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FOREWORD

THE publication of this book reflects a belief, which I share
with Dr Mclntosh, that the scaling of teachers’ marks will
have an established and permanent place not merely in
educational research but in many departments of everyday
educational practice. We used the technique on a large scale
in our Dundee investigation on Selection for Secondary
Education, and our experience left us both with a conviction
of its practical possibilities—a conviction that has been
greatly strengthened by the results of later researches by Dr
MclIntosh, Dr Walker and Mr Mackay.

Estimates of pupils’ attainments in school subjects are
needed for a multitude of practical educational purposes; and
it is part of my educational faith that the assessments of the
teachers provide the best guide that is, or ever will be, avail-
able as to the order of merit of their pupils in these attain-
ments. But, unfortunately, the standard and scatter of marks
vary from teacher to teacher and from school to school; and
while teachers’ assessments may be improved in this respect,
it is extremely doubtful whether they could ever be steadied to
such an extent that they could be used with assurance as a
basis for the serious decisions involved in selection for
secondary education or the award of Leaving Certificates. If
these premises are sound, there is no escape {rom the con-
clusion that teachers’ marks should be used for such purposes,
but only if they have been scaled in such a way that the
estimates of different teachers are comparable.

Scaling has already been employed in practice to a consider-
able extent, particularly in selection for secondary education,
but one suspects that it would have been more widely used but
for two relatively groundless fears. The first is that this is a
tool that can be handled only by the expert mathematical
statistician: the second is that a prohibitive amount of
laborious calculation is involved. The present volume should
do much to dispel these fears. It gives a simple explanation
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vi FOREWORD

of the basis of scaling, and clear and definite instructions as to
the best ways of making the calculations. Now that such a
work is availabie there should be little difficulty in the use of
the technique by the staff of an Education Office, the head-
master or the class teacher.

The book is, however, much more than a statistical primer
giving instructions for the use of methods that are already well
known: it is an important contribution to educational re-
search. In the hands of Dr McIntosh and his colleagues, new
and improved scaling procedures have been evolved—pro-
cedures that have passed the acid test of extensive use in
actual practice. New fields for the application of scaling
methods are opened up; and headmasters and class teachers
who study the authors’ suggestions will find their reward in
increased interest in their work and fuller satisfaction that
they are carrying out their important task of adjusting the
education they provide to the varying talents and needs of
their pupils.

WILLIAM MCCLELLAND



PREFACE

THE ideas developed in this book have their origin in
McClelland’s ““ Selection for Secondary Education.” 1In that
book a clear case was presented against the use of teachers’
estimates for the purpose of selection unless they were made
comparable from school to school.

These ideas were further developed in the Report of the
Scottish Advisory Council on Secondary Education. Here
the scaling procedure was suggested for use in an examination
scheme for the award of the Leaving Certificate and, again, on
the discussion of marks and terminal reports, 1t was suggested
that school examination marks should be made comparable
by some method not aiming at “ statistical impeccability, but
rather something reasonably valid yet easily workable by the
busy teacher in the school.”

We have attempted to attain the Advisory Council’s
objective. No deep knowledge of statistics is required for
the understanding of our methods. Chapter III on “A
Little Statistics ” will, we hope, give all that is necessary for
the understanding of the techniques we have devised: it is an
attempt at statistics without tears.

We should like to emphasise also that our methods are not
merely theoretical but have been adopted in practice both in
education offices and in a large junior secondary school. The
needs of the administrator and * the busy teacher in school
have been in the forefront of our minds all the time.

We wish to acknowledge our indebtedness to Mr
McClelland for writing the foreword, for the keen interest he
showed in our work and for the many helpful suggestions
which he made. Mr W. F. Lindsay, Assistant Director of
Education for Fife, read the manuscript in its various stages
and offered many constructive criticisms. We also received
much help regarding the layout of the book from Mr S.
Stewart, Educational Editor of Messrs Oliver & Boyd. For
illustrative materials in Chapters VII and VIII we are
indebted to Midlothian Education Committee.
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CHAPTER 1
EXAMINATIONS

ExamMiNaTIONS have been for long one of the most con-
troversial topics in education. There are those who hold
strongly that examination results are the only true
measure of the success or failure of education and they do not
hesitate to cut out * frills  such as physical training and
music as soon as examination day is in sight. On the other
hand there are those who claim that most of the faults of
present day education can be traced to the examination
system; education is a thing of the spirit and to examine
subjects such as literature is ‘‘ as impossible as to imprison
sunbeams.” No doubt the truth lies somewhere between
these two extreme points of view; examinations are certainly
not the “ Alpha and Omega of education,” yet on the other
hand “ the life without examination is a life that can hardly
be lived.”

