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Introduction
ROADLY spoaking, we are often concerned
with exammmg the propertios of sumlar
things, ad with formime an den of what
vomthld e clissstad s a A e al l']l]! . \ 1\']']1 al
-Il’]"f votthld b denned as uite which s hke the
ngority of obyect< an a furly Lirge sample. No
boas amportant s sote tdea of the wav mdivedinals
ditter from the v preal one, and what proportion
of the total hove reasonabiyv elose properties to
the teprcal o
Geonterally these adeas are formead antuitnaly,
and comprise the “oxperence * of the observer,
amd guate oftens <uch wleas are dithenle o detinge
and comnmimcate to anyone olse
Statisties s o subpect which s promarily
coneornod with clissity g, gronpng amd examim
i dta, and otfers a limgatie by which the abovs
wleas can be conveved For oxample, the most
probable valiue of an observed quantity (1o, the
tvpreal value) s cadled the © Modes, " and acconstant
which s descniptive of the wav i which mndi-
stilads gluster round the typreal vadue s called
the " Standand Deviavion,”  Lakewise therne are
recognized graphicad methods of presenting and
analvsing dara, such as the Histograan and Ogive,
which have been designed to convey particnlar
s amd adlow cortaim conchisions to e drawn
with o nunnmum ot Libour
'dl'.l.'s have v I'i i |laln ||. nl -’ Inlplll.ﬂlnn-\ - ol
by adwds and of the distedbution of mdividuals
i the popubidion | of sianpldes of imdividuals from
a pogmbation and of the distr.bution of mdi s

m the sonple. It oas not sarprsmg o hid,
therefore, thit  an wded  parent populaion
his  been wconceived | wleal, that ss, in the
amount of information which can be inferred

the way mdividuals are distributed
the  population, and i the simphaty  with
which 1t can be described and dofined. This
wleal  dstribution is known as the " Normal
Distribution * or the  Ganssian Distribution,”
and s found to approximate closely to many
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The nuun pomt of testig data to see whethor
mehviduads follow o Normal Dostribntion, s (o
know whether the extensive proedetims, prope
to the wleal population, can e applicd with any
contidence to the problemoan hand.  This simply
means that of the dati 5 normally distobuteal
nitich Libour 1s saved becanse the vanons pretly
nons have  been swabulated amd published by
theorctical workers i the held I the data s
not normd, one has too make one’s owe cadenha
tions and predictions.

Fhe corriet attitude s to decude what mforna-
uon s required from the data, amd whether o
praphical solution is adeqguate - f not, whether
one has sufficient data to qustity wonormality test
of aocurve tittie amadvsis Often one tnuds thot
there are sofew mdivadiids o the saphe ot one's
disposal, that & carve ntomg analvsis wonhd b
rither absund, and obviousiv, o this 15 .so, any
labonr-saving  system of  curve nthine (hke
probability paper) s equally unrehable For
this reason probabihioy paper s a siare for the
unwary |, s the temptation to nse it for yery
sl sicmples from unknown popubiations is vaory
groat. OF course, ptas teie that, af the ll,l[.l follivws
w normal distoibution, the graph one the proba
by paper will be a straght line, bt it may not
be penerally realized how httde s the deviatom
from hncarity which can be tolerated macpracti ol
for an assumption of normabity to e
justitied, as wall be shown later.

The povelty and fasemation of  probaduhty
paper temds o echpse the usetuliess of the
comnmon Ogive (frome which it s derevedd), ol
an amperfect understanding of the evolution ot
probability paper can lead o errors due to
meorrect plotting, or to a4 Wrong interpretationg
of the curve, Some attempt as made, therefory,
i the followimg notes, to provide a background
of simple, graplical, statistical methods, and o
demonstrate some herent himitatiwons of proba
bty paper
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The Histogram

In surveving a mass of numerical results one
would mtuitively group identical resales together,
amd perhaps arrange the resalting groups in
ascending order of magnitude. A logical exten-
ston of this idea would be to group resalts which
fell between definite boundaries, and to arrangye
these cgroups i ascending order of magnitude,
In this way the vast amount of detail wonld be
made more comprehensible, and any significant
ditference hetween one group and another wonld
become apparent.  For example, suppose that a
Covernment Department was required to regquisi-
tion suits for demobthzed armed forces, amd it
was essentiad 1o conserve raw maderals  aned
Lihour. The problem o wonld be to diseover how
iy sizes of suits would be rogquired, and how
vy of cach should be manufactured

