

= V7·441· - 6-043. 

= VI-398 

= 1·182 

272 

, In a grouped freqU(mcy distribution table the standard deviation can be found from 
the modified formula. As an example, Table II is reproduced with ope additional column 

, (Table IV). 

TABLE IV 

I 1I III IV 
Systoiic 'Frequency Group No. fX 
S.P. f X (fx X) 
95-99 2 c-7 ,-14 

100--104 4 ~6 -':24 
105-109 7 -5 -'35 
110-114 12 -4 -48 
115-,119 19 :":':3 .. -57 
120-124 24 -2 .. ~48 

1,25,...129 27 -1 -27 

130-134 ,35 0 .-253 
,135-139 26 J 26 
140-144 21 ,2 42 
145-149 18 3 54 
150-154 13 4 52 
J55-159 6 5 30 
160-164 5 6 30 
165-169 2 7 14 
170:""174 1 8 8 

_._' 

222 256 
--:- 253 

3 

Then, by the modified formula :, 

. . ..." JS(fX2) ·CS(fX))2 S.D. m "workmgumts . = ~ - N-

J1875 (.3)2 
= 222 - 222 

= V8-4457 

= 2·906 

V 
fX2 

(fX>< X) 

/' 

98 
144 
175 
192 
171 
96 
27 

o 
26 
84 

162 
208' 
ISO 
180 
98 
64 

1,87~ 

,- ' 

and since the working unit in this case isagroup of 5 actual units,then S.D. in actual 
units is.z·906 X 5 = 14-53. . . 
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M ay I Introduce Statistics ? 

r:rHE COEFFleIENT OF V ABIATION 

It should be noted that t~e scatter of one set of variables cannot be directly 
compared with the scatter of another set unless the rtlean of each is the same. 
Thus, the length of needles and of ninepins maybe equally variable, but that 
would no;t be apparent by comparing their . standard deviations expressed,say, 
in centimetres. Scatter can be compared, however, by expressing t4e standard 
deviation asa percentage ratio of the mean, thus : . 

V (th ffi · t· f . t·) RD. x, 100 . ,e coe CIen 0 vana IOn , = -----
,mean 

-In"this way the units, of measurement are eliminated, as they occur b6th'ill 
.the numerator and the denominator; and V becomes a ratio independent of 
these units. . 

For example let us .comparethe' relative variability of the data in Tables II 
apd Ill. . . .. 

For Table II : 

For Table III : 

Mean = 132-0675 (see p. 268) 

'S.D. - 14·53 (gee p. 271) 

14:53 X 100 
1'32·0675 

andY, 

.' ' Mean , 49 (see p. 268) 

>J S.D. -:- 4·41 (see p. 271) 

and V 
4·41 X 100 

49 
=9 

In effect, this means that the~bservations in Table II are about 1·2 
times as s~~ttered around theirme;l.n as are the observations in T~blenI. 

'TRE NORMAL DISTRIBUTION , 
Much statistical theory and method depend upon the fact that variables 

subjected'to the many unc()ntrollable causes which are collectively called 
chance form a frequency distribution which C!),n be depicted graphically in 
the form of a: curve and that many biological observations have what is known 
as a "normal" distribution and maybe represented by a/"norIllal'?or Gaus
sian symmetrIcal curve; This is 1]1ost e;1sily explained by an example. Accord
ingly, in fig. 1 there is, represented a.histogram of the grouped frequency 
distribution of the systolic blood pressures we have already considered in 
Table II. 

If the size of each group had been made infinitely.small and the number of 
observations sufficiently large, the' histogram would have resolved itself into 
a; symmetrical curve:as shown in fig .. 2. 
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FIG. f.-Histogram of frequency distribution of systolic blood pressure. 

30' 

FIG. 2. 

Ina symmetrical distribution, as we have seen, the mean, mode and median 
are coincident and they are represented in .the figure by the central line which 
divides the area contained by the curve into two equal parts~The area contained 
by any two uprights from the base to the curve represents the proportion of 
the total observationswhioh fall between the two points .on.the base from which 
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.276 M ay I· Introduce Stati8tic8 1 

these ~wo uprights were erected., In fig. 2 additional lines have. been drawn 
'from the points on the base where, ina normal distribution, plus and minus 
the S.D. and twice and thrice theS.D. would lie on each side of the mean. 
The area between the lines - (]' and a is 68 per cent of the total area enclosed 
by the curve. This means that an ~bservationwhich differs from the mean, 
positively or negatively, by more than the S.D. will occur' about one time in 
three. Similarly, the area between the lines - 2 (]' and 2 (J is 95 per cent of 

, the total area, which means that 'the probability of any single observation 
showing a positive or negativedtlViation from the mean of more than twice 
the S.D. wiJI be about 1/20. Again, the area between - 3 (]' and 3 (]' is 99·7 
per cent of the total,indicating that only one in some 370 thnes will an obser~ 
vation show a deviation from the mean of more than plus or minus three times 
the S.D. . 

You,may remember a game known,as Corinthian bagatelle, the predecessor 
of the pin-tables which now adorn the saloon bar,' and which consisted of an 
incli~ed board with a number of pins inserted into it ; 'the player propelled 
a ball to the raised end of the board, and, depending to a small extent oh the 
strengthwith which the ball was struck, but mostly on whether the ball was 

. FIG. 3, 
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G. Fraser A ruierson 277 

diverted, to right or left by each successive pin that impeded its prpgress, the 
ball eventually came to rest in a particular part of the board marked 5, ID, 
20, or 50, and so on. (We will discount for the moment the skill with ~hich 
the niore experienced player could influence the ball's d~stinyby a judicious 
nudge of the table when his opponent wasn't looklng.) Galton's Quincunx 
is an apparatus of a similar nature, devised, however, to eliminate the influence 
of the player's skill, and in ~hich the pins are symmetrically placed, each' 
making equilateral triangles with its nearest neighbo~rs(fig. 3). 

It will be seen that-

" The ball no question makes b£ ayes or hoes. 
But right or left. . " . : ..•. . . goes" 

depending entirely upon how it is diverted by the successive pins which it. 
strikes. In other'words, there is .no influence here other than chance. 

If a sufficient number of balls were used the final result would represent a· 
histogram of a normal distribution. If. the number of balls were infinitely 
large and their size and the size of the bays infinitely small the final result would, 
be a representation of the normal or Gaussian curve .. 

The conception of statistical significance is based on the foregoing. As has . 
already been pointed out the term significance is used to indicate that the odds 
are heavy against a certain estimate, difference, or coefficient deviating so 
much from its expected value by chance; In most cases the odds of 19tol 
against are usually accepted as the lower limit of signiciance, i.e. a probability 
of Ij20;This corresponds, as was seen above-, to the chance of getting a devia~ 
tion from the mean of a normal distribution greater than plus or minus twice 
the standard'deviation. . 

(To be concluded) 
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