There are few who would argue that class tests or examina-
tion are harmful if they are not too frequent. A teacher
must have some check whether a pupil has been profiting by
instruction; for example, if a teacher wishes to know whether
his pupils can add or subtract, he must give them several
addition and subtraction sums to work, and from the results
he can tell which pupils have a thorough grasp of these
two operations. [Each examination or test should be set with
a definite aim in view and should be constructed to achieve
this aim. For example, a test may be designed to measure a
child’s level of attainment or may be set with the intention of
finding out where his weakness in a particular subject lies.
Again, an examination to select a few clever pupils will be
quite different from an examination, the aim of which is to
pick out a few less able pupils.

Most of the criticism against examinations refers to the
external examination. Not only has it * cabin’d, cribb’d,
confined ” the teacher but its results have often been beyond
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2 THE SCALING OF TEACHERS® MARKS

the teacher’s comprehension: pupils who should have passed
with ease fail and some who should have failed pass.

A great volume of research has been carried out on
examinations. It has been shown that two examiners will
give widely different marks to the same paper and that the
same examiner will give quite a surprising variation of marks
when he assesses the same pupils at different intervals.

The following quotations illustrate the type of result
obtained in these researches:—

“ The facts of a subjective scale are well illustrated in the
following anecdote concerning the grading of history papers
by a group of college professors of history in the summer of
1920. One of the five or six expert readers assigned to a
certain group of history papers, after scoring a few, wrote out
for his own convenience what he considered a model paper for
the given set of questions. By some mischance this model
fell into the hands of another reader who graded it in a per-
fectly bona fide fashion. The mark he assigned to it was
below passing, and, in accordance with the custom, this
model was read by a number of other expert readers in order
to ensure that it was properly marked. The marks assigned
to it by these readers varied from 40 to 90.” *

French investigators dealing with essays selected three
scripts, Nos. 23, 25 and 34, * each of which at the original
‘ baccalaureat * examination had been awarded 36 marks out
of 80 (or 45 per cent.) and had been ranked as 24th out of a
batch of 50. These three scripts were marked independently
by 76 examiners. The marks for script No. 23 varied from
4 to 52, for script No. 25 from 12 to 64, and for script No. 34
from 16 to 65 out of a maximum of 80. The mean marks for
the three scripts were as follows:—

Script No. 23--25-9; Script No. 25—40-0; Script No-
34—34-4.”

In an English experiment 14 examiners were asked to
re-mark 15 history scripts some 12 to 19 months later, having
kept no record of their previous marks. The examiners

* Examinations and their Substitutes in the United States: The Carnegie
Foundation for the Advancement of Teaching, Bulletin No. 28, 1936, page 64,
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awarded not only numerical marks but the verdict of Failure,
Pass or Credit. *“ It was found that in 92 cases out of the
210 the individual examiners gave a different verdict on the
second occasion from the verdict awarded on the first.” *

These results refer, of course, to the essay type of examina-
tion. To avoid such variations the objective type of question
was devised where there is only one correct answer and this
receives a definite mark. Examples of this type of question
are:—

1. Underline the word that means the opposite of the
first word. ‘

Cautious—guarded, adverse, harsh, rash
Sympathy—antipathy, passion, disrespect, courtesy

2. Change the following sentence to the past tense:—
The tree bears much fruit (Present)

Thetree................ much fruit (Past)
3. Complete the following:—
9
137117

Objective tests have been devised chiefly for primary school
subjects. There is a growing volume of experiment with
tests of this type for the secondary school curriculum. In
Appendix I we give sample questions from tests devised for
pupils at the Leaving Certificate stage.

The great advantage of tests devised in this way is that any
two teachers correcting them will be sure to award the same
mark to each script: there can be no variation in the standard
of marking. Considerable ingenuity has been shown in the
construction of such tests and they can be made to test not
only attainment but a child’s ability to reason.

The disadvantage of these tests is that they cannot easily be
made to measure a pupil’s ability to marshall ideas and
set them down in an orderly sequence. This ability may
be a very important part of the subject: in English, for
example, composition must always play an important part

* HArTOG & RHODES, An Examination of Examinations, International
institute Examinations Enquiry, page 81 and page 15. (Macmillan, 1935).
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4 THE SCALING OF TEACHERS' MARKS

even though its assessment does present considerable
difficulties.

The problems connected with setting and evaluating
examinations are not primarily our task. It is necessary,
however, to stress the desirability of improving examination
techniques for the very good reason that it is not worth while
to go through the scaling process with marks that are not
themselves good estimates of the pupils’ achievements.
Scaling does nothing to add to the reliability of marks; its
function 1s to give them meaning and to render them com-
parable.