Phe first step might be to take a sample of
aenat o random, and measure therr amdividuald
Berehts to the nearest ineh, as shown in eolumns
Coandd (2)an Table T INGte, therefore, that the
horeht of o oman recordid a8 5810 may actually
be anvwhore between 578 m and 584 in)

TABLE 1
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Suppreess that the ditaois gronped anto broader
Lisses bor example, into men with  heights
betwean 574 m and bogin and between bod in and
fopd e, ond sooon, as shown in column (3). This
catt b plotted as shown in Fig, 1 (a), where cach
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pular represents a group of data by ats heghe,
being proportional to the number of men within
the group, and the ediwes of the pullar detine the
group bounduaries.  Such a figure s known 4s
Histogram, and s valuable for showinge  the
“Mode " or most frequent value, which e this
case 1s about 68, and the disprersion, or seattoer,
vither side of the Mode,  In a word, it shows thee
distribution of idividuals i the sample. [In
sotie problems it may by more convegent to
plot the heght of Histogram pallars profortional
to the percentage of total uhservations, as given
m Table 1, column (4 wnd shown i Fiz 3.
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of hesgchts of O1g men, and the wiethod of deter mnRing
the propovtim of mien weith heghts bettoeen. say
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The Ogive : :

In practice, the group boundaries of the Histo-
gram are chosen arbitrandy so as to ke o
presentable figure, and whervas it s prasible o
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see what proportion of men have heights between,
say, HOfin and 6gfin, it is not easy to see what
proportion woull have hewghts between 6%in
and 67min (say), or what proportion exceed
701n in height.

or b
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Fig 2 Dot Diagramy, Histogram. and Ogwe of the
medsured resistance of a heavy-current sutkch under
Jull load conditions, showing extrapolabion of the

eatremes

To solve this kind of prob]em it i1s better to
compute the cumulative percentage of men, as
shown i Table 1, column (5). For example,
nd¢ of the men had heights between 574 in
and 6bofin and 9.2% between 574in and 634 1n,
and so on. Notice that no man 1s recorded with
height less than 5741n, and that 0.8% of the men
were encountered over the range 574 1n to 6o in,
therefore the cumulative percentages must be
plotted at the edges of the class intervals, as
shown in Fig. 1 (b). This curve is an ** Ogive,"”’
and provides different information from the

I~

4= =

Histogram. For example, the proportion of
men having heights less than 67in 1s 52°, and
that less than b5in is 267, therefore the propor
tion of men between heights 651in and 67 n s
the difference :
52 — 30= 20%.

This means that if one standard design of suit
1s intended to it men between 6510 and 67
in height, the number to be requisitioned should
be 26% of the total, and so on. Likewise it
seems hardly worth while making swits 1 bulk
for statures less than about boin or over 73
and these men could be htted individually

One valuable property of the Ogive is that n
1s faurly insensitive to the choice of class intervals,
(histogram groups) and thercfore smooths out
the data which was coarsened by grouping for
the histogram,

This example has shown what valuable informa
tion can be obtained from the application o
very elementary statistical tools and a hittle
common sense, and there has been no need 1o
test the data for normahlity, or confuse oneselt
with predictions based on the Normal Distni-
bution

The Ogive s particularly useful for analvsing
data whose typical value (Mode) tends to be closs
to an extreme vidue,  For example, m mspecting
electrical switches, the switch resistance can
never be less than the resistance of the condudctors
formang the switch parts, but alwayvs muore,
depending upon the condition of the contact

surfaces. In such "a case the Histogram s
unsymmetrical or ' skew " [Fig. 2 (a) * and the
Ogive shows the mimmum  res stance it

clearly, which is of course, a uscful parameter
for judging the quality of the desgn

If a technique 18 employed so that the extren
points of zero and 100°, are not plotted, the
Ogive gives an extrapolated value for the mm
mum resistance which is insensitive to the chones
of histogram class antervals, (pillar wadths)

This 18 a reasonable techmgue to adopt,
because otherwise the arbitrary choice of class
interval would arbitraridy fix the point of zero
cumulative observations at the edge of the first
pillar | whereas it is much better to let the entin
data weight the choice of this point by extra
polation. Similar remarks apply to the 1007,
point. It s wvery instructive to  experiment
with grouping data differently, and observe
how shghtly the Ogive 1s affected
Graphical Grouping of Data

It saves a great deal of time and labour to
record cach observation directly on the graph

paper to be used for the Histogram, by making
a bold dot upposite the appropriate pomnt on the