CHAPTER 1I

THE NEED FOR SCALING

IN the Advisory Council’s Report on Secondary Education*
this challenging sentence occurs:—** It is important that
the records of any school should be in a form that means
something to another school or to an outside body
and that the report to the parent should enlighten and not
mislead.” The implication of this statement is that at present
marks of one school do not mean much to another school,
and that parents get their reports in a form which leaves them
very much ‘in the dark.” Coming nearer home it might be
asked whether, in a given school, class marks mean some-
thing to all members of the staff and whether that something
is the same thing.

An examination mark by itself has practically no meaning;
the traditional belief that it has an absolute value, so many per
cent. of a possible or “ perfect” performance, is without
foundation. All that a mark of 60 per cent. conveys is that
it is one of a set of marks which has a range within the limits
zero to one hundred. Whether the mark is to be reckoned as
“very good,” *“good” or “not so good” (*high”
“medium ” or * low **) depends on how 60 is related to the
other marks made by the class.

When the teacher has finished marking a set of examination
papers he has a clear idea of the value of the mark 60. If he
puts the papers in order of merit and counts down to find the
mark of the middle pupil he is only making explicit what was
implicit in his mind before. If he goes further and finds the
mark of the pupil who is one quarter of the way from the top
and bottom respectively, he will get a still clearer picture of the
value of 60. In the teacher’s marks book the marks retain,
at least for a time, their full meaning. Later on they may be
transferred to the class teacher’s marks register, to a head-

* Secondary Educarion. A Report of the Advisory Council on Education in
Scotland, Chap. X111, para. 700, page 147. (H.M. Stationery Office, 1947).

5



6 THE SCALING OF TEACHERS® MARKS

teacher’s record card and to a parent’s progress card. All
that is usually entered on the pupil’s permanent record is the
entry “ English 60.” The collateral information that gave
60 1ts meaning is thrown away and the headteacher is left to
wonder if a pupil who has scored 60 in English and 60 in
history has done equally well in the two subjects. He has to
go on the assumption that the two marks are equal, although
only by chance will this be true. It is a serious matter that
marks in the files of the headteacher, on which the final
assessment of the pupil for educational and vocational
guidance or other external purposes is based, should be so
lacking in exact specification.

In some secondary schools, in addition to the pupil’s mark,
the class average or the pupil’s place in the order of merit is
given against each subject in the report to parents. Even so,
it will not be an easy task for the parent to decide how much
better or worse 60 in English is than 60 in history. Hereisa
term report for a pupil from a secondary school :—

. Class
Subject Mark Average
Enghsh 61 58
History 70 52
Geography 70 52
Arithmetic 46 48
Algebra 35 56
Geometry 71 63
Science 62 63
French 50 40
Latin 72 68
Art 58 57

What is the parent to make of the fact that in this report
the class average mark in French is 40 and in Latin 68? The
teacher of Latin knows that he has set a comparatively easy
paper and the French teacher recognises that his paper has
been too stiff; the headteacher may come to the conclusion
(quite unwarrantedly) that the class is better at Latin than at
French or that it is a way these two teachers have of marking
which he must keep in mind when forming a judgment. The
parent, however, taking the figures at their face value, will
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come to the conclusion that the French teacher is a poor
teacher.

Furthermore, the parent would be misled if he came to the
conclusion that his boy was doing equally well in history and
geography because, the class average of the two subjects being
52, his boy has 70 marks in each. He would be right only in.
the odd case when the scatter of marks in the two sets was the
same. To add a further column showing that he was ninth in
history and fourth in geography, instead of conveying
further information, would probably puzzle him. Even the
best progress cards at present although they go some way to
eliminate the misleading qualities of raw marks, do not fully
enlighten,

Marks in the same subject in different terms do not have the
same meaning. For example, 60 in the first term may
indicate a poorer performance than 60 in the third term.
Here is an extract from a pupil’s record card :(—

1st year I 2nd year

Tem 1 o |m | L |
Mark 60 74 60 79 55
Class Average 59 56 40 65 55

It would appear that the third term 60 is a better per-
formance than the first term 60.

How does the second term 74 compare with the second
year first term 79?7 This question can only be answered if the
remainder of the class marks is known or at least if the scatter
or spread of the marks is known.

The same problems face the Director of Education who
wishes to use Teachers’ Estimates in a scheme of selection for
secondary courses of instruction: it will be a very lucky
chance if a mark of 70 in arithmetic from school X
means the same as 70 from school Y.

The points made in the preceding discussion may be
illustrated by the following examples. Suppose the English
papers of a class of 36 showed the following distributions in
their autumn term test (A), each X representing one pupil.
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FiG. 1
Distribution of Marks in Test A

X
X X X
X X X X X
X X X X X X X
X X X X X X X X X

X X X X X X X X X X X
25 30 35 40 45 30 55 60 65 70 75

MARKS

A pupil with 50 will be right in the middle of his class while a
pupil with 70 will have only one of his classmates scoring a
higher mark.