Winkrzes EwGiNzen, [JECEMBER 10+



biseissa, thus formung rudimentary columns of
ots as observations are repeated.  This method
as the great advantage that one can see when
ufhicient data has been collected, as the dis-
ribution of dots begins to suggest a definite
orm. It 15 then casy to mark the dots off
nto sumitable groups and construct a Histogram
iased un the number of dots falling into each
rroup, as shown m Fig. 2. (Where a dot falls
n 4 group boundary, one half of an observation
hould count in each group.) This 1s called
« Dot Diagram, and the intermediate step of
Irawing the Histogram is not necessary for
onstructing an Ogive, as the total number of
lots encountered up to a given boundary can
woseen direetly.  Likewase, by observing quan-
ities to the nearest convenient unit, the dots
orm ¢lean columns and have the appearance
f histogram pillars, which therefore, necd not
W drawn.

Another advantage of collecting experimental
fata by dot diagrams, 15 that 1t shows up any
Ir4t i performance due to warming up of
«quipment, etc. This becomes apparent when
e tmds the columns of dots not being flled
m a random manner, but that ones hand 1s
gradually moving across the page, as time goes
m. This 15 most noticeable 1in the resistance
measurciients mentioned carlier, and the solu-
nen 1s to make several mdependent  experi-
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ments, noung the tune from the nstant of
switching on at which the observation 1s made.
(Obviously the switch must be given time to
cool down between experiments and strctly
spraking, the observations should be made at
about the same rate) The data s recorded
as bold dots, or other marks, located at the
appropriate time, as shown in Fig. 3, and con-
stitutes a Scatter Diagram whoeh s intended
to show whether one variable seems to depend
on another. Clearlv, i Fig. 3, the value of
switch resistance  observed,  depended, to a
great extent on the relasdec time at which the
observation was made.

The method of treating the data is to divid
the diagram into switable vertical strips so that

the dots enclosed can be constdercd o haw
occurred at roughly the same relative tinn
IFhen each strip of data can be treated s o

normal dot diagram to form  Histograms or
Ogives as required. Figo 3 thus givis o very
clear picture of the performance of the switch
For example, about five mimutes afrer switching
on, the odds would be even that the switch
resistance would not be greater than o g2 mil
because the Ogive shows that out of a large

number of observations, one can oexpect 500,

to lus below this value and sov, above  Like

wise, the chance that the resistance  would

exceed 0.47 mil s about one in twenty, because
Pk 1 Peiil the Ogive shows that
| | f S about 5%, of a large
| | 2 number of observations
(14 I b could be expected to I
L It below this value

|
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Before leaving the subject of Dot and Scatter
Iiagrams, there 1s one disadvantage that should
be mentioned, namely that because one can see
the diagram taking shape, one is inclined to
cheat, or shall we say, be biased in one's judg-
ment, and cast the dots into where one thinks
they should go. A great deal of_self-discipline
has to be excrcised.
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Sh 80 &2 o4 o6 48 10 77 14 T8
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Fig. 4. Histogram unth aliermative scales and the

Provabiity  r’aper Ogive of the distribution of

hesghts of G1g men (as for Fig 1), showing the

correct method of plotting poimis al the edges of
the class imdevvals.

Arithmetical Probability Paper

Probability Paper 1s simply a special graph
paper for constructing Ogives, in which the
vertical scale for “Percentage of Total Obscrva-
tions * 1s stretched, at the extremities in a
particular way. This scale 1s called the Prob-
ability Scale because the Ogive represents a

AR |

population of a large number of individuals from
which one can deduce the odds of an observation
falling above or below a particular value. Let
it be emphasized at once that it 1s not essential
to use special probability paper to do this
indeed we have seen in the previous section that
the common Ogive can by used,

The prefix, " Anthmetical © means that the
scale for the variable is linear, while with Logar
ithmic Probability Paper, the scale for the vanable
is logarithmic ; the probability scale being the
same as for the arithmetical paper. Obwviously,
one could use a loganthmic scale for the
variable, in the construction of the commun
Ogive, if such a scale offered a clearer picture of
the data.