Suppose that the spring test (B), considerably easier or
marked with less severity, gives the following distribution of

marks:—
FiG. 11
Distribution of Marks in Test B

X
X x X
X X X X X
X X X X X X X
X X X X X X X X X
X X X X X X X X X X X
45 50 55 60 65 70 75 80 B85 90 95
MARKS

Here a pupil with a mark of 70 will be in the middle of his
class, The two 70s have entirely different meanings.

As the scatter of marks is the same in both tests the marks
in the spring test may be made directly comparable with those
in the autumn test by subtracting 20 from each spring test
mark. On the other hand, if we want to combine the marks

-we do not need to adjust them to the same average. Take an
extreme case: if the boy who scores 75 in the autumn (A)
test falls to the average in the spring (B) test he gets a total of
145; if the *“average” boy in the A test jumps into top
place in the B test he also gets 145. The higher average
gives no greater * weight ” to the spring test—a point that is
not generally understood. '

Suppose that in a third test (C) the marks are distributed
as follows:—
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Fig. II1
Distribution of Marks in Test C
X
X
X X X
X X X X X
X X X X X
X X X X X X X
X X X X X X X
X X X X X X X
35 40 45 50 55 60 65
MARKS

The average score of 50 in C is the same as in A, but the
scatter of marks i1s much less—the ratio is roughly 30:50.
When it comes to combining the three tests, one effect of this
shrinkage of scatter in the last term is to penalise the boy who
came out top in C by comparison with his classmates who
who were first in A or B. Being highly placed in the test
scored by the marker of restricted range pays a poor dividend
when the annual class list comes out. To illustrate this
effect let us suppose a boy was first in A and dropped to the
average place in C. Comparé him with his opposite
number who jumped, we shall suppose, from average place in
A to top in C. The former is credited with a total of 125
and the latter with 115. This is obviously unfair; to make
things fair the C marks should have been streiched out from
the centre both ways so as to increase the range of C to 50.

The general principle is that the greater the scatter of marks
the greater the weight of the mark. Differences of scatter,
generally overlooked, are just as important as differences of
average in interpreting marks. Discrepancies in both should
be ironed out if marks are to be compared or combined.
When the day comes that a headteacher or Director of
Education finds on his desk only marks that have been ironed
out or adjusted or scaled to have the same average and
scatter, he will then be able to make well-informed judgments
on the standing of the pupils.

The extract from a pupil’s record card on page 7 shows how
widely apart class averages may be in the ordinary run of
school marks. Would we find similar differences in scatter?
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The marks shown in diagrammatic form in Fig. IV came from
a Group B class in a secondary school. The class average
marks were controlled to some extent by exhortation; the
teachers were asked to aim at an average round about 56.
No attempt was made to adjust any realised discrepancies.

The broken lines show the vagaries of the class average.
It jumps up and down as we pass from subject to subject. A
measure of scatter may be taken as the difference between the
pupil a quarter of the way from the top of the class and the
pupil a quarter of the way from the bottom of the class, and
this is shown by the length of the vertical lines. This length
varies from subject to subject and shows how unequal the
scatter of marks has turned out. Clearly, it would pay a boy
with his eye on his yearly average mark to score well in
mathematics and arithmetic, while the best endeavours of the
practical boy depending on his benchwork mark would avail
him little.

It can be computed in this series of examinations that 70 in
English is really just as high as 83 in arithmetic or 75 in
science and no higher than 68 in history, 61 in geography and
62 in art,

Unquestionably, raw marks are in no fit state to be either
compared, compounded or interpreted. It is the business of
the scaling process to make the necessary transmutations.
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FiG. IV
Hlustration of Differences in Mean and Scatter of School Marks
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CHAPTER III
A LITTLE STATISTICS

AN apology—*‘ To those unfamiliar with the recent course
of educational psychology the intrusion of mathematical
refinements into problems of the classroom may seem
to be little short of perverse pedantry, more ridiculous and less
excusable than the crotchets of the trigonometrical tailor who
fitted Gulliver with a suit of clothes by means of a sextant and
a theodolite. Examining children, it may be urged, is among
the simplest of the teacher’s daily duties; and needs little else
but common sense and rule of thumb: by many words, still
more by many figures, counsel is darkened . . . .

“While Swift was gibing at the mathematicians of Laputa,
Newton was writing his Principia. The satirist may be read
the more widely: but the mathematician has more pro-
foundly changed and furthered the course of civilisation.” *

This chapter i1s introduced to give the non-mathematical
readers some idea of elementary statistical terms. Lest they
take fright we would remind them of Shepherd Dawson’s
claim that * the calculation of statistics is a matter of mere
arithmetic and the understanding of their general significance
requires little more than common sense.”

DISTRIBUTION OF MARKS

After he has marked a set of examination papers a teacher
generally arranges them in order, the highest mark on top and
the lowest at the bottom. With the papers thus arranged, he
can readily give each pupil an ¢ order of merit’ or a ‘ rank.’
Here are the marks in an English examination for a class of
20 pupils:—

84, 78, 74, 72, 66, 66, 65, 59, 56, 56, 54, 54, 49,
49, 47, 43, 41, 41, 40, 32.

* S;R Cyri. Burt, Mental and Scholastic Tests, page 142, (Staples Press

Ltd., 1947).

Iz



A LITTLE STATISTICS 13

The pupil who scores 72 is fourth in order of merit or has
the rank 4, the pupil with 59 is eighth or has the rank 8§, and so
on. Some difficulty is experienced with the mark 66. The
teacher generally states that the pupils with this score are
fifth equal; the statistician would give each the rank 5-5.
If the sixth, seventh and eighth pupils from the top have the
same mark, each pupil is given the rank 7.

The results of an external examination dealing with some
hundreds of pupils can hardly be treated in this way. In such
cases the marks are generally arranged in groups or “ class
intervals.” A simple case is that illustrated by Fig. I, page 8.
For ease, we illustrated the case where one pupil scored 25,
two pupils 30, three pupils 35, and so on. This is a most
unlikely result in any examination. If, however, the one
pupil had made a score between 21 and 25, two a score
between 26 and 30 and so on, we have a much more likely
result. The group of marks 21-25 is known as the class
interval. The number of cases in a class interval is known as
the frequency.

The frequency distributions for tests A, B and C are shown
below.

TABLE 1

Frequency Distribution of Marks for
Examinations A, B and C

Class Interval Frequency

91-95
86-90
81-85
76-80
71-75
66-70
61-65
56-60
51-55
46-50
41-45
36-40
31-35
26-30
21-25

Ll S AV UV R RV I S OV R

— D R R L R o —
W Ly O OO N A W

ta}
=23

Total 36 36
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14 THE SCALING OF TEACHERS® MARKS

One of the advantages of this method of recording marks is
that it is possible to obtain from the distribution a rough idea
of how the test has spaced out the candidates. For this
reason the distribution is frequently called the score scatter.

This may be further illustrated by the use of graphical
representations of score scatters. For example, the dis-
tribution of marks shown in column A in Table 1 is shown
as follows:—

Fic. VvV

Diagrammatic Representation of Frequency Distribution A

21-25 26-30 31-35 36-40 41-45 46-50 5i-55 56-60 6I-65 66-70 7|-75
MARKS

The above diagram is known as a histogram.

It is interesting to think out the types of distribution that
are most suitable for examinations of different types. For
example, an examination designed to select the most able
pupils should have a score scatter of the first type shown
opposite.

It is then much easier to decide which are the best candi-
dates; the bunching of the pupils at the foot of the scale does
not matter.
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Conversely an examination for a certificate to be awarded
to three-quarters of the candidates should have a score

scatter of this type:—

35T

307

5t

20T

Frequency

¢ I0 20 30 40 50 60 70 80 90 0D
MARKS



16 THE SCALING OF TEACHERS® MARKS

Here the important part of the mark scale 1s that dividing
the lower quarter of the candidates from the upper three
quarters.

The devising of examinations to produce these score
scatters is a separate subject, on which we shall not enter.
We strongly recommend that for each test or examination the
teacher sets he should find the distribution of marks.

MEASURE OF STANDARD—THE AVERAGE OR MEAN

The standard of marking is simply expressed by the mean or
average mark. For example, the standard of marking in
examinations A and C is the same because the mean or
average in each case was 50. Examination B was marked on
a much easier standard as the class average or mean mark
was 70.

Where the number of marks is small the mean or average is
easily calculated by adding them and dividing by the number
of marks. Where the number of marks is large it is usually
better to prepare a score scatter as shown in the previous
section and to employ the method of calculation shown in
Appendix IL.

MEASURES OF SCATTER OR SPREAD OF MARKS
(a) Range

One simple method of indicating the scatter of marks in a
test is to give the difference between the largest and smallest
marks. This is known as the range. In the three examples
above, the ranges are 50, 50 and 35 showing that examination
C gave the smallest spread of marks. The range as a measure
of scatter is of little use when the marks are not evenly dis-
tributed. For example, the range of 50 obtained in test A
would be drastically altered if the mark of a single pupil were
altered from 75 to 90,

(b) Interguartile Range

The upper quartile, generally denoted by Q,, is the mark
below which three quarters of the candidates fall and the lower
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quartile, denoted by Q. 1s the mark below which one quarter
of the candidates fall. The difference between these marks
is the interquartile range.