Most Ogives are S-shaped curves, and become
difficult to read at the extremes. If the scale is
expanded over these sections, the readability of
the graph is increased, but this does not mean
that the reliability of the data is increased. In
exactly the same way, inspecting the position
of an ammeter pointer with a powerful magnifying
lens does not increase the precision of a current
measurement, because the cahibration may not
be rebable.  This means that when Ogives an
plotted on probability paper, one must b
extremely cautious about makmg use of extra
polated information at the extremes of prob
ability scales, say, outside the range of 5% to
qso'n-

At this stage 1t is convenient to emphasiz
the correet method of plotting data on probability
paper.  Sance the curve is really an Ogive, the
pomnts corresponding  to  cumulative  groupaed
data must be plotted at the boundares of th
Histogram groups, as shown in Fig. 4. and not at
the central values of the groups which, by th
way, 1s a common error.  Since there 1s no zero
or 100%, on the probability scale, data for these
points must necessarily be omitted,

If the plotted points fall exactly on a straight
line, the data 1s normally distributed, because
the probability scale has been specially stretched
to make this so. Naturally one does not expect
experimental points to fit a straight hine perfectly
but the hmited extent of dewiation allowabl
may not be appreciated, and one should have
at least twenty points to plot before drawing
any serious conclusions about normality.

This is clearly demonstrated in Fig. 5, which
shows data plotted on probabdity paper, from
rectangular and triangular populations.  Most
people would feel justified in drawing a straight
line through the points given by either of the
8 cell Histograms and might, therefore, be led
erroneously to believe that both populations
were normally distributed.

Wirgiiss Encineen, DECRMBER 1040
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Fig. s Ogves, plotted o Probabadity Paper, for 8 - and y2oocdl Histograms of data aresing foom rectang il
and triangrdar parent popalations, showing the somall departurve from lLinearsty when few points are avadahle
W The data for 16 Cells begins to show the | ngruuped Dala
carving of the extremitios, which s clearly The populanty of probability paper » due,

confirmed with 32 Cells, so that in practice it is
advisable to have at least twenty pomnts when
tosting for normahty. Even then, the recommen
ded attitude to be adopted, when an approximat
v stranght hine s obtaned, 18 that such data
ould arse from a normal population, and not
thaet at does

The examples shown may be considered rather
wide deviations from o normal popualation, and
miicate the himited sensitivity of probabihty

paper  to differentiate  between  distributions
when relatively few ponts are available.  One
feature worth noting 1s the relatively  hagh

probability of the first point for the rectangular
iistribution compared with the more normal
triangular one . for example, 12.5% for the
rectangular, anunst 4.1, for the triangular.
Fhis reveals that the former points are comng
from a rectangular type of distribution becaus:
quite a hgh proportion of the results are en-
countered for quite a4 small invasion into the
vidge of the diata.

Wikrinss EnGiNeer, DECEMBER 104G

i no small measure, to the case with which
random individual observations can be handled,
although the common Ogive can be used
exactly the same wav. (This knowledge man
save i lot of time and labour when supplies of
the special graph paper are not availlable)

Let us consuder the case of our first example,
the heights of men to be fAitted with suits. The
Histogram of Fig 1 has analysed the results of
610 dividual observations, and the qguestion
15 whether a sample of say ten individuals conld
provide the same information.  Obviously not
but a farr idea of the distribution can be obtamed
if certan assumptions are justified.

The first assumption to be made 1s that cach
observittion has the same weight.  In other
words that cach of the ten obscrvations repre-
sents about the same number of men in the parent
population of 619. This means that cach in
dividual observation in the sample 15 assumed to
represent 61,9 men or 10% of the total men
in the parent population.
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The second assumption s that each sample
individual 1s typieal of the 109 of the parent
population it 1s assumed to represent , that is,
that the majority of the br.g heights of men
can be considered to be clustered round the
sample value

A third assumption (that, from previous
cxperience or other considerations, the data can
Iw  expected to be normally distributed) s
valuabhle, but not essential, as it means that
using probabihty paper, the hest straght hine
van be drawn through the pomts, and so allows
farrly small samples to be used.

lhe second assumption is the key to the
method of plotting, because 1t means that if the
sample mdividuals are arranged 1n ascending
order of magnitude, each in turn corresponds
to the mean value of successive groups of popula-
tion.  In other wonds, cach sample individual
15 assumed to fall near the centre of the group
and therdfore i the example chosen, has 5%,
of the population below 1t to one boundary of
its group, and 5% of the population above it
to the other boundary of the group. In ap
proaching the first sample individual then, 59,
of the total parent population would be en-
countercd, and n oreaching the second, 15,
would have been passed, made up of the first
gronp (10%) plus half of the next group (5%).
and so on, Thus for ten idividunals in the sample,
they should be plotted on the Ogive, or on
prubability paper, at the following percentages
of total observations

5. 15, 25. 35, 45. 55. 05. 75. 85, 95 %.
In general of there are s observations in a sample,
they should be spaced at 100 #°, and the hrst
observation should occur at 100 2n v, Example
Suppose the heights of ten men, taken at random,
were as shown in Table I, and that it was known
that a'normal distribution could be expected.
I'he proportion of men with heights between
tb5in and b7 in s required.