For example, in Table 1, the upper quartile for examination
A is the mark below which 27 of the candidates fall. This
mark must lie somewhere between 56 and 60 because 30
candidates have scores less than 61 and 26 candidates have
scores less than 56. It can be shown to be 57. Similarly the
lower quartile is in the range 36-40 and can be shown to be 39.
The interquartile range is therefore 57 — 39 = 8.

(¢) Interpercentile Ranges

The idea of the quartile may be extended to cover not only
quarters but also hundredths. The mark below which lies
80 per cent. of all the marks is known as the 80th percentile.
In general, a percentile is the mark below which lies a certain
percentage of all the marks.

It will be obvious that the 25th percentile is the lower
quartile, and the 75th percentile is the upper quartile, The
50th percentile, below which lies half of the candidates, is’
called the median. 1In this book we shall often use the inter-
percentile range from the 16th to the 84th percentile as a
suitable measure of spread.

We denote the xth percentile by P,; for example, the 80th
percentile is denoted by Pso.

We regard the percentile of such importance that we feel
justified in showing how it i1s calculated. We take the fre-
quency distribution A from Table 1.

We shall demonstrate each step by calculating Pso, the 80th
percentile, from Table 2.

The first step is to find the cumulative frequencies corres-
ponding to each class interval. These are shown in column
F, Table 2. The cumulative frequency (F) column is pre-
pared by adding the successive class frequencies from the
bottom to the top. The cumulative frequency corresponding
to the interval 36-40 is found by adding the frequencies
1+2+3+4=10 and gives the number of scores in the
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distribution lying below the score 40-5. (Note.—The class
interval 36-40 is regarded as extending from the lower limit
35-5 to the upper limit 40-5).

Similarly for class interval 41-45 the cumulative frequency is
1+2+3+4+5=15.

To Calculate a Given Percentile from Grouped Data

TaBLE 2
Caleulation of Percentiles in a Frequency Distribution

Class Cumulative Percentage

Interval Frequency Frequency Cum. Freq.

() (f) (F) (% F)
71-75 1 36 100
66-70 2 35 97.2
61-65 3 33 91.7
56-60 4 30 83.3
51-55 5 26 72.2
46-50 6 21 58.3
41-45 3 15 41.7
36-40 4 10 278
31-35 3 6 16.7
26-30 2 3 8.3
21-25 1 1 2.8
N=36 | |

Any percentile may be calculated from the formula:—
' N-F
where xN = Percentage of N the total frequency
[ =lower limit of the class interval in which Py lies
F =cumulative frequency of class interval immediately
below /
f = number of scores within the class interval in which
Py falls
¢ =the size of the class interval.

xXC

To calculate Pso. 20

xN=m x 36 =28-8

.*. Pgo falls within class interval 56-60
/=555 f=4
F =26 c=5



A LITTLE STATISTICS - 19

ESPC L D
=55-5+3-5
=59

This means that 80% of the pupils in this examination
scored marks below 59.

In some scaling procedures it is an advantage to look at
percentiles and their corresponding scores the other way
round and to find the percentile corresponding to a selected
score, instead of the score for a selected percentile; for
example, to find from grouped data the percentiles corres-
ponding to the upper limits of class intervals 25-5, 30-5, 35-5
and so on. This can be very quickly done for the whole
series of upper limits if a column of percentage cumulative
frequencies is added to Table 2. From the Table we see that
there are 21 scores out of a total of 36 below the value 50-5;
stated differently 58-3 per cent. of scores lie below 50-5 or
50-5 =Pss.3

(d) Standard Deviation

The most useful measure of the scatter of marks is the
standard deviation. It is often denoted by the Greek letter
o. Anexample is perhaps the best way by which to illustrate
what the standard deviation really is. Take the following
marks scored by ten pupils, 84, 78, 72, 60, 56, 50, 49, 47, 43
and 41. The mean score is 58. The deviations of each score
from the mean (the difference between each score and the
mean) are 26, 20, 14, 2, -2, -8, -9, -11, -15and -17.
These deviations are squared to give 676, 400, 196, 4, 4, 64,
81, 121, 225 and 289. The sum of the squared deviations is
2,060 and therefore the mean squared deviation is 206. The
square root of this is 14-3 and is the standard deviation.
From the above example it can be scen that the standard
deviation is the square root of the mean of the squares of the
deviations from the mean.

The calculation of the standard deviation for a frequency
distribution with any class interval is given in Appendix [1I.

The standard deviations for marks A, Band Care 12-1, 12°1
and 86 respectively showing that the scatter of marks given by

C
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teachers A and B is the same and each is greater than that
given by teacher C.

THE NORMAL FREQUENCY DISTRIBUTION

We have shown how distributions of different kinds are
most suitable for examinations of different types. There is
one frequency distribution which is of great importance;
it is called the normal frequency distribution. As an
American has said, it is the lathe on which the statistician
makes most of his tools. Take the following distribution of

1Qs:—

TABLE 3
Normal Distribution of IQs
Class Interval | 55- | 65- | 75- | 85- | 95- | 105-| 115-| 125-] 135-
64 74 84 94 (104 | 114 [ 124 | 134 | 144
Frequency }1 4‘11’21'26‘21\11’4’1

The histogram of this distribution would be as shown in
Fig. VL. :

If a curve is drawn through the mid points of the top of each
box, it will give a well-shaped symmetrical curve known as the
normal curve. The curve is symmetrical about the mean of

FiGg. VI
Histogram of Normal Distribution of 1Qs

25 T

20 +
oy
= 5 +
=
g
s 10 T

5

— —

5564 65-74 75-84 85-94 95-104 105-114 [15-124 125-134 35-144
1Qs
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the distribution. The second feature of the normal dis-
tribution is that the scores concentrate closely around the
mean and taper off equally on either side; there is a slow
decrease in the frequencies for a certain distance above and
below the mean, a quicker decrease for a bit and then a slower
decrease to the limit on both sides. (See Fig. VII).

Measuring from the Mean

Perhaps we should indicate at this point that the statistician
finds it convenient to measure from the mean and not from
zero. The reason for this is evident if we consider finding the
mean of the following numbers—=86, 89, 90, 92, 94, 95. By
adding them and dividing the total, 546, by 6, we find that the
average is 91. It is much simpler, however, to subtract 90
from each, transforming the numbers into -4, -1,0, 2,4, 5,
giving a total of 6 and a mean of 1. When 90 is added again
the mean would be 90 +1=91. This device is often used
unconsciously. Golfers, for example, often count their
scores by measuring from their probable average number of
strokes for each hole; two above 4s for nine holes would
mean a score of 38.

Another device adopted by the statistician is measuring
from the mean in units of the standard deviation or sigma
units, as they are called. For example, if the mean 1Q of
the group of children is 100 and the standard deviation is 15,
an 1Q of 130 would be +2¢ in sigma units because 130 is
30 above the mean, which is +2¢, thatis +2e in terms of the
standard deviation of 15. Similarly, an IQ of 80is —1:330 in
sigma units.

In the diagram below, the distribution of IQs is shown in
steps of 15; below the line are shown the corresponding
sigma measurements from the mean 0.

55 70 85 100 115 130 145
-3o —-20 —-a 0 +o + 20 +3c

Figure VII shows how the area is divided up at 1o
intervals, correct to the nearest percentage.
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Relationship between the Standard Deviation and the Area
under the Normal Curve.

Fic. VII
Area under Normal Curve

15% 1977 19%, 15%

=30 -0 -lo Qo +lo +20 +3 ¢

For the purpose of this book it is convenient to think of the
percentage of the total area as being cut off by an ordinate that
moves from left to right. For example, the ordinate at - 2o
cuts off approximately 2% of the area, the ordinate at - lo
cuts off 16% (2% +5% +9%) of the area, and so on. If we
think of Fig. VII as representing the distribution of 100 scores
in perfectly normal fashion, then there are two scores (out of
100) below -2¢. Another way of stating this is that the
second percentile (P:) corresponds to -2, Pis to -lo,
P;oto 0, Psy to + 1o, and so on.

If a normally distributed set of marks had a mean of 50 and
a standard deviation of 10, then P, would correspond to 30
marks, Pis to 40, Pso to 50 and Pey to 60.

We have shown the relation between sigma scores and
percentiles; for example, Ps:s corresponds to +1e. The
statistician has constructed tables giving all the percentiles
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in terms of sigma units. One such table is given in Appendix
IV from which the following figures are extracted :—

Standard

Deviation Percentile
-2.0 23
—-1.5 6.7
-1.0 15.9
-Q0.5 30.8 .

0 50

+0.5 69.2
+1 84.1
+1.5 93.3
+2.0 97.7

There are some figures in this table to which special
attention must be drawn: - 1o cuts off approximately 16%
of the scores from the bottom, and + 1o cuts off 169 of the
scores from the top. If we can find the two scores that are
16% from the top (Ps«) and from the bottom (P1s) respectively
and subtract them, we get the range of scores that is equal to
twice sigma.