TABLE 11

im hrw

Hewghts of ten men taken
at random and placed in
R l'l'llllﬂl! oridler

0 r.,'lm,[m. u. fir|o8

1
]
|

b
Mot on Probability Scale '
at the following per- | § t5 45

entages I E

A5 «H 53165 5 8515

| |

I'he results are shown plotted on probablity
paper it Fig 6o and from the best straight line,
we have :

pie

Proportion of men having  heights less

than 67 1n = SN
Proportion of men having heights less
than 6s1n = 25%
Proportion of men haviog heights between
67 in and 651n 27%
"
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Fig. & (give, plutied on vobaladity Paper, o) a

small sample of tem imdividual observations lakem
at random from the popuiatiom of tiy Aeghty of
mien shown an Fes 1 and 4

The Normal Distribution

So much has been said about testing for
normality, and whether or not individaals can
be expected to follow a normal distribution,
that a short discussion of ts properties s
appropriate at this stage.

As mentioned * previously, the Normal Ihs
tribution 1s a conception of an deal population
of individuals, from the pont of view of mathe-
matical analysis. It is based on the assumption
that deviations of individuals, from the mean
value, obey three laws

(r) The probability of small deviations froni

the mean value 1s greater  than  the
probability of large deviations

(z2) The probability of a certam  deviation

above the mean vilue 1s cqual to the
probabibty of an equal deviation below
the mean value.

(3) The probabiity of a

is very small indeed.
If we imagine a * Normal © Histogram, the hrst
law means that the central pillars tend to peik
near the mean ; the sccond law means that the
histogram 18 symmetrical about the mean | and
the third, that the columns vanish fairly quickly
as the distance from the mean increases | we

“huge " deviation
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now imagme the width of the histogram pillars
to be made extremely small, and consequently
the number of pillars extremely large, the tops
of the pillars would follow a bell-shaped curve,
as shown in Fig. 7. The mathematical law of this
curve has been deduced from the postulations
above, and a knowledge of this allows a great
deal to be predicted about the probability of an
mdividual falling between specified boundaries |
1o, nto any specified Histogram group.

One of the most important deductions 1s that
two paramcters are sufficient to define and
deseribe the distnibution | and both parameters
can be calculated without drawing the dis-
tnbution, or conversely, obtamned directly from
the Histogram or Ogive, without calculation
Fhese parameters are the " Mean ' and  the

Standard Devianon

Because the distnbution s symmetrical, the
Mean corresponds to the peak of the bell-shaped
curve The Standard Deviation 1s raken to be
the distance from the Mean to the point of
mflection of the curve, shown us sigma in Fig. 7,
and both these points are easy to see on the
Histogram.

As far as the Ogive 1s concerned, 1t has been
calculated that, for a Normal Distribution, 34.2%,
of the total population can be expected between
the mean and the standard deviation and, by
symmetry, 50% of the population exists each
side of the mean.  This means that the standard
deviation can be found by tuking the dafference
m abscissa corresponding to ondmates of 50°%,
and 1587, (34.2% from the mean), or ordinates
50", and 84.2% as shown in Fig. 7

The Standard Deviation is used as a vardstick
tur specifying the distribution of individuals in &
normal population, and tables are published
Kiving the proportions of population encountered
b tween the mean and various deviations ex
pressed as fractions or multiples of a standard
diviation Table 111 1s a simplificd version of one

TABLE "1
¢ Perventage n! Total Population
ewviation Hrl\u-vn i Hetwern | Outside
from Mean Mean and [evia I range of
Ideviation tion « Devia
%l %) twon (Y,
- |
fe lapprox i i | 50 | 50
| 1 |
o 5402 ! b8 3 (T
in 'y 47:7 | ys. 4 { 40
i 44 Hs w7 | o3
| | |

For example, one can see that the chance of an
mdividual observation falling outside the range
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t 2o, 15 approximately one in twenty (407,
Likewise, the odds are about even that an
observation would be within the range 1+ fo
(One should be verv conhdent that the data is
normally distributed, before venturing to predict
for deviations greater than 3 o))