For our benefit the statisticians have prepared another
table which shows the sigmas and percentiles the other way
round (Appendix V). From this table the following figures
have been extracted :—

Standard

Percentile Deviation
1 —2.326

5 —1.645

10 -1.282

50 0.000

70 —+0.524

If we know the mean and standard deviation of a normal
distribution, we can calculate the scores corresponding to any
percentile from Appendix V. For example, if in a normal
distribution the mean is 50 and the standard deviation is 10,
then

P; =50 - 10 x 1-645
=33-55
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The reader is invited to check the following figures:—

P, =26-74 Pgo =73-26

P; =33-55 Pys =66-45

P10 =37-18 Py =62-82

Py =41-58 Pso = 58-42

Pso =44-76 Pz =55-24

Pio =47-47 Pgo =52-53

P50 =50-00

If ordinary graph paper is used with the horizontal axis
denoting percentiles and the vertical axis scores, we get a
curve known as an ogive. (See Fig. VIII).

If specially ruled paper* known as Permille or
Arithmetical Probability Paper is used the percentiles do not
form a curve but a straight line.

To draw this line, of course, only two points are required.
We need hardly point out the great saving in time and labour
achieved by using Permille paper. To draw the normal
line we might calculate Ps:s and Pie and draw the line
joining these two points. (See Fig. IX).

When the distribution is not normal, percentiles calculated
in the usual way and plotted on this special paper will not be
on one line: the points will form when joined what is known
as a zig-zag (see Fig. X).

The table on page 28 gives in percentile form the distribu-
tion of 1Qs in a secondary school.

The zig-zag is shown in Fig. X.

If the best fitting line is drawn among these points and the
IQ values of Pss and Pis are read off, we have a good

* Data Sheet No. 37.  Arithmertic Probability. (Wightman Mountain, Ltd.,
Artillery House, Artillery Row, Westminster, S.W.1).

Data Sheet No..37. Permille Paper. (Hunt & Broadhurst, Ltd., Ideal
Works, Botley Road, Oxford).

This is a form of graph paper in which the vertical lines are spaced, from
the central line (Py), at distances proportional to the sigma values of the
percentiles (Appendix V). For example, Py is — 1o from Py, Pgg is +1-284,
from P5;. The horizontal lines are equally spaced as in ordinary graph
paper.
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Percentile Curve or Ogive
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Fic. IX
Percentile Curve on Permille Paper
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Percentile 1Q
0.4 79.5
23 84.5
9.8 89.5

214 94.5
353 99.5
531 104.5
71.8 109.5
81.3 114.5
91.9 119.5
97.5 124.5
98.8 129.5

approximation to the standard deviation of IQs in the
school. In this case

Pss =115
P16 =95
Pay - P16 =20 =20
L o=10
. . Ps: +Pie 1771
The mean will be approximately —s =3(115 +95)

:% X210
=105

This chapter will have attained its limited objective if it has
put into the hands of the reader such of the elementary tools
of the statistician as are needed for scaling and has shown him
how to handle them.



CHAPTER 1V
FROM PHYSICAL TO MENTAL SCALING

SiR Cyri BurT has stated the difficulties in interpreting
examination marks as follows:—* When we turn from
physical measurements to those of mental capacities or
attainments a difficulty confronts us. In comparing
physical magnitudes, we assume that all observers are using
the same scale: if a French doctor takes a temperature
with a Centigrade thermometer while his English colleague
records the result in Fahrenheit, we make the necessary
conversion before the two readings are compared.
Similarly, in dealing with marks obtained in an examina-
tion we must also take into account possible differences of
scale.”* The two doctors know their respective zero-points
and units. Two examiners, however, wishing to compare
marks have no fixed points on their scales as the doctors
have; they have to devise methods of inferring these from
the whole run of the marks. Once they have found their
zero-points and units they can convert in the same way as
doctors do with temperatures., Let us digress for a little
to see how the doctors might have done their conversions.

The quickest way would be to consult one of those
thermometers that have the two scales lying on opposite
sides of the mercury column. In the absence of such a
thermometer or a wall chart or a ready made conversion
table, they might fall back on the formula they had learnt
at school. The formula forgotten, they would devise a
solution in some such way as this: they would note (1)
that the interval of temperature between the freezing point
and boiling point of water is divided into 100 units on the
Centigrade instrument and 180 on the Fahrenheit, and (2)
that the effective zero-point of the Centigrade scale is 0
and the Fahrenheit 32.

* HarTOG, RHODES & BURT, Marks of Examiners. (Macmillan & Co., 1936).

29
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Boiling Point
100°C. 212°F.
Centigrade Fahrenheit
Scale Scale
30°C. |, ?
0°C. 32°F.

Freezing Point

If they wish to convert 30° Centigrade into the correspond-

F-32 30-0
100

each expression being an equal fraction of the interval

between the boiling point and the freezing point, the

Big Unit of Temperature or B.U.T. as we may call it.

By simple algebra:—

ing F degrees Fahrenheit they would write

. F-32 :1—89 30
100
. 9
. F =3 x 30 + 32