Perhaps the most important of all deductions
made by theoretical workers, concernimg Normal
Distributions, is that whatever the distribution
of individuals in a parent population (rectangular,
triangular, double humped, or any other shape),
the distribution of the means of random samples
drawn from that population, tends to be Normal,
provided, of course, the parsitt population remains
stable
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Fig. 7. Histogram, and Prab-bll'u‘y Pop" Ogin
of a * Normal [isimbubon.' sk

q{ recogmanmg  the  parameiers Mu- and

Stawdard Deviation ',

This List commient 1s the kev to one important
apphcation of  Probabihty  Paper, namely to
test the stability of populations.  Successive
batches of twenty or more means of samph s
should show roughly the same mean and standard
deviation if the population is stable. This is
the basis of Quality Control, where instability
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in the parent population of objects means that
rejects will occur unless the drift is arrested.
When a sample 1s obtained with a mean value
deviating from the grand mean by a certain
amount, one is justified in using Normal Dis-
tribution Tables to compute the probability
that such a deviation could be expected by pure
chance, and act accordingly. Notice, however,
that it is not absolutely essential to understand
Normal Distributions to operate a  Quality
Control system ; one could conduct a 100%,
inspection at the beginning of production, when
the process was operating satisfactonly, and
construct an Ogive from the results. This could
then be used to define the limits within which
subscquent sample individuals should fall.

Remember that if one intends to use the
means of samples of five individuals, the Ogive
must be constructed from the means of groups
of five individuals, In short, decide on the size
of sample, and commence with 100% inspection.
This simply means that the samples are successive
groups of individuals, Calculate the mean of
vach sample and plot as a dot diagram. When
the dot diagram takes on a definite shape, plot
the Ogive. Decide now how many false alarms
can be tolerated, say one in ten, and select
hmit values from the Ogive accordingly. In
the example chosen, one is prepared to be given
a false alarm once in ten times, in other words
10% of the total population will be allowed to
fall outside the Ogive limit lines so that about
once in ten times an observed mean will exceed
the limits by pure chance. This means that the
limits must be chosen to allow 5%, of the popula-
tion to occur below the lower limit, and 5°,
above the upper limit. Thus draw lines on the
Ogive at s5°, and ¢5% and rcad off the corres-
ponding limits of the vanable

Take samples at reasonable intervals, and
investigate as soon as any sample mean exceeds
cither of the himts.  (If the sample means are
plotted as a scatter diagram in time, and the
limit lines are marked on the scatter diagram,
1t 1s easy to see when there is a drift in the pro-
cess which wall eventually canse rejects.)

This clementary system of Quality Control
15 the basis of the more refined methods, which
are designed to economize in labour by taking
advantage of other theoretical deductions and
properties associated with Normal Distnibutions,

Conclusions

The author hopes that the reader will agree
that the first conclusion s that a great deal of
uscful work can b done graphically, with
Histograms, Ogives and  Scatter Diagrams,

quN

without any theoretical knowledge of Normal
Distnibutions, and the like. This is important
because 1t encourages the use of efiicient statistical
methods among those who might be put off by
a more theoretical approach, and provides a
gocd background for the appreciation of the
more advanced ideas, later on. The danger of
a limited theoretical knowledge lies in the temp-
tation to use apparently simple tools, which have
been developed from very advanced theory,
because then they are imperfectly understood,
and erroneous conclusions may be drawn from
the results.

Probability Paper is directly concerned with
Normal Distributions and this imphes that some
knowledge of the theory of these distributions
is desirable for its correct use. Generally the
use of 1t will be justified only when some apphea-
tion of the properties of normal distnbutions is
sought, for example, when used as a labour-
saving device to avoid calculations, and econo-
mize in size of sample, when the data 1s known
to be normally distributed. Or again, when
testing the stability of populations, making use
of the expected normal distnbution of samph
means.

The actual testing of data for normality
should be regarded cautiously, and not scriously
attempted with less than twenty points, prefer
ably more. One should also have a clear idea
whether a test for normality 1s justified.  For
example, in the problem of providing suits
for men of various heights, 1t i1s absolute non-
sense to make claborate tests and cxtensive
predictions  concerning the normality of the
heights, in order to avoid waste of matenals,
when the selection 1s ultimately influenced by
personal preferences in colours, designs and
cuts. An Ogive analysis would be adequat
to get the proportions approximately nght.

Likewise, as the author knows to his cost,
it 1s advisable to check the data for stabibity
of parent population before attempting  any
serious curve fitting,

The final conclusion drawn, 1s that Probability
Paper is rather an insensitive tool for discriminat
ing between distributions, and a large number of
points are required before pronouncing  judg
ment on the probable Parent population.
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